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1, 2, 4- TRI AZOLYLAM NOARYL ( HETEROARYL) SULFONAM DE
DERI VATI VES CROSS REFERENCE TO RELATED APPLI CATI ONS
wabios/opesent application clainms benefit of U BT/US2005/036398
Provi sional Patent Application Serial No. 60/6171 19,
filed Cctober 8, 2004, which is incorporated herein by
reference in its entirety and for all purposes. FlIELD
OF THE I NVENTI ON The invention is directed to
l,2,4-triazolylam noaryl (heteroaryl)sul fonam de
derivatives, or pheMmeeettirgahlgy racespiz=abl e salts
whi ch possess cel | cle inhibitory activity and are
accor di ngl y¥ ﬁ%rtwﬁﬁrl%n@Pn@%PFtbPBIWFEPatlon
(such as anti 83N8%5k~?9% | IdG o edveation is al so
directed to processes the manufacture of said
1,2,4- triazolylam noaryl (heteroaryl)sul fonam de
derivatives, to pharmaeggut igaly&onmpositions contai ning
themand to their use _in'the nanufacture of
medi caments or use i nYHESFE! 44 on of an anti cel |
proliferation effect. BACKGROUND OF THE | NVENTI ON The
Cros<aidfehranse oo CBel #t&4 pbplfivadawest al bi ol ogi ca
process by which a cell grows, replicates its DNA and

h |
?@ﬁp ’glequen gaﬁg)pg%ggtlégg@ggu% E:égz'lt-"?L%l“lélstI\-'7Io(ns ga:{%
applistataion dﬁmamqi @b&iim@yprebrlAwntORe@o-ne@mém U\b| .patent
applﬂ%éé?g@)(“c?é—%géc@n Db!é\téﬁl%' A@ &'l%%t%%w)s 'éér%ﬂha}rct?

replicated DNA is distrib to two genetically

10/96¢Hem 1 ca?nﬁeﬁb%?erE¥e3F§tFﬁY&Pﬁh§§§enB€tﬁ@éﬁqgﬁﬁx§QWise
in CRMPSESt B @t é@létaﬁdlgaaaak%)m Beviigehet vigareMon

hase. an se_when cel | 0 v
octolgi iz e F0Tht RTINS ARGOCREY: PREYEE SPontidafs] JS- The
Co- pdsmimrpzs:epxttas@;alma/tphaseS\AhemebWewezlolrpprrertacesby or
t engt hs of the individual phases
refefgﬁé%ehge ﬁﬁ%f%% vary with cell type and with
condi ti ons. In addition, there is a fifth state known
Backgrouwy (o ig SR¥RREION| nt o which cells may reversibly
exit fromthe cell cycle but remain netabolically
1. actéMe.ofheneetdvshivishon cycle is regulated by the
cyclin dependent ki nases (CDKs), which belong to the
e;¥ é’sfeéterl'z{‘vee” c?x?”fgfa‘ééga%SSanF%EeE% Wg%%‘v'e $%n
1§ Hases orma co SPHE
dev1ceeyois:mq aamctt,aﬁflrr%gm*ae@wesm(:buﬁctenaaa”) In
partiR&PNOSPhgLy! &dehrP@ ﬁq@@ﬁ@iéhcré*ﬂé‘éeg' B8 9h 8REIRS

resi due (e. 161 for cdkl). These active
convm@%rya@we%wmﬂé;&scqrheﬁr\:%geieeéreeﬁgneyépewave energy

to elAOFssl GhddgPhosthiery| aémingohbettopr @60iBe that
S bstrates:ﬁgqgg¥ac ivities are re U|red at specific
rectd FRENEHr SERY inlate S phase
cyclin B is expressed 'and forns actlve CDKl /cyclin B
2. donptessiohiah tilse rRglated Aot the entry of cells into
M phase and consi dered as M phase pronoting factor
I Vi, g f s
A T g snny g JLIPehENLPEAGE BhptaBreristics
of a tqcaﬁsarﬁz:mn@nm st Fom dilede. PFogureef| isyal schematic
repré%%htaé@gn é%(é&ﬁygntggﬁag4§%ruﬂh'?ncgﬁ%éﬁygh'ngde 100.

onpl ex coul d phosphoryl ate severa roteins. including
As swwg%dﬁé ﬁguwp&%%@eoe%hen mebppneiLaee LPO
includd rrob&e@tcﬁﬂalalurm{d s:upﬂé@ﬁs@r 1p20t epAr&fbdn hLam mak be

nucle are_involved jn,the e
dopedy e ikt TG, Bap THVRF SBSERF n(beSar gelbctzon
accepbqresseﬂ1&ndhmﬁonmaéﬁﬁ@ﬁeyeglunEﬂahdmﬁﬁkﬁécgoped Dsing
_ fo i C t y i.npbl gst oma
an n tatrL}f%er %hl&r%ro ein %&%P‘J(Jgé &%tl? %hgﬁ.%g
"Inductlon of S phase by A 1lregulatory factors”

the cyctin Es PR TR SHEET (ROLEAR) 0,0, 7 ¢

conplexes are generated mhlch also phosphorylate Rb.
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I s hypophosphorylated, it tightly binds and bl ocks the
activity of E2F, a trancription factor conplex that is
woemenssey for the expression of genes gover ni POI/UN®0EA36398
to S phase transition. Wien Rb is phosphorylated, its
interaction with E2F is di srupted and E2F dependent
transcription occurs. This allows the cell to pass the
phosph@ﬁw§ﬂﬂl(NbdxﬂﬁﬁeEﬁﬁﬁﬁpﬂmj@ﬁcthencbbtwaenlpﬁgeglm@ediu

i I | | | S
T wSOEIL0 T A B0 OB B s bbbl s
elect@B&hbmmdak1pbt&nkﬂ&k&sogrbhéotwgdreﬂhpaﬁ ead the
dlffu%'igipgﬁr 36&%* d hes L4 AnSEr | @tégon Eﬁé&@fénﬁ Mrbr &%1%%5)

tor required or he initiatiogn of
betweeapltibeattingn {eBON6 tERRYRC Rt laﬁ CheplgsFREFYPES &7 &form

“dep1e2hoh @écﬁ)’&{é’n ask e O 1@1‘09§9ﬁ€re¥§2bn 101( 2995 h-region
229-236). The s%gvfntlal act i

102, S5m0 L1555t L oS BRGPTEad BhGhd SPhus
appro&ﬂ@dﬁﬂdﬁ%rmtm@thdthé ot et qemolet n atégivwnal 881 antox,
ressfronno | efed_ph I I
for g_% rrgjt%eelccgér)?gc {ﬁ 19 Q§ Qfmaﬁ.??o ﬁ.#) s%¥ic v%ltt%ge Y
acroskumndte gm ofurGDKsora,ndaJmegDV@I@r l—iﬁSE@PFlU?éIYebIYS
inmplicated in the hyperproliferative di seases, such as
ca iasi s and rheunmatoi d arthritis(Kanb et
ZEANA I4¥ Cycl e Regul ator Potentially Involved in
%ﬁ gnofy Many Tunor Types, " Science, Vol. 264
(1 f 436- 4 0). For exanple, cyclin D is
overexpressed in breast, esophageal, and squanous cel

cangrmg _ Sal et al., "Cell Cycle and Cancer:
x, Qlifl%a? Events and the @ Restriction Point,
CrY gNgéN ,Rel/p)Oncogenesis, Vol . 7 1 (1996), 127- 142)

and overexpressi on of cyclln Eis I|nked to a W de

variety of solid tunprs. The expressi
wherej §hi bt 6Flep§ieq}a¥l<9€*31 TS Pt e ofs £GeR nhﬁb%Fthe
chargef o@Diézl féCLCédﬂ’rcEl i@, Hey ratld y‘bmmdre'd potgniosaat @ the pn

col on st _ca and the ceII ar | ev
junctiyen, an sge?ﬁe gﬁ EQP IR A aég“% %%olls:Je fon
101 afslea-lredp et 12, fésp&e%@@@l?roteasone dependent
Degradation of the Cyclin Dependent Kinase I nhi bitor
7 $ or aho £05 h€9ﬂ3§ Nahuli& th
%édﬁ??ﬁ@gqﬁgﬁ%' f%g§7f§%%31? § ﬁéftlon ene
voltagge ¥diasd adfe td:mprsp?émqiweomnh%ﬁit%?% BETERERp] 6X1S shows

the diaelel eurreaient) _}éc'i@é% deleetdronmuradich gAUt atA®nshdwin in

rigurohe B TAITREY LIRSt Lo Lo elgne e

than zeto rwms (a&e:e ddaxdrer ethaah . volPeget Vand tdfe ttidreshold

voltaﬁ% Gl n eﬁlqﬁ esﬁlg?ﬁp%gl%o“ Sg?agliggb HP' &nd
the dib@e crﬂmxaerdfl ear wow@nﬁmwwlégmmh dchefv e V.
When %%‘é' \eotma{d(}ee(%ﬁ%'&e ]&‘? fﬁﬁégwﬂ ﬁét 2B50¥hdR 0

trong evidence for usin nmpounds i nhi biting CDKs,

VOltSCDKEt @B@quh%ﬁuﬁh%UY%}ta%% Yt i (5P61 i Peeadpen
volta@@e")ap%ié Gri @:1&9r1§x‘a.f@47@rs&“/5;§§8832and the diode

Bri_st ol rs Sq currently in.Phase
currell dockt VPRI S0t an BRESFoGE  BERe: Rifdsest: Eies o1 tage
growsKiim élagitudd) stioyerarofefm @@ﬂétatedimhnhebsésr $nof

clin dent Ki nase 2: n
L
ionizatlmd atCherﬁltag&)IVbrilS AEO@Q}LtaQQO%BQZI)e ahicbde @Jrrent Ip
becom}gl %‘ﬁtfﬁ)’ﬁhl £Hife Copaiy cé 'd’foélé]hﬁg’ét %réﬁén% (4 Co). of

s’ conpound induces cell cycle arrest and .
breakglewpt odine mquﬁ:aﬁtwﬁ a*ﬁﬁr@g@.%%ee?-rlcal field (in
phosphoryl ati on of CDK2 substrates such as
retinobl astona protein, denmdbnstrating cytotoxicity in

five tunor maePUBRTIT Wi SHEEY (RUEE 261 7Y "

Cyclin E overexpre33|ng ‘transgeni c nouse br east

o o NN NN o o ~ 1 NN
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tunor xenograft nodels. Flavopiridol was adm ni stered
by IV infusion to patients with advanced tunors in a
wobasmo44326t udy (see Thomas et al., "Phase | C Pei/vsi005/036398
and Pharmacoki netic Trial of the Cyclin Dependent
Ki nase | nhibitor Flavopiridol", Cancer Chenotherapy &
Phar macol ogy, Vol. 50 (2002), 465-72). A parti al
volts é%eﬁbr%%n%eB%%ér%@Hoﬁﬁ *ahsaprleammtmm éfﬁalgﬂc‘%ﬁ%é?y the

empirdifh B skpOEsELSPONSEs were seen in one of each
patients with colon or prostate cancer and

nog-@gggkln s | ynphonma. A phase Il trial investigated
flavopiridol and paclitaxel with or without
ﬁ%ﬁ?&ﬁtratlon of cisplatin in the treatnent of 54
pm3e

19'W th advanced solid tunors. Anong the 5 1
eval uabl e patients, a total of 1 conplete, 1 partia

wheredhf, MMy raspanss and akdlngases of st abl e di sease
were reported (see Koroukis et al., "Flavopiridol in

Untreated or Rel apsed Mantl e-cell Lynphona Resul t s of
a Phase |l Study of the National Cancer Institute of

Summa@gnada Cinical Trials Goup", Journal of Cinica
Oncol ogy, Vol. 2 1 (2003) 1740-45; and Schwartz et

P OO LA 00, PR 058 g
(“rechkprmitedd Grable darermomat ingopengr &fod inmg@alfrequency
elect@&ﬁ@d}%lé/otEM)laﬂéx?@Ql:)n £98s- g%)icel Rdi %lile@@r(llléaaoé(})ergy

a novel sul fonam de ag ent i n Phase
Accorfﬂafl &R UMY ?f@%?@%"ﬁf&"ero s‘alrl‘?dpmﬁsflt meaﬁaomen

anten&rad dmmiﬁmtclt‘?tmht&s Ufut Spti et adt 5bUFBEsSPECErdm ian
0 xcel l ent_ ant.t r activity i VO .
potent 0 Ao [ End e B Bpetbl Hh'Sevs in the
anten@@pplaesisefgqrhearexpf’ta&m oseniceydhichoE andanother electron
h ty |
sourcRhIRME At Py %a% bﬁ)’oﬂé’&é %? 13@ Efexglsgntgn&?/ \ The

progression at several points,”In
combipegh GULLsRt ﬁWWlW%tW@ée%hbﬂ\@ﬁeﬁﬁgsaéhﬁvppyer output

of thaganfsnn&r itHEs dByEI EHENd@8e60 8A sensitivity
carmnomasal;%ﬂ;1e 16, LSl74T S 0 and HCT15 and NSCLC
t

of thpcagtengg Loyl POHSS AR of Novel Anti tunor
Sul phonam des Targeting G Phase of the Cell Cycle",
Acchedinghdém oﬂaﬂembuaumeﬁﬂansam@ RBréfenanin@zandont,

full @!ave r%Z:Q 1d%t'¥%\ﬁe| l&c@ﬁ%ﬂ nﬁgc‘fné %%@1'38588%

tunor Activit |n vitro and

connee‘aﬁéieico 7 an?ﬁn(f@eonln rrmt E@Odﬂmbulthﬁedi-@?e is
condu@@i)re( Qtdaa(}:%lv)eﬂs% i1 oG '\)BlctaelgéjeVﬂ&Pé@néhéPéevé | BYSward

bi ers, gﬁ|b|t|n and to a | esser extent al so
1as, cﬁR reRitd tdEvp biid AL SOPRotHHana + raRreFatied nhvmkhe
targete&oale&rtarbnmmemlcl S Eand rhas dieein sﬁmtmlm Na p@él@@téd

spect iy, MUSE 0B RRCRYE 0 O RTS8 e png o
rectemal t mm)lonlér @;m@ptdllmsnd;f o‘ﬁwe:l'(é/@ﬁers@apermmu@maslealf

W 2 t I
ave *%EF?EF%F%%% CH RV i A o).

gK yowa Fbkko Kogyo) is a non- speC|f|c ki nase
'Fhﬁ. Erafs EDRRt RLadhPyPEESEga AtV ePRAoTamE M used as a

bulldPﬁ@Cb&Bbﬁkaltod@Eéa'th'lﬁ%%s ddedlerdie é@x‘eﬂz@m effh&l of

& e treatnent of | eukem as partlcular
mlcroﬁKerbﬁP t‘ﬂé SREEERA VRS  bdEl? AREc R d’fa}‘fﬁ g ywigible
wave appaliceelbneamaiynbed fanddpanCealdct AL this

. t her this ¢ und has _shawn ant. t unor
inventdoh 0ot ok Rt kg B8 R CrsER e TV i Hofes qakab e
so th&enfetuvwecimptrogknentBhase bobsiddleofwiltif usiparoudaieritls of
P ' L.nas i:bi;t Qr at W.t.h
semic o dRuE s LA B e RafRRARL Yosgrtd o AR Biibics ana
(Suppl. 2) (1998), 111). VKEOOlOQlOG dlscloses

di am no-1, 2, 4-t r use in
t he treatnent oslféﬁm?ﬁg@%ﬁgﬁ&ﬂgﬂ- h‘ﬁ) a need for
|nh|b|t|on of GSK—S V[2002057240 dlscloses

L T Y 1 o o

I L S
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be readily nade and are potent inhibitors of one or
nore CDKs or CDK/cyclin conpl exes. Because CDKlI nay
W@ 200604434 an M phase pronoting factor and govepreT/UR®OLAR36398
phase of the cell cycle, and CDK2/cyclin E controls
the early @ phase of the cell cycle, there is a need
for effective and specific inhibitors of CDKI and/or
antengpKgetdgnt-r edNane ore Bfsnure ungRRes binitinbesthal so,

frequleﬁ@'l@'st ko +0fc AePlse r@cﬁ@/&msﬂﬁﬁ%ﬁéﬁl QnréEtbhﬁace| The
cle in normal cellsandllmtt icit

Prese‘élif/ft SPILNES Shhich aRR Jrcfﬁ@%hfa%eEM'&oo I\P?HéFsgegﬁ&"ﬁtlon
and sdp%ﬂypt hewatofsHie CelHucydd #©y or £ dod nproguotiibar at i ng

souldtherefor pr ot I|f in IIs
derma%ﬁ&ﬁgé(s Fai% 't o‘?}?angrré% Eul| %];g) }?‘E S%}éosgr F5HEhe
withoefkf bdbpsef) eyidbtimuiagmgen s(amd ¢1hbeeb1ye1éitgaldemaglng
. t f i
sens i T B e L S B ARy G ©F
RoentlgNVEN?N@\rr(H{e‘r;ﬂﬁéﬁs)erﬂtnliﬁWﬂm%rPf soBaselsonstge as those

used Q'osci?i%?{ et bt eard Al derkidhin airport safety procedures
tri azoldyl am noaryl het(fr oaryl )sul fonanm.de co

or in| G ORISR b Re OG- cyihe R Saet, (OHBAEAGD 1o
also S@bedidakilley ﬁ‘d)rcr@})tﬁlcaa]nchrmgzsl:anldsihgsfbameesandggases
i tunor act|V|t i nch udin
(e.g. pr%f’f‘flé:rlg\:tl St ar%lygsl)r/la { gﬁt}ouanl %%%%SH t) qB‘F‘%lEP’t Fggtrol
procethese p(reopyar,t ik eppiud ah et dscebb$ oknthéasEat ﬁ'émismf sach as
thosecg}éeﬁeq' @ﬂ:d?ﬂd:tﬁ% Jpasn f 58 86h by, abngr PRhacehbptYehe ions
ontrol such as cancers (solid tunors and | eukem as),
(e.g. f,| BresuaaTesttatel & e i ¥k ent i ati ve di sorders,
psoriasis, acute and chroni c nephropat hi es, rheumat oi d
M:U@ﬁ:idtlin@ HEA RO £ 1o 1S 2 HTE; dftenﬁhﬂ@ipﬂ@sathﬁ.nvEntion, a
- oscl.erosi s arte,rl l ten ut Qi
nat§rdc kR G S o) PERRRe BT 1B, aes oven
with anakemouﬂoajasdn&elasaegaew tNBD et 3 rmlnaa/’@ss@l prekkflewat demice
of tng"HILANY noatéeﬁ &Y VG | QR PEPHEAESoR Aafutal

triaz et er oaryl ) sul fonam de derivative of
breakfi@wﬁunaW(eln)thmeré% NBP mayp hh?e‘~‘$%‘éle%%n%leﬁ?P91fler on the

recte&%'ae%tfe@hfer @Bé@lérﬁf'd:.r%erﬂ:lldﬁ tto CREOOLYG| bRall amFl:Ltude
het er ocycli ¢ or_hetero ryI wherein Rl |s optional |

high {FESERiYe & HAGTH BHEY JIfbrsel Tttutents

i ndependently sel ected from am do, phosphonato,
Fhes phrieisen tc arrbeent i ort i s deerthiney | un@elw‘ooqdi, uponr o,

4 [ " hl ’ ~NTat y
ConSlgglrglth% fgér'%germdé {ig%%;dle Iog%/lé()]lly 6%%?‘&?}’% #ogen
accomprpyangd Iﬁ’élaeﬁlﬂqﬁ Cl-6-al kyl, C2- 6 al kenyl ,

C2- 6- al kynyl hydroxyl, or -6- al koxyl, R2 is hydrogen,

Brieth@%‘é&M_gt&icﬁ{ Qf améwq;raw@y, car banoyl , hal o,
cya Uor onet ny uor onet hoxy, sul phanoyl,
: I

Basil b srowntng | curany e o i R Ry

charazaetrfieties f fomdnterR3 arad BParfunodepe ndeodiéy
sel ected from hydrogen, -CH20PO R5R6, - CH20OCOR7, -CH

R (SO T N MR e

junctdehectiodef 1} + he group conS| sting of hydrogen,
heterocyclic or Cl-8alkyl, wherein Cl-8al kyl is
@&Ogg%alzsl >isgléb5s1dﬁéﬁa&dld’\"1t U1 8 £ 2 6f aGiBthiral

6) al k ydr oxy, kox am no

breakglﬁlwl%éi@ﬂlgrﬁ Eq 3( . 63%9 3)% % one embodiment of the
presehnY, i¥viegl-i6H kyI ) 2am no, heterocyclic or heteroaryl,

R5 and R6 are each sel ected from hydrogen, Cl-6al kyI,

Na, K and NH4 and are the sane unless either R or R6

I's absent, hydrogen or Cl-6al kyl, in which case the

other is different, or altet#natively, R5 and R

heter ocyel | ¢ or SUBEITVITE SHEERRDIE RG] | 2

optionally substituted with
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- oper

one or nore of -CO2H, -CO2(Cl-6)al kyl, am no,
am no- COR 8, carbanoyl, carbanoyl (C 1-6)alkyl,
w@e@niodi3np, nercapto, thio(C 1-6)al kyl, hydr oxRCT/US2005/036398
LKQ s-al kytyam no, L 7V-(Cl-6-al kyl) 2am no, aryl
optionally substituted on aryl with one or nore of
Cl- 4al kyl , Cl1-4al koxy dr ox hal ogen, am no
AR k“yIShOrWSt r@%rr%Jy% BN %Er%‘é’;‘zt’?ﬁ‘e theofyilt-in
voltadfd RS whes evaltags- 499 acAdEH N3 0@OHukeng n is
%QP or -(OCH 2CH2) nOCH2CO2H where n is 0-400, and
I's Cl-6al kyl optionally substituted with one or
nore of -CO2H, -CO2(Cl-6)al kyl, am no, am noacyl am no,
drardveanen A slmfbaﬁhgflcc@ne@yawytagguémfdu gbanmsrteaptsdic

I I
of Ngﬁ“&f@%@?ﬁa’aﬁy@;ﬂ%m%ﬁ%?iuﬁﬁﬁ‘%?ﬁ%ﬁ%ﬁ‘ é?’the

thresfjalid gifd tdgendite of 480Ry| , Cl- 4al koxy, hydroxy,
hal ogen, am no, am noal kyl, nitro or cyano,

Izrqtgefx@cox_?:% is (@tﬁ@ﬁ%ﬁ%wsmt%)&wo@& raftQetd 1
n er 'S 0 n . .
breakgmut S i) 26005 harEhar 43 NorYER) A58t Fortita 15

fully ldeplrdaddes: oo lnidss whet tage X1laandrd2ngs teachmeCH

I I | ud
eno s P o T | & 20eSi Botyct | ¢ Lonpound |

sel ect ed fron1cyc|oprqﬁé clobutg cycl opentyl,
Fiaciof/e) HEA 7 WEPhEPY| CBaENBpt PERAI Py tybe and n-

type Sdébﬁtdrls\ﬂﬁﬂl\y tdene- &d 4Br £ b Bﬂhgovombﬁ§§h°@@b@rdlng to
6fh%¥ﬁi éfﬁgfxyl thlocarbon¥ sul fonyl, nitro,
one elHI;II & B PRI Ly ARESRE 10 1 6- al kyl ) ani no, |
-(Cl-6-al kyl ) 2anmino, sulfonam de, ketone, aldehyde,
aésitgerreshal (@gerto o&@cg)erﬁhcbmllﬁ@leWO ONBB- a[LQyIand NBD 720,

compound” o for I ncl udes
711, &EﬁpéﬁhdgaMuﬂaﬁr?qulépR#&?@IV%b¥¢%ﬁ L$Ssubstituted

with one or nore of am do, phosphonato, phosphine,
calgR@ed 8 ()i wrdomylsh@mlrﬁmwoonlmmp g8lbi ehd NBD 820

cach spGlGelRg. 4 Erest %le*’sﬂu?fI o e, (Refonedepetion
reglom Gelyd81lgsttex], arad ), loxyigen, twal oalkgke doping

T
Figuriendl (fdeshevwpouwddsiphrerBh ¢80s scomregtedpinonarigs at

zero MRstituted with one or nore of hal ogen. An exanpl e of
a conpound of formula (I) includes conpounds wherein

is a _heterocyclic conpound s cted from
BB 8 YO Ry Sorep A eyt i numerous
antenoplel dralg.y &W@ﬁndaﬂ&ﬂhﬂwﬂiuCHEHCEZmDr@ométﬁﬂtﬂed in
osphon phos h| car thloc rbo
accor%gﬁf%nyl%%ho me?%l%%t é p%? ne c§§%%tl°n
JV- (C1- 6- alkyl)anlno L iV-(Cl- 6 aIkyI) 2am no,
Sillguaesnildd a )k @nshe, 0 & dedtyaie, t e tand $1%1<Ii©g@hewéx9§eﬂne
embodﬁ%%%%I%@ th@lfaﬁgﬂg?on(;Ef&ﬁ§€§ﬁﬁﬂmgg$aﬁ éi5¥f¥Ignt?nna

roxy or oxy exanp e a conpoun
904 l@orrmmt@n(nla) SR R0 DhpotaiEe wher Bt rAFgOFdaRce With one

embodN@le@-0 Y k- heO Relsth s el eed @ch di om pyr azol yl,
pyrldlnyl pyra2|nyl pyrlda2|nyl pyr|n1d|nyl

Eﬁ OIHQ¥ h|a2|nyl oxa2|3¥ f%&%z%f@IIé?goggé%Iyl,

conneidticalz (ilny Iserh_IEIsazf@:IIyIDC twdwearz kgl leqiomw] | slybwing electron

L I
outpuben%%#ﬁ azgﬁyﬂ enzoq%loﬁ%eﬁaﬁi%r‘g%nzo?ur%ny?n%%%ﬁed to
electgpn dnaity chapstelt Utlddb v i hregieerora noreayf 1 562 do,

phosphonat o, phosphi ne, carboxyl, thiocarbonyl,
sul fonyl, nitro, thiol, thidether, am ne, cyano,

2V (Sho L) sHEsTIMINE GReRPIRUUER

hanaIkyI Cl 6- aIkyI C2 6 al kenyl, C2-6- alkynyl,

~A ”~ o

“each %ﬁu@lﬁw de?leq:éaé kay@gfi nhI’éI Xy' iilgél a%gﬁshg 701,
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An exanpl e of a compound of formula (1) includes

conpounds wherein R2 is hydrogen. An exanple of a
w@ospoused of fornmula (1) includes compounds WhBCEUS20R3036398

and R4 are independently selected from hydrogen or

-COR7 > wherein R3 and R4 are not sinultaneously

hydr ogen. . An exanple of a conpound of, fornula ( I%

raghndesl2éapoands LaHineishorg' HesReHe ¥ by e top and

side 99&99%? sebeeteddh poMdTRRRAINAYIZ00 etizotybrdance with
mgrro 1 di ny g peridi nyl, piperazinyl or
one e ﬁ@%ﬁ?PtpPEeF gi RIES@Nt Aﬁlé¥§HﬁF€ of a conpound of

formula (1) includes conpounds wherein R3' is a
b@@aféaﬂslshowpomedtenndeaﬂnayfkRﬂﬁlan&umiwg numerous
Q¥I-|n1dazolyl 2, 3-di net hyl -i m dazol ylI ,
gaple§52a§ FP8Z6lyl or 1,2, 4-triazolyl. An exanple of a
compound of forrmula (I) includes co ounds wherein R3'
Fsghydr dgeshons m&ﬁﬁﬂr@aofarafwﬁoélﬁﬁg 2d f bt Al SOFP?C’Ced

in seﬂ:ggguggg @@'TB%HI%QS cMarRity d7, 'sﬁ'x&vi}@é eép@dﬁ?i’bﬁ output
sel ected from norp hollgg%?htetrazm

channgyr ﬁépﬂdpﬁyp:ecﬁieﬁxgﬁ @Ir,ﬁﬂy c%rrmec%/ed to
e1ect€roHEELhyshtpba@h@élln-llma omemaermae amfraycbmbund of
formula (1) |ncludes conpounds wherein R7 is

BSVEGRCHR) 5, S0, Yo R s L dione o

F one or nore
variou€ORBOE- Glalzeylo, a@mmcgad amlr‘@qgj:@.a%ar@g%yqilng to one

?&@ b GHAMdi s1p, nercapto,
embodﬁﬁe%?”%&%%ﬁ% E%%%rdky Ar, (Cl 6- aIkyI)2anino
phenyl optlonally substltuted 0 with on
. STy

FogEref 1€12dartieyilo ﬁ%pgagﬁntailons of
vario@d Ronfa &@@hbyis d‘ﬂ tNBDSJraiﬁyr&Enoo fepriedybias, voltages,

accorgg, t (80 PO ARG O 1Y RREERY nRIE ey B wher o

nis 0, 1, 2 or 3. An exanple of a conpound of fornula
Fli)gures ddds )cdmpdind® e selrematiaereppesentatspns of

varlogé %%H%yla't YRGS 'éf)pqlieﬁﬁldﬁyltcgeQPté@@@fJiYnéubét bhut ed

one or nor )al kyl , am no,
embodamem e@gh%@rr@érﬁm %%%%1 (C1-6) al kyl ,
guani di no, nercapt o, thIO(Cl 6) al kyl , hydroxy, L

'F(l@llr@'sa|118y(|a))2&r§ o, scmmwdl@ptemé]ytsumm ofit §8DoA800
at zer(o cﬂ ane af e]&oaq,]e, éj(yodf@jé;{% gtc%gcgrﬁﬂ)bﬁlment of

the p—r@a@@h‘lﬁCl:lZ])\neﬁtHZﬁZQHﬂB/Wélrfonw rTepresenips An exbwppré bregkdown
Schot%(f{@p%[li%%e()fur{cférm aféfl%eac? rE%Ml&Qr@Mg@lMer ein R7

erocyclic or wherein Cl 6a|ky| i's
optionally substituted with one or nore CI?
F@@v,w(r@:r.1 EBelRy |15 sl em Ho- @ﬁ?%sewg/ﬂ%%} "D 1810
at ze‘r\é L-6r 3l )chLaJHqE), deterOtygl £t6, one embodiment of

the mORB R Feaéaflos A nanarploosrekdom
Schot&&@p@muﬁdﬁuﬁdﬁﬂndzfdﬂ@edrmépﬁh$lcmnpoudd310here|n R8
is Cl-6al kyl optionally substituted with one or nore

(£1; 6
%I\}‘g(u&f 9. eﬁ%a]na]\ n%&%%@@tz(% CDTe E¥ﬁ§gg¥?%00fayBP 2000 at
zero Gyppldread |h;aa@bmltxag@d apCce¥ingi £ ohe @mbﬁéﬁ@eaﬁ of the
present Aﬁ!x}%lgloc}ﬁ 2060 W%%yenbal Qﬁenwaﬂwelarc
et er ocyc

am noal %
trangystir gt Fne (M—E@HZ*}W\A%ef%rﬁe‘ij 5 1§t19noF°§ ition.

or -(OCHQCHQ)nOCHQCCQH where nis 0, 1, 2 or 3. An

% &€ 15 () Clwrwmgﬁaﬁmwépxéhamtathudesf NBD 2010 at

npounds erein RB is_Cl- I gpLign
zero:ﬁﬂﬂﬁ%% t%&ﬁ%ﬁ rbﬁﬁ?braﬁ%?ﬁ ¥a ngnelﬁRLXdlmeng of the

aspect of this invention, there is provided a conpound
of formula (11): mherein: R8 and R4 are independently

sel ected from hydjgasiTuTe SHEET [RULE 26)
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- CH20COR7, - CH2OC2R7, - CH2OCONHR7, -COR7, or - CONHR
7, wherein R3 and R4 are not sinultaneously hydrogen,
wWR20and3R6 are each sel ected from hydrogen, ClPGHUE2005/036398

Na, K and NH4 and are the sane unless either R5 or R6

I's absent, hydrogen or Cl-6al kyl, in which case the

other is different, or alternatlvely R5 and R6
presergyetiieent epn psBRP 28181 uepresemignes PaRuTaidPTeaKqwn NPN

r | 5N yEdetalkHordded depletion

blpoj&?ﬁ%ﬁ%?giégﬁﬁs?%%tggdkﬁkth %gﬁgruhgke of -CO 2H, %JD
Condxﬂxgﬂ%)alkyl am no, am no-COR 8, carbanoyl,

car banoyl (C 1- 6) al kyl, " guani dino, mercapto, thio(C

JFﬁj@iekyi&a yd;[@xa sch&n&tﬁcah:&ptr)eama,tﬂon (@ NBD 2020 at

roro TPt oonigon ) & a8y Re ey, Hpne dt tne

presdral ageventnomp, Nah1aaaDkyprBEEn@soa @y&maal breakdown NPN

et y ) ere n is 0-400,
de"l‘be((ﬁﬁgcﬁé%n BL easxe) Bgﬁﬁgeﬁgr - (OCH 2CH2) nOCH

2CO2H where n is 0-400, and Ris Cl- 6a|ky| optional |y

Fikmirent 20 (d t Andndl §P) nBhevef reepesiiivedy, the top and

side %£1Céw§)@fk%é plasknai @!l]ané@ﬂt_le@Bﬂan@.leﬁ@Htafme, :Ln
carbanny$§ ner capt,o,.

) al k i no,
accorgi el Wit th g payboRi rEnE B, B Phreage igast fon.
1-6-al kyl) 2am no, aryl optionally substituted on aryl
vﬁi¢unme2brshowe,o@apﬁréathyha arramsk@ﬁpOI%nﬂcﬁébO

e M3n@ ¥ ment of t
onn e egcgo%)l/c? Qﬂ?%ﬁgg%gﬁ%ilt% \/\Alwleree n |sm(()an4000 presen
1nvenﬂxmn+2cmm)nc»|mhere nis 0-400, or -(OCH 2CH2) nOCH
2C02H where n is 0-400. In a third aspect of this

Im/im donN22t hpr gniis2pNBYI Qﬁ@war@@mtfli@a& eft rfiirtadea 905a

 provigediieh| RyPILnERERhECRBbAPRYI SCEOBOTNA e enbodiment

of tishstésethedimvéhtboe.or nore of -CO 2H, -CO
2(C1 6) al kyl , am no, am no-COR 8, carbanvoyl,
y%:(} ﬂ'ovgg al Ky! cu%y%ﬂltd'vBQta@%r GaRbo chtah_"a‘gt%rlstlcs
dr oxy 6- al kyl yam nq, ,
of NBP M?h?nzgﬂﬂh®0taF?FlEEPP6ﬁaP§yV§6BS@PWUted on aryl
mﬁth one or nore of Cl-4al kyl, Cl1-4al koxy, hydroxy,
QHEH, 2 AN RO s aﬂhaoa{lkyéntnvbma@écxarvq characterlstlcs

ot NBE%@WC'%&P%%% Ve o8 FLfes s e Rer %) Rekraeeoln-

where n is 0-400, and R8 is Cl-6al kyl optionally
§ﬂh§di¢u2édaMA$homaetbe goreepf - VQEZng (IV)
chara f%%' éif 13113? g@ u@ﬂﬁ]g%é' a eﬁer%@bﬂﬁ@émal when

guani rcapto, thio(
the ‘@369%@ | Vs Hysd meky oL QL - R R et Rovoltage Vth
-(Cl-6-al kyl)2am no, aryl optionally substituted on

aﬁ/ uﬂ‘étf‘S 3] Qﬁow@r ehef cairéatkyblt@§e4alzkzoxy,

char g el B S by SRS Mo B wnen

the vdIK&ﬁE}ﬁgnﬁiidmﬁﬂeaﬁb|Ehfbs%mndowolt£§kQVhB)nOCHQCCQH
where n is 0-400. Accordingly, there is also prOV|ded
armgeu [
R e e s
of NBizcep®@bl e salt of a conpound of the fornula (1), (H)
or (IIl); or a pharmaceutically active nmetabolite of a

0d 9% {hesfonmil arfl Faplibk) o8 vhkhiblhis ®BA structures
phar maceuti cal [y acceptabl e salt of the netabolite,

Wlthzﬁﬁ?%ﬁec@ﬁ§?§ﬁﬁﬂﬁ¥ﬁgu§€aéﬁCFﬁ§l§5ﬁ§§s|t|on in treating
or preventing ki nase nedi ated di seases resulting from
cel qutar 2By propsothéecarirent -suthage qaNvjecharacteristics
rheumatoid arthritis and psoriasis. The present
i nvention provides a nethod7for using conpounds of

Formula (1) in gyBSTITUTE SHEET (RULE 26)
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treating or anmeliorating a kinase receptor -nedi ated
di sorder. An aspect of the nethod includes inhibiting
wanreguddat ed ki nase activity conprising cont ack@rnysS100&036398
ki nase donain with one or nore conpounds of Fornul a
(1). An aspect of the nmethod includes inhibiting a
ki nase by contacting the kinase receptor with a
of NRipigdBdfhd of Formula (1). An aspect of the nethod
includes inhibiting increased or unregul ated ki nase

Deta €4 %S O 9F 1 5h 98Rl tRE beadkpgeHO EhBboRdHAked cel |
protiferation conprising contacting a Kinase feceptor

with one or e co unds 0 or I aspe
ke e Lo S SReSer R B E Phg Sy aeT BBjarResipole
rectéﬁgﬁﬁﬁrkamﬂémmac(PngctbﬁnthaGEemeueﬂtam\aquane array
und of Fornul I t t
confﬁ?ﬁﬁ%ﬁﬁs 2§ nht BTt ng éhéiﬁéﬁgﬁéﬁsg Sgéf%Egggﬁg%- sgch
havimydihea shpentenbeki Qﬁsen’aﬁunahelﬁmb@t’sh@lm@ﬁch
dlmedéEéﬂV'CHhéZpﬁ%éQné'iﬁGéﬁgl&H §snﬁbBQQCdylé'Hﬁﬂfégléﬁnae

preventln nase nedi ated di sease in a su jeCt In
of othaw qcmﬁwr%hﬁaﬁs. AYchdaf nestEPrAdTeg siveadubj ect

conffﬂhfﬁﬁfﬁﬂ'N@v@ﬂ@uﬂlfﬁéréﬁtdnﬁﬁBEQU6¢ adﬂ@hd&*ﬁ%ﬁﬁents
i hvention $S further &éected to a nmet h or treafin
t Er}é)

along, i S HREASEPRF f n THE pRRERT KA AYSE Thed ARy 1 des an
arrayicfatiepdYe arstibprotei alaredtshepedfi guoer it Reapture and
i sterin e, c fect of
harv oo L TS Eof BleE He B .
adn1n|ster|ng to the subject an effective anount of a
&mﬁxﬁmhpiﬁm¢@tngﬁatbﬁ)PrQFPFtanFﬁFFl@P ds shown in
Flgunqéﬂag naoﬁfa% w£dl bYspeR8Pabt enfal hrragt 908 rxelthkwillrige
salt of e nmetabolite or conpgﬁltlggéthere i.n

nume?Qﬂ%n%ﬁt%P%%%lé%n%nt abeRRaP GPAer “dSpadss, zééatuﬁiﬂures
a)anchddMa( agese of op hendngtaei ohewsl b fheeatrenapparanty 900

fromt twled escri i e L
of Fﬁgﬁu% B G B\ PR 00, RBICh - FRetudes,
antenref fmumanmm an@aa@%ha@namunngoﬁreartdrfu@rorstructure
905a ph&{éﬁ%@f cal r3gehtet Baba Wbl i eSHkt thl isTRMeGeceived

I nNg, revention, or treatnent or a decrease in

at antpnnati04 W aRehenRestilar sahsucsnrg J0P@emagr be

prov;LthéQj a"@idc%&irh@nt@ftHﬁ.§eé1§Bodﬁméﬁtdelf the plré@eefcf ect.
etermals ndlc nt .t hat

invertfiat, (bl SHHATERL pROSF BIBGH CHP i-Rat 1 BRD) s hish 1s
furtHeer elikcudwed esaldal kyl thiwadstailedadgstrapthoanamned
d t |l
refer cgﬁfaﬁgggagq@%P?P§¥'ﬁg?%kﬁoﬁﬁnggl %?ggp&%@ E&gaer%.
natunﬂﬂqbnﬁﬁkdqwn E%mmmngtkyms@ieéﬂyl | ower
al kyl sul fonyl, |ower alkoxy, oxo, nitro, mercapto,

ard N At Ilqoaﬂ"i@(uﬁélé)swwr egn@yielkyl r@@ﬁcb.%ér structure
car banpyl optiona su st%Pated b al, k %arbo anlde

905a GRqGIgHiS ;ﬁ%thb%@wla%@a BYCLIRGE , PakPASS |i9 g%ypnd n-region

907. apidafiadd YoG6Isd st At eaby ahkyl1sExammbeaepﬂet@bk¢h a zero
d her ein lncludfh Q%t are not |i.m.ted

e
blasrﬁﬁ#%ﬁ TR EHPRpy | Ly SHEBBSEGP |§88u€y98pletlon
reglonuhnsngMWEdmhttmﬁtlke sslusedtheneithe thdtheoh the

depl% zég%l lfé abgf% ﬁs BE%QCQ% Hygﬁgﬁg%bg%nction

aln avil ng car
for e bome aicmm@l otpheehbnatiepsi ohhkbky depbetiiont &&wornh is

saldlﬁBME E“ﬁy%ceé@merTH§|9@£5¥& dé T@Eea|b¥E%§EQBYQ06 of
| ower al

é | ower al kyl sul fonyl , ["ower
rectﬂaﬁmftmtumt? 52 nEPRRPEDS aﬁrﬁstém t@nippyantenna. The

n-re Ltgﬁ:%{ﬂ:@%bﬁ’e@tkii?rCéfblgéit’uréaBbaﬁD)ﬁbnﬁéblt@naﬂllr)éctly to
substi t ut ed. py y c oxa

an oK AT by 207 ky e ERFRE LT FORGECGR PORal Mgy aiso be
substituted by al kyl. Exanpses of "alkenyl" as used
herei n i ncl ude, ropenyl
| - but enyl , | pent wsﬂﬁyﬁéhex ﬁ‘&r@-'@ #egl i ke.

used hereln the tern1 alkynyl neans a stralght or

o o o o "~ N o oy N 1
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substituted wth | ower al kyl, |ower haloal kyl, | ower
al kyl suf anyl, | ower al kyl sul fenyl, | ower
wa@bkdoghswsed onyl , | ower al koxy, oxo, nitro, nercBRpr/u$2005/036398
am no optionally substituted by al kyl, carboxy,
car banoyl optionally substituted by al kyl, carboxam de
optional | y substituted by alkyl, an1nosu|fon¥l
provigded byalthp RN ARGF Bl ke | ONEXARRPEEMERt” alfk Fhy
preseﬁ% li%%nt&ﬁro@i nagﬂen&&l Mtrpgerastor 8 tedat 92 (b). Using

two NEDRanpih SETEAY e arrfglf%%% By ¥Leanaegwna

sectiBB@n®0dastanal gdlgr dirancieg &f dtioe aaboennbasechdvinsg by
car ban ttached via an oxygen |inking atom
the N&Hamﬁ t iPonal 6%%O();'rgssfmi;;s,t|tuted with | ower alkyl, |ower
hal oal kyl , | ower alkylsufaqé | oner alkélsulfenyl
Sower r@ldty-lfs'uﬁlf oA L 1Y dmero H‘@c)‘@lfb% shruggure, such as
905a, n@zﬁ‘%@ﬁt Q113 AP ol dyn SUDSE | A egtﬁé!rabhﬂennae
car

oxy, car banoyl optlonallg?substltute

prescobmuLRae SHANAT A GIESIOR RSt BLS s E Lot ently

includd:Nqyyl by il 1vg swdst | ielt@dr@yeﬁb&yb;gas voltage
ut _are

Ex | f "al " d h d
or nefs: B (AT Rt Ty |2 pr BBORYY BuEbEgeRhg that
is 51gmuﬂquwq1yugtadueﬁ|wnanﬁe lszkager einrenheoferm
conven%%r }?%G_Ly rf—c_]utrLceJJt i d 0ok C¥g! @#féyée%lééi’l (B)NPechS Fying

m cycloal refers
1nputs @mgmtle dYE I dBIHT G aF WOFER T n@n havPrgdst %méaﬁ@ons

dlrec%&?mlol %%toog 49%@4&@}&% ré@@ﬂfb@fe%ﬂlt:uﬁﬁhﬂéeimsb@b{xﬁé@:ted
no imte 0, CycC ro c obuty cl opentyl
wth @) YRR SRR Be PPt SYSLORER i FEEROBE T

term "heterocyclyl"” or "heterocyclic" refers to a 3-12
mﬁﬂhﬁkﬁdlsatummguntcmocbuxle¢¢w dipotat edtenng 904 has a

lengt%xorll_.t %ara rl% %e g;f%dre ryel!v% oﬁ@é@ﬁ)%%&&%fgngr Qa, §

ring optionally substituted’w
sectllomer%aﬂak;and |9ﬂ/€é1) el ased 1pviehe af&yEenf afykhe antenna

by a 'g%\gﬁrofah@fig%ﬂ flﬁnylbericyam ai%vi&&éipyy&nemwf the
0XO0, nltro I’TEYC&% mHOOtIO

XYy,
wavelem%ﬁ @ft &dien\plaabAomaghHony, (Hak & t}aﬁ% %ﬂsﬁwa is
desighldlesttd Heekihme, a|£k)ﬁ.s tqaps:hﬁacany d@l@@ifi)@@:htyy smaller than

the sgx&ﬂéﬁl Lut ed e&y;naca |df rEPSclilil.Jggnrl] %]/n%et Iogéﬁﬂflkarv‘ave the
antenhas&@texpmmiaﬂ uunneaﬂinﬂ ruﬁfm@gw@my$06cgﬁloabkyfler
structE%tr%r g@%b (D o sngéo @@E@éesoﬁfoﬁ@t §£§eych¥&t to

enot |mtedto %%roe I NC 8
the ggppyvrfr @initepnap 9 0., mmkmlme)ctlzonnn 4| #ng| 904bsgnd, on

the oft®f8r s8¢t 0 25 réx%qi&ydg@? | ""Hé‘&@ﬂ?@'d’é ed n+-regions 908

i m dazol i yrazoliny pyr azol
conneck: to, &) qtﬁwend(setquzad}t}eﬁr}ﬂ”é()% Jer et e;'m element is
thus Eprild (ﬂ:lyﬂyintehrﬂar digdy aredtifiéomtphetinyl 905a, and n+-

reglogifp &%IZIdIn +oH:ee4 %I%{%%y& I%L%a'z' ik I:tectenna elements are
connelpdneah\tdr @dnst-idivdze pinpt mmbrféﬁa Aor oxbgepaoys,;
Slmll%\‘i‘t&rfh%% fl;y %ﬂ%ﬂet L d L. 3}%%)10143 4?(519 0X&Wdet the n- regions

di ox6l rany
of muﬂétlrpélwdﬁ@tﬁyﬁn%ﬁmctqr%s benz®di oxorsgion 907 of

rectiind 'M&dre‘l R0 0XbAyA 1 1 &Pr ROk Ay | @utput channel
4- mor phol 1 nyl propyl, tetrahydrothiopyran

903 £t ARSI -0 O AT S P e o2 o P hER R naEhe
isolatt@dNframy the efftfeniid %b@%m@r@ﬂdtﬁéh_bsémtelﬁﬁﬂe, so that

benzene rin an optionally s bstitute nze ng
each S5REEY bt 2oF e B2 (oTe SpEL Rae | 3 Cbotte (Faqtheden
wave benZdelratr ittgthafheargmnonal Nubsédioent 308 nehddeléotepn

al kyl, lower hal oal kyl, |ower alkylsufanyl, |ower
al kyl sul fenyl, | ower alkyl stl fonyl, |ower al koxy, oxo,

o Lop T Cer oS RITOREALRY INRRLE deeC Y

alkyl carboxan1de optlonally substltuted by al kyl ,

L T 1
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contai ning one or nore heteroatons selected fromsS,
SO S2, Oor N, or to a fused bicyclic unsaturated
WO 20vg/oesepri sing two such 5-7 nmenbered unsat ur BEBUS2005/036398

rings, said ring optionally substituted with | ower

al kyl, | ower hal oal kyl, |ower alkyl sufanyl, | ower

al kyl sul fenyl, | ower alkyl sul fonyl, |ower al koxy, oxo,
1nputn|cﬂmneier%éﬁotf@veamhﬂ) swhe opahdlyctibstyt Gype .by In another
embodﬁH%Y'{t’ Qs o L2 IR0V Of’@i onal,! %esygﬁibt:gde@)ybheav1l y

car boxam de optionally substituted by al

dopedam‘hTéfﬁﬂlf%?ﬁ/I optionally substituted by al kyl.

Exanpl es of heteroaryl used herein include, but are

Weler! igh tRd e fouf Weléﬂ‘ﬂ@’@l@henyﬁ.s pycedkgl, by the

i soqui nol | nyI nz apyl ., benzoin. daz
dipolge 2 R qﬂﬁ élag%?w?c%eﬁio%%?%%ﬁen?letween the
ends bﬂ]:lﬂtmlaaztcﬂr;ﬂa sysrizovis adi BRebayiyebeozbhei anokigl portion
of the Vér d tyd eag-@' ﬁﬂ&' c¥JentF§obEd9h¥| dipole
azo y azal azo adl azo
antenm@ot mr@zmqﬂltqg&s oﬁfnythe p%ap@l%&tﬂyﬁndﬁypﬁzi:h?l dipole

anten®¥d M W ogied nvd p&i‘hﬁi‘tﬂ@é' Zir Ryl reQHbEth%' between

I soqui nol i nyl",” ci nnol’i g ht ha 2|nxl EU|naz |ny ,
n+-reguiaikalithyio ‘aHeTRbl P11 | YR 0oryPot AphsBRgl D04 and the
NBD alr@d r\ﬂazxq} Ydma11hj am&iyd'olm@é hitaz 6 yencexaaabkyk, electrons to

eron [3TERY Yy A G000 OBECLL o BRBM UG, s e 10
to remﬂ:arﬂamesignmtplre:(@@kywhi\s usetihheférat abdlewad_@f
elect%qp%u{%eergf Qyp reﬁfﬁﬂeﬁssyfﬁé heeebpsaam @ﬁeorsle@adap

neans group used er ei n, am_ noal k
sourcee s qlrﬁecfgrr%g:uw%rlw(mctl%@Fe9ﬁ5ﬁsléctin§| Ryiectron

curre@&?Nt Lisfﬁﬂll&fa eLI\rIEI Fgr%nmuﬁ@riyﬁtr&@gmsghaﬁlgr @%@_m of the EM
- a - or - a - e 1 S
wave . G G S Sk AOEERR RS RERS 2EURE BagH SEPSORS on

the pamamo:taltl@d ioardatemat Bvn wése us®Bde héi eeatioar bdnylachr

sourdf SIS, S0, A L0030 4 CaERDHLa oy

the p&mﬁmmtdte &N dr - cahba*ﬁl@w aenAbourat §PBup the OMH

r Rbkyk ngntbe
SourC%s ,l’?sc C(e(%) rl\%lgdoﬂr’b - C((S?ﬁii%w%é OCwlﬁweﬁe R @H‘E%‘alnk)é "as
MaledPéf iGHEE Frei i DRER Rt %l%ecE%‘f”é? ?@‘5 E fhe bﬁoﬁﬁnter

of thel@dRe \é&}&r@u& J sTHed kcyi? Tyngoal Byb s aﬁtenngyebyl is
or. et er.oar | n ereln. er
deSlgﬁ)ﬁy‘Joéﬁ B ity ﬁ%aa]nﬁ St h% @rr"'oupg% R F0SLE ?gﬁg I ug‘r 0

wave ctmatocmute&majémﬂ heseieslgmé@atdlyremams théegﬂ.d}up each of

e I t
o e
of theh&M ivese A@eusgecrereeﬂeveﬁ h'HP%aW(@Rift‘h@%n@ft héegpéaﬁent
from rﬁj%@@ﬁ(&% Qg %@%ﬁé‘ﬁﬁi@@c@ wn@ﬁéux@é thaxyof the

di f I uor omet hoxy, trifluorong (g trif roethg and
voltagee JiETREQGRS ﬁé&%lmﬁgraﬁew B 9f rESRLSEARCEr BEpveen the
junctidn S ﬂﬁﬁeﬁd'lm-afeijhlrbn Hﬁk@pﬁh@ec@ﬁﬂﬂﬁtih@ gn’oapn?P)blecrtlon

erein osphonat o neans the group -OP(O OR
of t%@&'é’% ’%ﬁo‘F&Een or alkyl. As used herein, sulfanyl
or thiol nmeans the group -S-. As used herein, sulfenyl
dm suflifs nydnfepns then grgupre Sthe pAscusfdehesbincture at
the <:'Self'l’t,fe01ny41 %Sdfg}:ggz e 1§9_|2_s aﬁZNﬁﬁeglﬂa@iSkntoSHNa‘E

e grou reirn, am nosul fonyl
discussats fide h@%ufm G 2Wr¢\s3 usetél%eﬁleeqftr%uawaﬁwts in
sul fanmoyl or sul fonam de neans the group - SO2NHR or

R is hydrogen or al kyl, cycl oal kyl,

—— SR NR)2—here

' In this Béripliat yhdnyaldevi@iraghires @ diolretimitao @NHD 308 didebsedind lgueﬂethmequlred
diode is referred as “NBD 300”.Similarly, when a device requires a diode similar to NBD 600 of Figure 6, the
required diode is referred as “NBD 600”.
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As used herein, thio(C-4.)al kyl neans the group
-S-(C-4)al kyl . As used herein, thiocarbonyl neans
wo bmogisep - C(S)R, where R is al kyl, cycl oal kyPCT/US2005/036398
het erocyclyl, aryl, or heteroaryl as defined herein.
As used herein, thioether neans the group - SH 2-~ﬁs —---
used herein oxycarbano means_t he_qgrqup NHR,
the djpge @W%emﬂr%ﬁ%ns%vngﬁﬁyw Ehel 85%@00 £o the output

chanREl e(e0ayc) Ybutpay! ch@ﬁn@Et eosar:yl Rastdefiered theid®iure may
s descri erel contgln onge . or

be PrgREe 1ol CERRE of Sn hae, SFBFEast i aRbIGIIC el the

NBD haauannawsm@yvmhthgdeaputheeqahpubnehsnnel thus the

elect%qﬂ @fféﬂt?@!)f rﬁ?ﬂ:ﬁéfg QL%EHBS% QL-ol 3¢ %e Inéiesat @ ctron

SCco I nvention are t vidu
outputss@nnef p@- coﬁ@buﬁ@%mpbﬁre@@n@eélﬁylﬁo@WMQEQH)aS shown

in re@tlamfagldal(féﬂ/)g@@oaﬁ p;[?@ﬁgl bi bpat 8d ek X %%rrE?ﬁ: from
|nvent|on also relates Tto the co ounds of formula

electmon iNAYL owe el )°Pa EHPVer BRt CERy BT APLILRESE diemg -+ DY
reglogﬁsl ygrwpm CFictgpLE]ﬁ@ app é@ﬁ:}?ﬁﬂafmg f:ﬁéﬂﬁnttbﬁmltas s\@eidlonls,
no I n e har nace | u a em
throui S Do Pobl SRSt Ry MBP- 300 gk, ERPR PHere
the eﬂaqﬁﬁdQ/qﬂmu@mhgflﬂesnE@heueotrpnrpﬁtpatlchaan@ﬂomo3
Thus,I wcq;érﬁ{h féfg%r@%@ n;g%é gé H E\Q tahS %ﬁgtﬁg %)r%v1d1ng a

reparatlon 6] ounds.'n one e
voltam stdj-rentilem, V@h*éa@m%%%%u Heg NBRonpetingesf electron

inputf @A 1902 (éﬂd V@Fé@’tfbn @mtﬁ@taéﬁahﬂégpgfb@em Dt power
sel ect from is a 8 gcllg
is ooldeanae Al o, e T oS, Chamar L naRaUsRag Y GRe BRch

centexUb®D taff eghpvi tdicioaen®r Doteasabsttiruhenk®e supplied by

the dgRUSRENOSIL | e Sel EALECLLLOM AL 40, o BHOPPUONR B cnds of

|ne carbo |ocar ony nitro,
the amifiegina .t Mioetdrernat s @M@lmep’c 1h6wal kyl Famunr@s 22 (a)

and 2'2\{b)/\156(1%103§n6gm1ja123;n ., sul fonamni de, ket one,

ehyde ester, hal ogen, oxygen hanaIkyI
-al k hydroxyl or

, .C2- 6 al kenyl
@léflulif@xﬁl OIS %eaé@ aJF%IY%x}y 0 |‘t‘?6 1&Pr?n8°nnected
in segdkBoYy caEimEIDMg éﬂaécotr@yam@tpﬁtléhmneneumyh of

recteterélla]c la%%%onﬁll%% La{‘l‘{%/ Jdlplé a(I: %Q?/?flil\f?% o¥ Yectenna

arrayllaoalkymhﬂﬁrupnnadthn.ﬁb@ﬂ&mﬁé 2uray®, 1o8lsahfiohyb2 may

e <o, SRanh e IGREIE Yo BRgE et 0B Bufka0EHe v
voltageoRPEWHen GIMHREIRN Vi E: reiRNReY "0 andoplectron
outpusl EHahaRaousI hydlrrpms Fannsr, sefh@:pﬁiaﬁdlé regtt8fna arrays

rou conS| t|n dro hetero
may bgy og vt AV S gAY oHe ¢ T SLbReR: GRal is
N timefst hh@nGﬂB]D‘ vadrtea o, v@@d‘é N (ﬁ@j(ﬁe Gray kybsityde okyteger

- 6al k j |
greatfh B0 Bk P R T Ondl b eerermryarrays
1101 endhéﬂ@ﬁoa@w'be%rqnnbdﬁédumpg&ﬁMExemhfp@mahydlogénthey
have @i'le6§| lod&ugmgb%éﬁt dckﬁr@lé@@r&?gﬁn% Iﬁannels

5 or 'R6 is ydrogen or
1103 mﬁcﬂléés@qm@qﬁ%rtqge@eﬂf anhieleptzen @mﬁ@wecyannels

1104 BBdand o6 dRGRINRIG HRRYASRIY, Ga) ChrRtOra NBERESE URhHiAg
R7.is heterocyclic or Cl- 6a|k [, wherein Cl-6al kyl is

twweoﬁbﬁoﬁamrf%@i AL L KR 2 SR BFrAORH,
-Cx2(C1-6)al kyl, am no, am no-COR 8, carbanoyl,
asr bapmall(n@dl b@lajvkylan 'NE ad vl i e, usred Clapt@etédﬂt o4Rd

) | k Cl- 6 ¢
rectll} a é%i’l % %ﬁef‘a B ) |goon%1 }Ig/gJS%bS}?Yt ut ed

detectmngryhdmnﬂmuyﬁyxngrnany(ﬁlgm.ﬁm&ﬁqéncxﬂEMaW*®a$,
hydr oxy, hal ogen, am no, am noal kyl, nitro or cyano,
heterocyclic, -(OCH2CH2)nOOH3 where n i s 0-400,

- (OCH2CH2) nOH Weg§8SHITBITE SHEET (RULE 26)
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0- 400, or -(OCH 2CH2) nOCH2CO2H where n is 0-400, and
R8 is Cl-6al kyl optionally substituted with one or
worene/ 006324 CO2H, - CO2( Cl-6) al kyl , am no, am noaPyT/H81008036398
car banoyl , carbanoyl (C 1-6)al kyl, guani di no, nercapto,
thio(C 1-6)al kyl, hydroxy, -(Cl-6-alkyl)am no,
|V(C16alkyl)2amno aryl optionally substituted on
e £ £icirart Mt s wpsadE elovettionl RFPYiCESA dpyLce for

deteé“tym X¥ha had08er: 1 AF1 AL oaptnpaliy! ushinly ¢y &é&ﬁfi@as of

et erocyclic, OCH3 where n,i s .0-40
the EMW%J#@*% FESChABBSTEP IPBERSEASOSRAARgSTIbLe to
use ﬁ’hﬁerﬁ pover Q:éh@@erisﬂoﬁnapbmicatrh)odyrrBIthhofad Hirsequencies

t th
hlgheﬁ IS narlt Ef)rh e(ral niSRggg‘V% ﬁaa?e‘fggp %%% tt Il;,/lr se élc finds
aplefcradmchysjrng@pweﬂﬂmm%n%g?zﬁlonsﬂ%{m@%ilde
é’-%ﬁ@ |
rangeagg?no SI n%l tan ousf%ﬁ dr oge ° 43 ane) d

R5 and R6 are each
visilslks e]elfﬁdtff%m‘?hyd?@ééﬁ emrew) kyffheNqu%eam gyendnpn may

_ be ui‘ﬁfflzt&? SSNe f’é‘ﬁ@sﬁeﬁpbhgévﬁﬁo@b -Bénis»raliseptical sensing

case,the qt her i

dr ogen or 6al "Fﬁ s .
and Q;p’cfzfc& me tyerkst o ﬁt P@EF?naR%naﬁac%rt TS elemen (or
rectérﬁEH)GS@m 58l ghynsiee Hagnaayunhaﬁel sfhetrer doyot i A or

Cl-6al k wh ted
rectwq*a%rr%a%rcanrg;lg o?g%é%%}#ﬂdc@fc% ?\%ﬁyj )q%éﬁﬂj e
rectamao: ROt sar bAheY) , eeghbarsyEpgal agralkygan be different
from g@@?gévgpaarllrgg §§P$95 bl @5. %e@) 3l |é)‘1|d 1I]ydrr1qgg/ rectenna

am nho, N, -al k @:f rb%/
arraypm¥ ore |19r%%%‘f—| %Bt’@&téﬁnaFWlﬁAC[tﬁ current
flowfﬂg4ﬁi&mlaliﬂtﬁélKﬁpmt kydnaxys b&|Q@enrdmﬁdnha elements

oal k ni t cya het e clic,
to alaz'g:-é} Whet aﬂn?%s goﬁh nlﬁqgeﬁ_'re g gfully

depléeddOre@ion (@l—hﬂC}&Bpn@@Hdinlwmezp@n@qt@d) -“pd;heand

antenr‘;?a' s Cl-6al kyl optionally substituted with one or

nore of -CO 2H, -CO 2(Cl-6)al kyl, am no,
am noacyl am no, carbanoyl, car barmyl (C 1-6)al kyI
JThami R @2en@er efpRoJaPhits( €26RaPkPPLehpmteRna Jimits the

hlghé‘ﬁ@ & ﬁér’?&@n@nder (Jﬁlbh6aaklé¢|t_)anﬁam (@, aAMdctenna array)
tiona e/ substjtuted on ar

)sé tWIth one of. 1or.e of
REESSAt EAVRRFkBRyAKy GPER T Chal BFER TGS one
embo@tmmtaJ kylgaplése dipoyanentheher asyeshioen -ifO8p and side

vien 1)t de TR "ok R AR DB e e 1 s Bagge "2

be used anotderimphodiRBnfosf gapilesEndénpilen antesma i ghich is
furtl%npvéii@%%@n@é’ﬂ&g of targulatbhihbl: d(e's'dr):.ﬁ@'i@frﬁ' s shown

I's heterocyclic _or Cl-6alk wher ei
in Figuees ki? (35 apdi bR4P)y SbEBPELBEd O @HPM@ G 1200
is cOhne@@aH oo -G 2(6bs6) &bkibd BRI peregiiond G3Rwnd 54 and n-

ceos§8) 1B FeardagT R ety b ob s R D S e
and b (o NBOKYL Fo2metdnby arykgaphi Sbaking sub:ﬁg:tqnsedilorand
52), y%nf%wﬁé hshr? neeleétgg{lelﬂgugltéﬂn#é g}x 4:?!4“8@1’161‘ side. In

al ©gen, —an no tro orcyano,
othehewverdsych | necte@@alzeﬂig)nﬁmt;I—BZ\Qﬁeﬂé ﬁqr@e@i koo antenna

1200; (EE%Qﬁ%B% %Ea“%ﬁbﬁt”aksag é@@ctebn (AR CHRAMIFRCRI two

nis Céﬁotlonallaf
NBDSS@%St@@EP@E %FtﬁnoﬁéegﬁrﬁBrQUSPut gminal voltage

dJ_ffe%&@lb@%\gé%ﬁgthé”blm@ct@%n@.ﬁﬁwtaMe&@urﬁﬂr bﬁm)t ; whe

ar pano ua nmerc 1 O .

elec{'ir%ljlaP‘R'gPUth%F Wax oK &5 oy FFarene eleher ©1200 is

provid&d- Eyatkwéiﬁmrﬁlfnﬁheawlltages across the two NBDS.

Thus, dipole antenna 1200 has a resolution of two NBDs, which
' 12
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optionally substituted on aryl with one or nore of

Cl- 4al kyl, C1-4al koxy, hydroxy, hal ogen, am no,
WwW@pionoad3ky ! , nitro or cyano, heterocyclic, PCT/US2005/036398

- (OCH2CH2) nOCH3 where n is 0-400, -(OCH2CH2) nOH where

nis 0-400, or -(OCH2CH2) nOCH2CO2H where n i-s ©--4006. - -

Typical ly, pharmaceutically acceptable salts are

is tWisle: tidi Fearl WotdR BE dbpAbE BYCERBAt PN§ @fe Figures 9 and

10. WHIFPGHNGM Giaxwen@;sm@a& bAVERti aRtwnhl , apprerd Afe
aci ds or bases

|t th .
dlffeﬂﬁﬁﬁ?zﬂﬁ<ﬁf??ﬁ? d@gﬁvggﬁcﬁFSrFE 5C|%Sth§&r5&£§ﬁ
voltagasiaﬁnﬂﬁeuappamutb and3|ofathg dppogph@nuenna(hranpf

t t
oppoiBANLACLG SUel. a5, 250RG! bE 2AED Rk Bl AL AL e

I C acCl enzolic alC or CIl nnam
posltsuﬂfef omlctm dms,hb hhage pelertzpes Glponiaduced dirom the

inpu [\gﬂf’ee @t RBD&- FEl-aakd sueh I@%l@ﬂaﬁi&e Kdtthveen
artarlc a géran05|dyl aci.d such

NBD %ﬁQﬁnﬁQﬁu?ﬁ%uﬁ%F%ﬁn@a ct&r BRFY SPRd; acgﬁﬁ:¥ﬂﬁ%F NBDs are
provil®i £ ectEéi Msuaci dhenodehitc Na@sd prdzlﬂiliié Ga

e o L 8 A bIRLEBE  R CROE e cn
the dlhetpresenipunvendnoal ar eoathds anttleemplhaFIWmem‘amai |NBD
serveasccae aab ect:c‘f:’f{efoélllzguf??umeeﬁ@&eg ¥nhl ea.:t Cc_{f'ﬂadfg]e H&e

aCI an |1 norganit c or org anlc ase,
outpuni MED al'ea%lsa sfrerced @epéeﬁ@daadrag@m ﬁélatarﬁﬁﬂﬂ%?’ts

dlreé\{'ﬂ}pneccg Porh B Y a . 31@1§19n§09”1n89 Q)Ee LUBlld Alsy)an G(fdgwet NBD
es such as plgerldlne I|d|ne?n%ﬁpera2|ne and

becaqﬁﬁptm)qzlmere%@{ @%@&Qneg ng:aq) soectlon is a
forcdplesedi £¥yidn( Crhe, oabgual (\I%) 3s Tt meep.an:ted to have

a fo:;:c('ﬁ]cfcﬁ ﬂ:gtggL%ﬁ;g%%faghagg’%g%%ﬁébﬁilto %ﬁéo%(n{hi Qﬁment of the
presdnit | Jnvent rophak neceufprakty NBDEepasbbe vapd. oﬂnélke a

forc&cﬁaré;ggic;%%tl C%h e 068Ul 3 ﬁb)lv—f()!rl:)edordeg)llle't)lorprr 1on does

actlve nmet abolite of "a conpoun of
not et by e %lact{qm)carrepﬁ pE éPra'aﬁﬁ’aHiﬁéeuﬁft?am yregion
of aRCOgPiRtED Sehh 19é éhehaet ababhntEorard deeltdiridpaifion or

use of the c OSltIOﬂ reati,ng a-kin
2 Forpad B RTESr BaHTN | nBRt EBACPHo PERAE Ao ar Rt s will
bulldr&ﬁ“élépt&ommeyEnfmngaadkbmaseamﬂdd&ﬂadE¢|bakﬁanrraptenna
subj ect |n e a IS g :
et £i M il "I B 0L AT BERT BT RIS N begion
of NBP es@hitis nfenceédndeptetigdsandniaNo®ef gsedr &t iafy igput NBD

for nﬁ@@é | A B ! H@sg§ﬁenﬁeﬂbghbﬁa%g %@'—&Eﬁ%é@i WHS 600 is
a subject 1n need thereof Conprisin adn1n ﬁ%ﬁp

non-§QredR &em}eted ANGIP_Y PEeUSREURS BF LRPYHTC
gap 1eT§1§ Petheehd Udé HEgn COTREI $e$1gdmepllszttea gf@gtl@)frish&)f input
n ective . anou a_conpoun ar.
NBDS(?S OYW?gkoﬁé%Tl?fe ?lﬁesﬁiynESQGF E%I Oa%bepfgb
salt, active netabolite, salt of the netabolite or
dﬁmpqph&senofhbheoEMlanhedﬁ@ewmomea midichareme .ofAsLhe

en%lae

- ant ex%§§dh£]§r%1 nelé@?rgﬁr %Fg%E%Ct | %@ %mlémconffirg{(d}ed’tl'@ﬁnsthere

rom about 0.00
is orabxown@ouurr:gMg @@umayf@él Ghe pateaap ‘Flﬁf@tteémﬁ &0
rectdfgh U%féméﬁffﬁou'ﬁﬁ’é 9but-be BressRictirdye Rhir@RAVI NG IR p+-
I C50 (50% 1 nhi_bition concentration) of bout 50 gﬁ%ﬁ{
regiopgsat sbbeitend el Bhe| 8a§enapofets tov gt
(e.glP pM &g i§§556aB@UF1éuﬂ‘M op (k9sandalioub)0..5 Meomagnitude
Iess or about 0.1 mMMor less.. The term "ki nase
' as used hereln i ncl udes, and i s not
2 As disiissvil belaiv, the tey me-oreedsNBR Fefesy td @ MBI havifisg avidilels opaegien that isgxactly
equal toherdeplefion @isith of the dorrepnoadine QRYUCkiyiYy Wawan ahowl P Jppstion of e same
wmm“%%ﬁﬁﬁﬁgﬁy such activity. The term "unregul ated kinase
activity" and "inappropriatié protein kinase activity"

cpr casi on or SEHERTUTE SHEELIROLE 28
expreSS|on Ieadlng to unregulated ceII prollferatlon

o o s o,
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determ ned by procedures well known in the art. The

term"unregul ated cell proliferation" and "unregul ated
w@edobikased proliferation activity" refers to cePdT/US2005/036398

proliferation of one or nore subset of cells in a

mul ticellular organismresulting in harn1(such as

A di sconfort or decreased life expeq% :%é Lg
of theuFHEFEERYEEHOT EHENIRME FLH I r o r e 10ef P RS se

voltafBdbatred réinzeased Itlheﬁlf}:}és)j.fsﬁaha:é dseigetay teéhgdsction of

contenplates that t unds, 0 he n
the pFRyERLCHN 5F%t¥ﬁhfﬁﬁgﬁi%€5f At e{%%fu #géﬁtégagPﬁg
gaplegsemaMEmm@ oﬂhmﬂﬂd(uuﬁhagp@@tuh@ihmﬁm@@e@fs§ﬁ§?6ﬁés
elemep&:sg IS5 qq{aﬁe%%esc 3{ z d&éi?ﬁe?”ﬁ@lé‘ﬁ:w@" tBodtther the

iSof, 2 acut e an ronic [ ammat i on
1nputOSEQmam@ﬂrKﬂi§haﬂﬂnhﬁnﬁnﬁﬁﬁﬁ¥¢ﬁlt?% d%@ﬂ%@lﬁﬁcﬁﬁﬁﬁﬁs

elemehEVél?z'o@n 'T@lgafbiﬁb" iddrs, r4nid | phepse! e6DBaGe Ppasthghnas at

ravi s, di abetes nellitus i ab t|c aP% ﬁathles or +
reverggy PigSat i Ut ?ﬁ%“ea&%‘g PY etinaf™HgLE on antenna
55 1sp5v(i|t|hf1@1r a:tﬂll(m ,irdgid afﬂtiﬁialjey boved, dt]selas’eheovoﬂln'agle

u ceratlve co sea apspl: ant
dlffeaﬁnﬁzgznzn ed},vatr} aﬁdecnt?%lgf ﬁ éfﬁnngg 85| @

rej upus roni
raisepan@ieatd fidrss, Giacslmadlla s:s@rpal coghb]@qz EM waves may be

rectlffllga'l()&roql 'Jﬂt(aatsuceﬁ %Hlﬂé%ff&ﬁ@tWﬁlbl\{ewékénn@'tsﬁéﬁﬁévable

sorders formati on gsor|a8|sh
by ot@@rmmaqﬁ@naeczflfnwovs@bow heal hRateRelY | Rephegtifigathe n-

type %%%Eﬁésl§xﬁtcgé9 %ﬁ@&ﬁ@@pxﬂﬁmm@s(ﬁ«gi?ﬁimskswaadaﬁe in

ar ki nson' s_ di sease ressj on_an
flgur@lﬁ@“@dlng@ﬁﬁq%i?{ﬁﬁﬁ g %da¥%uﬁ%BP%§e§ucﬁ %%e %%g%%C%lons
of P- Q@@QEM$anﬁnxkﬂuﬁu¢tcameexspuheﬁEDandWhenktwangepéess
antenﬁllaéeg Canclernsédqﬁeaesr]i CANCEL S wfeﬁoéegé%hrﬁeQBﬁr Slistance D

e cancer gastrlc cancers eso ageal cancers,
then i laodwemoia aress Mll@p@!@‘i?r%t%aiﬂélﬁﬁaaaﬁélnﬁﬁé PPRe 2@k gnNa
as dedS39HA! efh At hohpgd ess sHehadse Uf‘ﬁégi‘hl@ﬁ@dNBQH at the far

roliferation, tunor gromh or vasc ation _or
ends R SRIIP SR ISR | FRE, BT ah iR bPar PR ankerng -

type hHﬁ%ﬂﬂbHéﬁﬂ%ﬂnéﬁﬁ(Hhéymm@o®ﬁsputoEBDbaindtheaseater of
the g Ip r%lrlfaﬁg)a}djre ener at' Ophe dééSQQESOQEpEgeN%ﬁr &3+t he

Lt of AAuRe a1 Se2s6
gap antfeeaia.ons (such as cytonegaIOV|rus) heart di sease
(such as henangi oma at heroma, at heroscl erosis and the

lEji??)ﬁe nepi [id e f zhé’%PfaV@B@@' aALaLE9AY Bdh‘l@%@us

opat hies (such as arterial nosis_and t
gaplesisk P lm@rorepiasotary- d.%%‘a%%%a (Lefh ag rigtre "%2) witn

thelralﬂe%rpgéd%la?é rléﬁ?echﬂm i @Stérﬁinﬁbﬁpbbﬁﬁébﬁgﬂ together
resulting fromchro |c 0 pul nonary _di sor.
to Eogmy RUR ALy DU AR ERG LilHrtad hEBRP R EFRPEE L te!
elecubdnﬂduhpuxIﬁéhmﬁnaﬂsremmmedte@asesfsnmhoaSpatucbannel

S cute or_chroni ¢ ofEel, UL Qn 0
1301. 1i.)sr 4G t}éra I’%éer?% o%%%%?%n@gg 138 EBHBbEltéd in series
or 1qﬂpﬁﬂﬂlﬂ@%ﬁ|&ﬁCﬁhQWncbngHGﬁEP hﬁFtlB?Sﬁh@WﬂeﬁalFlgure 14,

elect‘?ﬁ%ﬂ t kélgz{‘rere §®81 Srapdctbanhi KE):ayTle OQeﬁ@

ering respect to the neth
connqat@rérﬁelrmblﬂ i W)hth r@%@%r% laPHjéaﬁgaFB? t Fé§13|

recte’a\ﬁFA I ofad§ ng%@I Mlﬁdﬁ@l&'ﬁgmétglsﬁﬂﬁée dheer debwan to
ndrome as descrj bed herei mpo
Prov%&%ﬂﬁ?#%%HFyaﬁl%%%%%eﬁh%ro QeﬁﬁpxaﬂaaSF Bgogpﬁglnleldual
rectdriel Qﬁfray\dﬁl C'ihd\nhléidabbmlrﬁusl yrbeenhsl Uﬂedeﬂ\etzhlrnnt heput
0 of the inyention al bei t |
e S P LUCELL SR AR et SARRSLL G3Lbog) fron
formimed rmqsnﬂnmcrdeoradmsn ateni pgnahienf esusee ampundesfirable
voltagfée &Jép;ggrlgecg émgfrg{/ g@Prlmgﬁd( bhcOEnALCaFRAY tl'4@@ can

ment thereo ferent tinmes duringthe
course of a therapy or concdrrently in a conbination

form Such neth r tically
adm ni stering a%?ﬂ?mgﬁhﬁeghb@'n%% nor e
conpounds of fornula (I) mnth one or nore therapeutlc

o oy o, r r e " o o
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readily convertible in vivo into an active netabolite

conpound. The term"active netabolite" refers to a
woredoalooddpL product of a compound that is PCT/US2005/036398

pharmaceutically acceptable and effective.

Conventi onal procedures for the selection and

preparati.on of suita rodrug derjvatives
be CORBSEEFHed  FR AP HATAIber GRC bY OBy bPHGs chagpels
1403 bindBmmd@aafcdmeEiwlmget]r%s arideetechrbaubpeput ahannels

.1405 8 atlH Ltel gglcreef erdc,g %Pec treﬂ'g’a{:wo o'fu%% Yame

e| ng
rectenhservaByen ioy p@mﬂeﬁemrcmdd%ﬁ *F‘NSReof-h?oﬁurrent of an
pti opi ng a di sease or disorder or
1nd1v§8§gg Ee@é—" sirg%eéiﬁlﬁl sorder related to unregul ated
CDKact|V|ty The term "conposition’ sfzrstg
BPBdic Hevdifteai MY 28 dd Frertdprelen: elprémarpd nput
may bES E)QBv@@e@l Mﬁ@&ﬁlﬁﬁﬂéﬁié@st heappessf redtenna element

ients .in the s ecu‘ anpunt
1200 pRagROE e PG CEeC A TORRT FhaPRc By RrBmE
rectesinah eclemmrrtatmamsuocﬁlmdre specipuedNBRgesdi ent gurt[g)utthéIBD at
cif el Tl | 13 fers to a
Ewo eﬁ‘%%ducflt T or ‘use ﬁatgglgtt?%fno"\r’gg‘?reﬁég?gt ilﬁg%l% i‘nase
Altermadiiayedd ditsorHerave xomldi fientiqRempEr B 3chieved using

eltherp'a%feﬁ%%ﬂﬂ Gmﬁliy @C(?eptmbd) eélreéﬁa%he pokeed! ABD (e.qg.,
entities and n$05| i ons tha,g%are

?:Jf fi chlgg NBD
53), pdrionyg dfP aﬁ] y(¢ oF - ul¥PY 2 he@POr RUFREEON Y (£-9-
57) . TANRASie Qib:ﬂis,rr&ﬂl cecEatnodfeldeept essntfoirmeenbyomrdmhna

t ha V\,hen a i at el js e I
1200, B2 S SHBEPIL 3 e MO SESE o, 10,800, G on
electmmmow@@htr elm:mnml Suml@eort@t%BIhuhanguseN§6I PAi c&lorand
elect(?r\é%lr g.\hcgv L{#e&ﬁ @féjcyf&?ré\ﬁl@%ﬂtu§@rﬁﬁﬁa§quélr| ¥sne NBD

[ of

n the scope resent i nvention,

(e.g. apﬁl&&r@@éutﬁ%w%ﬁe’%@btm@f%ﬁ? BN aEABREHETH dTPHE ude
termi®alORRRSIdONES [(@djcanemd 5Py eokhelebuldh output at an
vet eri nar se. The tern1 ‘conbi nation therapy " refers

elecﬁﬁ?%lﬂ?ﬁﬂ&ét% ‘nore conpounds of formula (1) or
conmposition or nedlcanent thereof in conbination with
@m@hmssnnenﬂénn&u&ﬂnm@nagbmﬂ& ¢ollehbst cuarenist beftwgen
the eq%rg% on? r&ﬂg e&eﬂ gié]aa?ﬁed%%SgggtsﬁﬁggrsA?%@her
vantage TacTiTtate the u a reduced
gaplesist egttiepnal (bfuwelmpwoﬁ@ﬂr%ﬁ nQEaCPFyeRkd/ imilar

to ga %zﬁt‘é‘%{naaoeém c ?&@@fdirﬁ’@%d‘%@tﬁé‘rf @ﬁ@&&ﬁﬁdaﬁ ba@r the
he treat nment ‘of a (gj:rtl cul ar géggu ate cel
o)

preseptolinvendtiPhr di Rpekt . arhRt |f'sl§ e8ht éﬁpFQPe&nd
side Whalvst R mrmméwSz@tax hirsd | 2V ein} j onespachévedgd As shown

bef t i t
i TR ) RO LERIES 2 BB U o
2200 tics @imermid‘tmfcaptamtam B nf eruseédoy opt regi oasCbRO3 and n—
reglorﬁe%ﬁ)t ed £aNeal s %ﬁaé'iééé LE&8h Sgephe Hseflihgit Bﬁabne side,

torregal ovi rus enot herapeut1 ¢ agents I ncl ude and
and tavr@m@tBD i Fauree thy aprt Fe@HeR 04 caRgeRr §CTARRE £4N6r

formﬁ‘l%eratns'el(é’éﬁ@ﬁ(' ﬁg@nﬁérmiﬁ‘@l bbﬁotﬁeoﬁtﬁélr' s:Lde The NBD

proliferation, ion thera the ik
Forndl ey QHGPRDI 5 HhcARarHe: 05 9A( ?28 "igya rectifier

struct@fx@/erﬂﬂ neh't ek e £ wfé@mnlzmsahndnn li:‘eglon 2204 can be
f acj

h d f
a fo TS TR b TG SehsPe SPBLCkAR GRdiep: The
NBD fHrendeoy "p-ackalonn220krapy f-regeosst 82a2t hlerlap)% t hat
elect% “ Se%ﬁé;'“&ﬁ&é‘&né h?2§§lbj gr?& fng?/ﬂ aREQEﬁQBtEQ b an

1"at'ion resent inv I on a nethod
NBD, a‘:ulmfmaa é?BD\gGQ)QIedmmeedd@ﬁ-’p@‘dndsAoFeﬂ‘é?ﬁﬁlaae@-P)ﬂe@lt
conposition or mnedi canent thereof in conbination with
radi ati on therapy. Proceduriés for adm nistering such

appr opt i at e scnSBET FRERE SR (RILF R .
sinmlar to those already enployed in clinical
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predet erm ned anmount of active ingredient per unit
dose. Such a unit dose may contain about 1 ng to about
waoderg3nf a conmpound of the present inventi onPCT/US2005/036398
depending on the condition being treated, the route of
adm ni stration, etc. Typically, a physician w |
determ ne the actual dosage which will be nost
includest abtenhar 23A 5 n@rvicd@Aat 1o idRutade TR ineE | 2pdr 1

elect%ﬁhohgﬁgﬁg%erﬁﬁhﬁm l@itd cﬁ&ﬁol nse dtfllé‘tﬁtb@@rbycubﬁhectlng
pati en armaceut i cal f.ornu ons may be are
n-typanghapneps h@@ﬁ&dy\ﬁeﬂu%ﬁ% S *pfha’?n’é%?l e gﬁgx o
Flgurgazobea) ?daﬁz&edaf Mearhndnastarxaelt Imlpm}gﬂahybzapfponpecaneg p-
or_exa e
type QEBPPﬁéEaFY efoplcal¥?$£hﬂq¥ ucc JP %?ﬁ%ghé of
rectehhansdemealt), avagmmﬂneqﬁﬂdnhQHeqheﬁﬂQmﬁn@he output
termlP%Pr gney 'te%lrﬁ%mét]]%@?é?}’l_ss 47 THRSCA & ©bgether to form

a er mal recta or nasal route. Formulations for
the rerc&knadnkairgf-ati on may be presented as capsul es or
tabl ets; powders or granules; solutions or suspensions

F&‘g@%telS s%bmfso@a@ﬂmt%ﬂnallﬂﬂfay@lifﬂ(me aatep360qui d

comnoflaihens o ettt o i sl Lo efbbecnanness
and o@@puni haaineds rEe hpretdnt debtds mcntwemsarcfaefans The
sharlgéls%%ns ?DQJSC an?er gi%uipocy%r?elssoié“él%‘ﬁm Pﬁsfz'@%ure 21 by

S Oor ol For nul ati ons
inputt c@awerlmmo@?dmrm sutRuorchRndk %%en%%até?ers 2305a

and 295387 %h%p%t %11%%1!%@0@51 SO F B30 9 namathnrate@lons 2308
contact Wt i derm s of tqg reC| gn& ég ﬁ51n this
and 23001 SRGes TSe AR IHONY HEoR R e S2phgr JBsing
type @‘i‘mp@lc&falfc:ﬁ.tﬂgolfpr@b&d&f i esegtiear densippodesbgneproviddng a
nmas or ations fo [
way tﬁr é.glé:r‘ﬁeé‘lée A éﬁ%ﬂvé"dﬁ%ﬁ‘&ﬁ{égﬁﬂ QHdnglst%

asal- spray or as nasal
outpuitnc| e -gere oes tEmNE | At X8 | G @#S@H@ea@rr@@ged in
paralllre]eg.r edi 8L a5 2 %Qﬁfls—%mﬂféc{@i@&foﬂafésﬁhess F£8m
thé rang@}of about 20 to about 500 mcr
USlngF@r FOrSEiCoRBT G iSHE AR FEFRIHR FFT5eRt edH8§’ef’Fﬁe using

a nonP&dricelde NHIS e ile VB S a1 S e rwcbffgea’eiahed Thyperform

means of variqus types of ter r
2 FulJ5r638) SO RdTHTEE ORI Qi e EBE nb aL SaCaFPne:
antenyagi2al4 aadmdnizsteatriao 2 3db kmq:h esemedt astpess aepégate
tanpo S, cre + 98l & ) r5%0 & SREAY%nt 2354
23053 % C qﬁﬁé?ﬁ%c 1%?6% %é%u?%t?ons adantggn?or a
and aMreamer.ZﬁSMmaﬂlstanmtfr fed LRIeSSREDE] 4Ad~>2 which
n-ag %Qﬁﬁ]i?tcﬁ{a{rlrfel meed i on sol uti ons which may
conne%%h?% # ant1 - oxi dants, buffers, bacteriostats and
sol utes whi ch render the forqa%atlon i sotonic. Wt % ¢
ull-

BCEOFBNG e iM% RIRPIHGT p%ﬁﬂeﬁﬁukﬂvgngﬁan'
wave HITHEAFURAUS ¢t efdr & e usqiehsvadsusdmg hamayBDnEbude gap

suspendi hg a s .and thlckenln h
dipo 1@bﬁ%§ﬁﬁﬁ§gof Jﬁe ﬁFgE%ﬁ?a fVERT |%ﬁ9§$éfﬁh tal'Be achieved
u51ngphﬁﬁﬂmm%ﬂﬂﬁdﬁd|®B@wcé@¢e¢¢@&3@]t@ eBd @mb@db@ent of
prese%q:mslr%rse] q} ﬂ“@-ﬂuéwoﬁ é@lf’f %1‘.’?&3{ S¥At ngacﬁ'ﬂl%k}ed by

ar vesic ége uni |
usingyesitdiess aanftblmﬁdlman@llll@m fesred BDLKEogorre%]BPoéIOQ) for

rect:.%.ef]:%r ngd,f Ny VAr£StYe @f oPhesRhebipbdsnBpuUGR .35, NBD
ryl am ne, phosphatidyl chol i ne, , or choIesteroIFuIHe

600) cfmﬁaam:gcmn P gbbER  FRREFTT oNiBPLEhaRFenna.

wave Mﬂm%ﬂf&{ e RCEESS abb easlel ¢ Bedabyahsdnbetwo half-
del i ver ed usi n noqgclong antib dISS as.C %rE%rs

wave pge FrayF BF L0 HRY cblipt 2 RAEBELEI &

presditd VitBrentaisori ar get abl e drug carriers. Such pol yners
can include pol yvinyl pyrrolidone, pyran copol yner,
pol yhydr oxypropyl met hacryl a%i dephenol ,

pol yhydr oxyet hy .
pol yet hyl eneoxi ?{% rﬂ? uggt-ll- ‘Igpé'oEv%et)h pal m t oyl

reS|dues Furthernnre the conmpounds may be coupled to

o o o Y
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pol yhydroxy butyric acid, polyorthoesters,

pol yacet al s, pol ydi hydropyrans, pol ycyanoacryl ates and
w@ewss443enked or anphi pat his bl ock copol yners BET/US2005/036398

hydrogels. In the cancer therapeutic field it is

conmon to use a conbination of different treatnents to

cure cancer patients. Therefore, the antiproliferative

Retivifi prdsticned ureseiaf ddit Ehereceenad afsbhg present

J_nven{:tﬂg;ﬁa[?%tyo K nRYidleNWal P 1 GluniBd €5 CdM@r t $PEst 8CHEDsS,

t t Such t [, t t
acoordeREered By CHECSHTTD oIS SATRRET af SSPREARRr albese
NBDs é@manlr%fdtdtfll@& @fant e icwindcisd Tonpeneas, Theperhédel or
both. tonﬁﬁge&tﬁf:e?p Lol 2SS £ %Ogggué{gfggeggs ha_#fdibkeRnna

i"on era i ned a ove | nclude
can beULged,f fleadindt iwnaigwxmaR:Mt epginguen the

er LI S6 Bh A S8k e8PRhAEOl When the
requlfﬁg§g&eufﬁﬁ*ﬁ%ﬁﬁkﬁﬁ%sﬁ%E|| cycl e S§e0|f <

inputc verbeluer a-ﬁel}’talr@-%é’fﬁ@lrrh@ LRI 91 ﬁﬁ‘f‘lﬂsfi PeRRtdy e glas
voltag]@t ReGQRN\ 4 %t KED)S e %ut;ﬁi@pﬁélﬂ&gandft anNBO)StIﬁ@’) be

d |itaxel ,
highea w%ra%e&%q Srput ofiAas 1.2 iaebrREL A5 Trb P el
valuedNd iy nat atd rmita;lmttlveki_:égego;f ehadnalsinme, can be
ralsecl% & abl&gﬁ IIO enurv&hne t uﬁ%&??fﬂgr HEEhQEEgéﬁtl@

1 oguani n uorouraci n an
connefdtlﬂa@ff cNBéIB(yurSJdnm]@rJand mp@@tméu gyrreng. ofgagnignd-enna

e nEbBsaBbnndctEy el Peraillel.
can b%%lté?%p&elﬂ}%égp%%%%l P&%Iié n%?f‘?re Sngt cI [ mlt @é ©
I

By vaalWylatiig agaitts (L g29e hekafit VRS 139}&%’1 e ‘the
EM re'@dé?ﬁ?é@rharphié)rmédct(@ﬁ@b’osclhﬁmam‘ent needs and to
nechloretha carnustine, |onustine, dacarbazine,

achiewg shfi LR (ﬁ%ﬁﬂ%&??F%%% oxal i platin); antitunor
antibiotics (e.g., bleonycin, idarubicin, mtomycin-c,
(R@dﬂiﬂmemrstnhnnur@$|@f ther Bl cRAteRSt PO PrERENt

Licaheereagert saltichudini@dead of
lnve%? |ﬁ1t§%hé}r§%§?%sterone ea- dlhadroreductase

NBDs .ammmqs Ye.qne enbhediBePHeyL HAF; Pé???&&eﬁ?"@éltgwn
Other A { &Pind USM d&NtineBhOXI enet tyobavidkene bardk diodes

od f t t
and tanad doedsm o Fe. hectSrder, FBITEES) Ris, B ny
devidrazad esoﬁmbtexaagmséeh&ta]ahel endregtngn( eng. pias
dlre%tlclgqtug{n 1] ut ar@vﬁf hbh&@!eukégkg?neﬁ'ng;u@i&%ﬁte@ @nRe

a oni sts and antagoni sts g.
des cryidsesd edtbqnvelceen:@tvel‘amml theobfraey; Oﬁeﬂiﬁlliso Bpﬂteé‘ltﬁé’é’e
|nh|b|tors (e.g., marinmastat); urokinase plasm nogen

aﬁ‘iév %ﬂﬁcﬁ&)&@ﬁtwﬁ%se@ saiﬂhbbh@ﬁ&totiymlatﬁ@m@ena(&e.e

ty Ibitors | ecox gen
n-typeé mrbqitpn*gya@ém%e%%g) ak° E@iﬁcéﬁﬁth%E%E% Oﬁ Rt
chanrgépavt héesse rof UPELd0B1i bABILbhi ghers gohdas tiivie bietterislic

to wt h f t |
mateiﬂ%%fﬁg?%i¥ géggﬁt%? %5951 wF?e?égsand arc‘%ﬂi erm
intepfetehed Hetwaeﬂ glemthohachanneé@epmdranh%naﬂ%ﬂ
espec%@%%i{)ﬁ%ﬁ i Se gﬁégg%\ognlﬁgﬁﬁg Ol +aRet a2 'a Oldi®cussed

ors in addition to those
abovelescri bed in the present invention; and other

seri ne/threoni ne kinase inhibitors in addition to

t@fﬁge desen| Qﬁgehﬂat BetREegeBl cichRfaig@Rt ithevasd at a
omonly used drug npiety is selecte from ﬁf [i.tax

freq@%ﬁ9V0@ﬁ@§%ﬁte@FoEbEhdétSdS%§Fuﬁpﬂ aﬁﬁhe the &30de

(i.e Pl Beérgéaggf@ag @@@Q@E)Ah:legt @klcmlﬂawmaﬁ‘lem;y into a
conpounds for,us the t t a

D.C. CHAFRREbat MEat e BB PEPAS CIREt e Thorar i Refiinents
conpounds sel ected from EM Rectifying Antenna Suitable
for use in Conjunction w th7a Natural Breakdown Device

pppl cat  ons. ThE eI HTRSHERTIRULE 28)"! 2 o

conti nuation-in-part
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application of, and clainms priority to, co-pending
U.S. patent application ("Co-pendi ng Patent
wa\ppbiocaed on") , serial no. 10/963, 357, entit|RCr/UEN05/036398
Rectifying Antenna Suitable for use in Conjunction
with a Natural Breakdown Device," filed on October 12,
2004, bearing Attorney Docket No. M 15617 US. The
of theoPperenty ipedrticdppigadt iR hr @b PREOFBBr BEe@RY
size B¥drah&r eMedd,N drics @i ivetproBagkgrioyndngf ahhenna type. A
Invention 1 . Fiel daé:?f tq’ﬁ | nvent | on.glrae Qrgsentt an
rectepRGeAETEY GATREES NP Endtyy edhvet T SR BEy FES TGNy
elemeheet i f ey pardsenmae (Varectamnae "ot limphedi tol ar dipled e
resent .inventi t n : rsi
rect RS 88 Ttin KUnIS (e bl BH T Sract ot halt  dneoy o5
descrébedt rbcale -edarqprdisindg @ araiRopduePeFt defi Ebet pagesent

- | fizes nars Bl dadi Oy f regueney: s 98akma21 -amplitude,
1nven5§§§8lﬁsg on of ti#eaRel ated, Art F)IYJ_U(I:I?G 1 %ﬁowsa? el uee

high EGeEBRNCYerSEnal|thdd CHA efiteh cisofujtable for use
in cof§YeRticaNali g JrEiony i @steve s hthi ed@viigeadescribed

sChenati ¢ representati on of conventional _abrupt
above; BTN oife 300 SRS SR o g B gzl BRbaRloun
devicepnwentixpial irprd jheicivw ore ciadéi 190t ¢ nchaedesbpdimgintn of the
101. -.region 102. P-region 101 may be doped, for
prese@)%arjf%]g%,nrkdsoﬁ'g a p-type dopant (i.e., electron
acceptor, such as boron) and n-region 102 may be doped
Gbengrasent yigurempan (9LRCTedn PekYPBnOYoRolYPSUARILON
as fuldly PRESRIUASIhen Nad WSl abregiohunst Heplbebeet its
p-f.egi on 101 and n-region 1]&?21 egw librium due E&ﬁghe
respegitirg: BRgeT it el G gt e cBt Dot eAt PRI ¥t 1PRS
dif fefregitons tad 41he ih fdnisi formd, chlaapges cadimensipesy. , -
el ect.rans. and "ho ) e en the two regions deplete
Condulcﬁévéﬁcalregse ocrgr%$%¢e§1§i%a‘$loéﬂr§" depl etion regi ons" 103
and 104 in p-region 101 and n-region 102, )
Fospeeeisaslity inyrRrrion strieired 2 aBr bppej aRcPréype region
as fuéﬁgf TR QN "whd e i A1 XPr&Fi 88 p et depLe€abonrl@e s
and xn for depletion region 104, with an ext ein%l y
respeckigSe HAIN T gk C\?%’c‘re(fs%'t D FINLEi BAY 4PEHFTen
di ffekespeaiated jalhy imhare fsrms, tdeapdectdivahsions,
rm.ttivity of sili.con,.qls
conauBRATAFGR? (% GRNBIAL IS potin Ty of FRelpyand otner
paramgtiectsi oay e arak B drinddrenttamhhy concaabiaveohbeofiesired
5’ egi - | dT&SRRELE VEhYwn ABeSBOWN £
resulilersVFi &3&&%@%@%}%%%%%“ S shovv% theWSOI ?age \% °oF
NBDs gbppss ned i | U dtanATenani PRI E | caPcart sakhphg, such
regiohBe a@eO%l%}Jrgrmidéa S0 SSL Thler Pat | ScHhoPosd 8nsPoWNThe
in Figure I , when vo]Itta e V. acr.oss the gn.{cuncthon -
presegleNYPAHAT Aot FIALY AP Yreltr thafSVbresgehveR the
dopantt kendditastnlchy dtaged)-homdgepaopsinct i on i s
strongly "forward biased" and the diode current ID
%E%%%d?ﬁ%“%%“é lléﬁﬂgéfhé$@ gflﬁﬁ@epyésent invention, a
NBD type diode includes a semiconductor (say, p-type region)
that has a width w, that is less than or equal to the depletion
width x, of a conventional abrupt pn-junction without an

externally imposed voltage. That is:

18
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When the voltage V across the pn junction is | ess than
O volts, but not less than the voltage Vbr (the

w0 broeakgown vol tage™) , the pn junction is "reR€r/BE82005/036398
bi ased" and the diode current IDis very small. Under
reversed bias, as the voltage grows in magnitude, the
carriers generated increases in energy, leading to
phenonena such as tunneling and inpact ionization at
vol tage Vbr At voltage Vbr, the diode current ID
becones very large and the di ode has "broken down.
At breakdown, the magnitude of the average el ectrical

f'g,e'r% o ”%8' {cﬁep%&e%%@faaat S rAGOSS: 1t eopnsiyﬂeshgnq is

glveﬁ e enpirical expreSS|on ere NDIs e
the chegger off am%msm, S Pne Bivedent™ | ivekenbral of

the p%r \indes o, " 86t Bhy "Ng aBteeeHa aop@ﬁtge&@@c)erftaﬁabicﬁmfof p-

verting power, fr enc ctromagnet i
regtopE) MndEs T AT e PR SUTTE Lk SReraptlcned above,
when AGCer 4] nget & ong, eMMmMHagﬂonﬁiétneﬁHEfEmNtonaenalnon—

an antenna generat es rrents fromt SQULCES ¢
forcegd ﬁﬁé%%ﬁ%ﬂ q%%ﬁeﬁ%ggd%%%?d%bd‘g§ gﬁvlnc%ﬂent £881on
is refavedd tichesan evregedndeplotedntegigpe semni conductor

or another electron source attached to a maxi num

ql e PaiNty ogcl?é}nél@fugnf‘@pré—;t,‘@nﬁgﬁbbﬂegfc wisbe ko of,r om

bot™h "sources | ncreases the gomer out put ,of the

accorgimeni®, anfereByedHRe RSP hgt PRPHRPERE & Hv§é‘|rr§|oﬂ vi B

showrPfird tTEe.Lgfi‘ﬁ:te.eVHVJ‘ NHD 230 OV ROV eS| gﬂﬁégléﬁceodl agd o -arerion
enbodi nent of @&5 resent |nven |on
C

302, lW%ﬁth?ﬁﬁq%ﬂPl TR ﬁ5|h% %Vé#hﬁCMals less than or
qualCQﬁ:neiHeedietpi e amtweiddh kg offhat C@rrtm@memlnq téepfi &fefeon

widt Sir?oq'ldu % %J%n as:[ggeéfe J:@ﬁv%ﬁu.éﬂgl f)hoﬁ%&tl%ge (A

F ward and rectl ies t

e ant enna
semicpemrcitos 1agide havieged deptekonBgHetts (tléﬁ% 1s less

than rt@f@ Ad éﬂ%ﬁ’ﬁﬂér{"'vﬁh@tﬁefgﬁtﬁﬂe S@@QiéE?bﬁﬁiﬁlgv%@mﬂ)conductor
ant enn The di ode and,the ant epna

?rn1a rﬁﬁtenna. In
type dife eRSSHSRIORAL tRle HRRSEHPR | hvehEFfGhEHa
hav:ergec’aI|‘fﬂdk&iéd3rdé§l@6hd>1e&7e\dldl’shhg tbe dondeasThethe width of

of the present jnvent S
n- reg&lﬂr} mrﬁyo& t%“%jr;g%%ejc %r?geégg%?g%ngﬁg#r g;‘} %i}%l to the
convaritciraneey ejesidt 1o | repien mawhnfﬂhﬁv%w@£g¥@@maﬁeaand
conve\{'ift%ltcﬁI il \Qﬁ'y AP { GAL§ PBGe NBY @&n QHlebnd 1%@ enna

S I'nv t|on A rectenna of presen ntlon
concerng radaliis e, Qe teEPoRreRk ?ﬁp%@eﬁ%ﬁ?@nér énﬁf iPfle 1S 2

forceld t&éﬁl@l‘%&?%@l@{oﬁeﬂhC}ﬁnﬂé@i@ﬁ sethnahegy-region 302
_material science, device

ndant enna_de
havingd aiath B HpRERN | Fim (4% (HPTT dthoncP Rt hafSIions
303 &ah 31© recedly esreiscogtsath BoratliewntBD :BB@ e dent

connedcﬂ:uecgtl on | Sef,llgé;{:)l I Cg:!k_){:gcig EMalt ?3?% ggg@hlggggg{c%gﬂt%tlons

in pfhﬂgmnnﬂ3ﬂg/4mdgn—regannn3020ﬁr©fSbﬁfhédeﬁkﬂﬂ high such
that Sécg&ce{#{se R Qb@p§§% QHIqlEOHBHEQEB% (g teidteregion

I mgl ng sensi ng present |nventhn
303 dnd GHl Taayse | EpTRSneRPropRambLE, by GepoSiting a

conventional interconnect conductor, such as aluminum or
copper, using conventional chemical vapor deposition
techniques, or other means known to those skilled in the art.
P-region 301 and n-region 302 may be formed in a conventional
silicon substrate using ion implantation, or other means known
to those skilled in the art.
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Roentgen rays (X-rays) in imaging of objects, such as
those used to inspect pallets in certain airport

W@ adoeny43ps ocedures or in drug detection procede@EES200$1€36398
present invention is also applicable to chem ca
anal ysi s using flanmes and gases (e.g., toxicity

chabis) s, BOLLheTsESsl Ml (AL LA o oo ohe

procedur 8s
dOPl@GcﬁO%ePﬁéﬁél@gled The maﬁmtrelrml wz;dthom§)foﬁntctBD 300

may badaalappkiceat @Sy &b FIEASH .reflection)
Accordlng to anot her aspect of t present i nventi on,
&?Eura% eakdo device" ("NBD'). allows current to
fl(é ven Hoée B INBLIBT Mg t Neges | §0n Aapurgbion and
an nbregkdnwnfdavcoav@hﬂjuhah(HKBj@ﬁ&tl&@&ﬂi@ﬁ@gshehoﬁﬁat
| ral. breakdown i entlon NBD may
undegnpﬁg g@?g 8 .nt&telé i Y G 298 e’ct O]Fe(ﬂh%npt'l@§eﬁt

as a ectlfler on
depleﬁW@ﬁtW@ﬁtﬁoxbé@@tW@eSnghnanplahdd@ohm@h:f&ﬁﬂﬂaﬂﬁy n-region

has §|§ébieﬂ@gﬂe€v&8tﬁ' gnah s dBf g%&tﬁ%mz qe”“ ik af,l &F Shown

better _understood upon consideration O
in FH%%E?lBtloﬁhB§?oﬂﬂ§ﬁ@5ﬂﬁ@sa@@@ﬁiﬂnﬁrﬁyxﬁtwumgﬁoltage Vp

volt®rief thesephpehenoak it be Biawmges: M I $ "QH\E’L?] e

b lcurrent é é rsug XOIPa%gﬁgX&'Charé%%gflStlCS 0 éB the
ullEoh0ehet bRdf gﬁ’fﬁn £56n p- Fi Yoréags Jua is the

thresh@bdnﬁottagprEsenthbicbnaknﬁdwwﬁﬁIpﬁ“ﬁuﬂ&tiéﬂﬂﬁiéwb The

Fermg'féi\?e% %r ea uﬁED altsz%r?;ﬂégf I.G repr eseqﬂgé%nb%];sﬁlfted

tura omn devi ce
towarg ol preherovt lﬁ@ebr9§ehhe|nmémnm@mdqqymxcahdﬂmwwrtiﬁd

away €t | ﬂlﬂéhé%lpfﬂﬁ@fﬁmt be Ryl gEv'eﬁ v taagz%n\{fel%t%i i, bJI. as

volta e(g 1IN across NBD 300 during operation gure
juncgﬂﬂﬁwg cturrent-voltage (1V) characteristics of NBD

300 when the value of voltage Vs is not close to the
tRestmlecvod tagetdd vl, NBD S00is FEBErfafifhdh FSrdard bias

v UL RN EOL e B skl RS
is qule'tm cenlefied et Be0s sppliagd, bassordilhnggeo cel®es to be
fullyendidmy . ofp tr{'lﬁnlpéz_esgﬂtdéQY;?Q&' @%at{ikggre(eGQb) How ant

ype regioris

: éiﬂ NBD 600 that has
tunnelyng, QEgisitedtat! %@r€P¥W%§dVQ¥@%g@01§@Gsvdchgrge siterage,

volta@@&@ﬁwto@ftdﬂ}ﬁaﬁrﬁ%ﬁ Nha{ YE nébﬁﬂgvgﬁggggﬁh%né\]@)dﬂj(étween

N P oM T N S

appllmm@rn A2 )t heatNBIEr ovtespl i esl a/[qblﬂ@@ bias. vblgHpesi8
t f),Sh0 N?D NSD 820 each
J.ncre(ag)ed r%gn z r\gggﬁg ﬁogﬁlona egl r{?nee ernatep]r%tﬁﬂonof the

i ncl udi ng
NBD 1|seglﬁ§|are8=@1ed grwargisl tetm:l B22)i havely ¢fotibe ooneentional

pn juﬂ@;ﬁlt:t.:&glu;agr%@%n”@ltdh%nz%rat Z@r@t@%ﬁfged%lggevgiggge is
decregsed in this range, the Fermi level maintains a constant
level, so that a charge is accumulated in the n-type region as

the applied voltage decreases from Vs to zero.

As the value of voltage Vs is between zero and the
conventional pn junction diode built-in voltage Vp, the voltage
across the pn-junction is given by Vyx = V, = Vs. In one
embodiment of the present invention, the value of voltage Vg is
selected to be close to the built-in voltage Vp (Vs .~ Vp). The
width of the fully depleted depletion region required to
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Figure 8(f) shows nmultiple NBD 600s connected in

series at zero bias . Figure 9 shows rectenna array
wO@enskaidi Ng numer ous ant ennae (e.g., ant enneCP0&2005/036398

914 and 924) constructed in accordance with one

enbodi nent of the present invention. Figures 10-(a) - -

. and ,10. (b) show. top.and side.,vi ews of one,enbodi nent
achi ¥ 115 Rl BROt LR F 4t Fhémgap 101 FOCENAT SRt of
the pregett enmeentriay, 900eovakiguod ¥s, isnnatceedantediitich be
closPN& PO qiGlg e HESeMbod INER |85 thbIdEe sthe

S 1 d 11 cted in

hows gap rectenna arrays 11 an conn

Q3

inverddiqrys §if DELpowef Yeolfaitthontuspdwphgseleeteshto

accom@idditie chanaet i #d OdoDtagectenga aokayhbl@beidiation.
connected to. el ecérq}ngg t channel 1105 of réctenna
The 4GB BTG aE N80 ( Ay 0angmes nepichaRged as long as

the apgsipiesd iviehy, voheadepiantlessdehwinews. of Agapkpsaidiepob®ove,

t - ] n Wi t ne _e di nent_ of the
wnen SH S 00 ni1 8 PEPESECCE ) NeB"F oc PRRRETE v oy st Ve
a changs udi meewnelated gaphesBAnwvéhhae. sfedlees ¥4 showes less
charde® Q3R 8y SyAdE ﬁﬂg 492 geanget ed in series for

DC power collection, show ng efectrdn output channel
1404 of_ rectenna array 1402 being connected to.
diRdc TR "c‘h%rfﬁ%?laﬁb%nor’l#g& ¥nnaf aPTHE§I1201301 such
that, Fivgigre \ﬂ:tﬁl’tf@je tw, 1% (id_)pcfdwNVSoB rSCjKtEEBIB&d)ﬁard j-rggion 301,
represent ati ons vari ous zero applie
the WhGhS e T %Eo! a%ég%r]fﬁ’rﬁ@l?% %ﬁ@?i@ﬁﬁgdi éﬁﬁ?g‘gflgtﬁél abrupt
junctposs emppiowsm §oon, Rilygireidsh(s) nay Ite (d)lshbased using
t] ggfrp.t ations of various configurations of
the f%%&%%dieér@%pp I'ed bias voltages, according to one
enbodi nent of the pgesent invention. Figures 17 (a) to
17 (F}cTs OfY ¢ ematlec representations of various NBDs
at zeroel pp%—é%—wgltages, accordi ng to one enbodi ment
of thel prles®nt {i nvgntion. Figures 18 (a) is a
S‘@h‘_erraél N2EPRERE tlati on of NBD 1800 at zero applied
bi as J+9+Eage—é£—é%r ding to one enbodi nent of the
pr esleA®s | nveNbi on: JNBD 1800 represents a natural
breakdown Schottky~di ode under a forced depletion
condition . Figures 18 (b) is a schematic
Therer agreodheat ivarysoft NBR L31R R weras dmsivredibitdwose skilled
in th¥oht-age rrRCERdiing i & fbgdi gentnaf nBhe sppe -
(Vp _i\;l%?eq;cipps' I\? 9:81_0xréﬁrt:a§esnt se&aogﬁvaflirgafqb rgg?d%%?als to
ScHot t Ky ‘di ode unders‘a Sorced epl etion condi ti on.
Figure 19 (a) is a schematic representation of NBD
#0666 ahazermeapnldted Wi 86 ¥l £aUEtedCEBHEENASEAGORE abrupt
. ten‘oodl nment .of tt,he pr %l%gr i nvent.ion; %%%5000
Junct [88; SERREE TR NER bi POTRT (TR DM A HRAY el 8f be
used. unlee aifithc e mobeplled | o:l cohdtédonsikggdl €£&%ehh) jusicion

- LG r tion . of 01Q at_ze[o a | ed
epprof SHATTLNE, | HLERAINE B chle SRS Ty Ao SRBlafhea
abovey hepreseondiitivantiof; x\NB 20dDerepdesenss a Nabucal
deplebi8aKdawa i NRNLR! BRlAr JHRASISIYH NG d9%h F 9L LS i on 301

, nder a forced depl-etion , ,
1s referred to as a “forced depletion region”, according to

one embodiment of the present invention. When p-region 301 is
in a forced depletion condition, the value of V; is not equal
to zero. The condition w, = x,, is referred to as a “non-forced

depletion condition” and, under such a condition, p-region 301

SUBSTITUTE SHEET (RULE 26)
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conditions . Figure 19 (c) is a schematic

representati on of NBD 2020 at zero applied voltage
wher@s/o44ecording to one enbodi nent of the presP/US2005/036398

i nvention; NBD 2020 represents a natural breakdown NPN

device with one region fully depleted Figures 20 (a)

a respective e to nd si de.vi ews
will ?ggap égéegpQ%%e ré%tenna:%¥% d%Qgﬁgl?ﬂ LegoPRance
accogfiiRJoke éﬁ@&haﬁﬂﬁmhﬂdHMHaqnuﬁunhe|pwemembnlnﬁegunen

21 shows, gap rectenna arrays 2300 and 2350 connect ed

| Rhear Lh:et;a.oalce@ndllrw ltno e %‘;5 {}e?SH&ltlon,

SHow rec

entl ures and 22 (b;

the E?i\i‘ét B?evsos ?—“d@id*éé £8ECsi §R&E MectFf Peseirodned, an NBD
300 atthr ﬁhegpt—are@rienerﬂmdufrmrlty efedihia: o1 65&F e bAVEHLE QR

. Fl g 0 the rrent ol t age
reglg%agggtéglsglgg %of° %ﬁ%ﬁéﬁﬁOW%E?s?%ﬁg%r?§t
widtlyep§ howegkioguBe22 4WShmmsthhedepﬂeenbmwmagmyh(ﬁﬁ@th of n-
ak@st ghi c f eV 1S5 close to
T O T NPt aog- R el S8 (PR 308 iy Fande
from cigy Fé’ntlaﬁgletrad-'é‘a(q n - cﬁ’éllea@ltlérflegtaw gfn NB2 Smi)dth of n-

regidhhi30Zi Bgede8E8NQLRE G LABLEN irdk %@ﬁﬁbﬁﬁ?ﬁ%ﬂiuqd %ﬁ be
close to threihgld voltage V_th - Fi (%
Crea%%%v%a‘i’h%gcar FAE PtraﬁerFfJ?/Pncl;’é)rZacﬁ@q 3? c"shaﬁ MBDWhen

the SOemnalivbhyadegeappat edmabetonl adten 308 Ml tH9L M3 zero
i qure 26 shows

' hol. d |t Vth . .F
o) P88 P BB RL Bl el e 28 e
NBD 3ﬁ@u¥%sfgrll d@piétgdar@nEabmbsdamemarKﬂh&ﬁNBDnventlon
provfdééicé Uf@:.scé\ﬁt Be%ahétioﬁ%sﬁaﬁ?ef[ﬂ%”%n E\Or%%tl%n $90L%ith the

_ ure shows currént-vo
WplscﬁgﬁﬁcFEPPsﬁpcéﬁg KB® whdbh. 0@eﬂa¢ﬁ@d°@e§@@|mﬁung(ﬁ value

betwddﬁiﬁ#ﬁéeﬂéQ@eEWEQQNNﬂﬂsoﬁﬁléﬁbbﬂ@m@%&l@@'H%e invention
i pol e rectangul ar,

descriptio oses na
is a RGEHErGeq % El?ne?%ﬂgﬁgeopnlnggﬁé haprapgion 301 with
a wp eqnfallg[moampoasd( the. withb- difneRsicRyidin UL MDY HARYS from
W, toefgngthﬂgntﬁe sane nunber of antenna el enents al ong
ach’di mensi'on) , the present invention is applicable

to rectennae of other configurations, such as a
eI thsh ARel e} deagur @t Fage hasi hgsdi thenesernunbéts,

even Ofy antsaia %lﬂﬂﬁm,s ﬁh@n&cétﬂﬁuiéﬂ@eg' HHQﬂ;@n IB8axeq.

presen nventi o r ovi es an array of di
Thus, g‘t M&?e ‘ﬁ%‘}é]‘ég i %’affor%‘éﬁfﬁ?é héshﬁpvéettlon

eIectronagnetlc energy for power generation. One
édtyedinagnitveally t Heheprserdd i ow endim-oflor Se@h@epledi bhI¥EGion

E t 900 di
oinen e B 6, DA Bl UL apggone o
a congpgidesal( qre)d wek dan lﬁnChraeiJ\mtmgi sheledopams of
conceh@%b%ﬁ%sard@)tk%)%—qfegﬁ.cﬂyra%c? n-SOPYN9QLROL Bt the

ant enna 904, which inc
width of one of the region (“first region”) is exactly equal

to its depletion region (non-forced depletion condition), if
the regions form a conventional pn-junction, or further
increasing the concentration of the other region, such that
the width of the first region is now less than its expected
depletion width, calculated as if the regions form a

conventional pn-junction.

In another embodiment of the present invention, shown in
Figure 6, n-region 602 may also be put under a forced
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antenna sections 904a and 904b contacting rectifier
structure 905a. Rectifier structure 905a rectifies the
WG e@nakadeecei ved at ant enna 904a and 904b. ReckC¢T/U82005/036398
structure 905a may be provided, according to this
enbodi nent of the present invention, by a "natura
{ s .further discussed

depl?eiﬁg%vﬁ%%ﬁésﬁ et%ﬁ\l@d des\é\%](%)f)??%nde % &P8r P& B HLree
deplgbiQy draPBiesidibid® DeiBR" 6Q\BDRrbat)ona . natuy alBD can

h bmm@mf"éﬂéﬂﬁill QoS i pp Ei gur,
tzveh t&hdé4 %%% ,rectlfler st?ﬁi?% g&gOSthn%#fgzrﬁgces in

e KBS B a1 eef oAt 90 Bt Horegfon YBP. 600. One
emboamegntomfg%llmam@mjgm phedidss fal Ihcydnd?&l:@&%d d@pl%tlon n-

r ol tage condjtion this description,
regléﬁd%g e?ﬁo% (e%igﬁ %£ lﬁﬁagﬂa%th Fs)sﬂﬁﬁlérwﬂﬁﬁﬁ ot p-
regl@ﬁe3@ﬂdbﬁt®@emhe@dbglbar@erathaarﬂpapnweealyggggg@es in the
hi 8% at rgpty | 0 r_the sa

Wldtconce%t r gt@ |l%%sl6@l ﬁgﬁrglnaér eogﬂ‘%nPFE Elg?“ﬁ gpbggiment.
Anotheg, ggRodipgaty @rfcéél%ém‘m@dtqﬁ rzexgmrdéa@eaoforced

depléea:bnf Eehdsthuet @he 9@%71 rectl er k u'b?u £r than

nna
Xn ané% sldg}'r é{:}ct %gﬂa?fl o%%d{laﬁéhﬂa%@@ Qegm RedICP flaerger

thansxﬁuoam@rﬁﬂ‘i@ mthSOethHQMéﬁed bSI‘thV@J.@%ences in the
sent Jnventlon

w:LdtﬁCB?rgvﬁggﬁgpoegle@ogt%g;‘t é:ﬁ%xttég)e JEOT Uiy ¢ppodiment .

i gures
ThesqpreriebéhnsonfiedBBdare aadivfiadr enteaomwf diedast enna NBD
can ﬁ&GélﬁB§e991‘}§ aBH 9%&1 ' e ant

sections_ by he NB ys g&&l% oime re§$? P epf these

regiong| ¢an e%eoFlFE%ﬂ Pl épr§ﬁﬂu@1e@rl@t1§@chrmcgom v ot

forcadi| dapBepbbe asgesna 904 and ot her antennae presented
in the present invention operate efficiently include:
( i 0 c near zero_reverse bi,as voltage or
#%g#aggro d?&%r ?Bg YoFfgien Pi)nﬁg§gn@naﬁﬂﬂ#¥Hﬁepleted
undeq[ggrQ5b$ﬁ§ﬂmgiC&MBDy3gﬁehBSerhaglan|eﬂﬁa@&(aﬂfd¥ﬁed
de m‘l@h COREDL ] SR A n@Nsh URC i erse .bi
thp gct|fy| |n%uta§|ﬁ %F gogpgggug%ﬁg |W%§ﬁ£ iprger
an nprép &t OPRIEREd OfS & | %Q%'%MQ aﬁm&aihedrwmthfrespect

to arstasttoinif=A I@ﬁﬂﬂé’tﬁ%ﬁ&’s%ébt@&evﬁhaégeféﬁdﬁ%g 8t
Condltnput voltage is raised. A's Shown in Figure T (b),
q?’dlpole antenna 904 has a Iength L and is nmade up
fron1tmo antenna sections (e.g., sections 904a and
904%1)lelse@azaredfbnwahel b&atsenmaftatgl&e ian ady &hadn
of th g IS e one-hal f the
vvavge?g%gt htgl)%fz‘%r g BF for%%ngp t( ERY \RBSe tshafm, (i.e.,
anténna 03 - deS|gned to receive, Dis typically
significantly smaller than the snallest wavel ength of

bheiiedecs r@@ﬁgaﬁailgléél\/ﬁzom@s ot he QPFE%@ % Wc’%(gg

to receive ! regi on 906 o recti er structure

(NBIS 3RS ¢ %‘nn%%t@d ©eon dne %indE= Mekt to the gap

of antenna 904, to both sections 904a and 904b and, on
thélmmer Soddeard dbhasegb0bagl7appeawsl ¥ndaRed 300 is
n+-y, é%% O ophect, to bgth ds o antenna 904. A
rect enna eI gﬁ? ?E‘ﬁl’e" ' QP &

d) When a forward bias voltage applied on NBD 300 is

larger than Vi (i.e., Vi > Ven) .

€) When a reverse bias voltage Viy is applied on NBD 300.
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thus fornmed by antenna 904, rectifier structure 905a,
and n+- regions 908. Nt+-regions 908 of multiple

w0 e@ben3d el enents are connected to constit ut ePCTPS1005/036398
channel 902 for electrons. Simlarly, heavily doped
n+-regions 909 connect the n-regions of nultiple

rﬁ&&hﬁ:ﬁ?hgg%g“(%w% g]e =g re | on QOgEOf Cr ecﬁﬁrlé{l gf(%ferred

structure i'n paral tof
to agofhg eé?ﬁ@ﬁ§arb(n?ém¢é;rse:ctﬁmilsd’b)f velaldh anvehnagar e

diffésehatedsf yom § h@ré&ié&”él%ﬁgt kR@s ‘Bif Ofe &rfé;geé}f?ée\e/tezron

SO that each av\égnna may attain what ver v
regiglel FonThEIERPWAYE - i ndicd&mr et Hakowmt ighnshe Ndevice. The
voltaggi dn§f8R8naadbek@etnorinRp e ahkaing x&.ggz i HRVE1EREric field

h
and éﬁ@bﬁgﬂgu béb%gatcégg r’rﬁyvggofr eglraged bynﬁgfaw 'y

n+-regi ons
doped p+-regi ons. Wien an EM wave of wavelength 2L is

r Beki Ween bys titve sdilsultechriteriva, nat vol vsgetdi Vherencevy <=
Vs anHSVQJ eaf et hetypen t@§n€5@§ §53t BE RBHERDD S%%t ! C<):Peplet.1on

Rel ati ve to the anode por of the rectif
Wldt%t%fac?u%?%%?nt%Qlcéﬁmé#néf tﬁlﬁee@tsc-nee wisttenret pteegion 301 .

becaw®d twges satmahe eePposin & rNAsH 16 add e ok 0L 84 nESPBQS the
ri.ties. The resistances

site
secorhcgl-alf%g?g%ggﬁb% Fgei\at eRnB~§6912Rd Het-we s éht«ehﬂargeaesr
the Ramni heewWsD hetwsenythenbbpldhe ovolieagerdidderance
cans gtem lorig oy b0 Llovolh balPanians sl o Lron,
302 %&eaﬁ?ﬁs |%St’¢11éefapsillsdub¢esoﬁ70érte@ter Mix cmcmaseﬁ, the

oty fd REcstdicE 9 ur;Ge
seco 3{rron %urrent%ﬁdrgg?‘?nggﬁ é%egglggét%he%eln reglon 302.

Once g}GFr’éﬁf‘cPﬁﬁugw the t FRCanterRachectrd cnEgedd cll'f uremeglon

302 hefcdnes EMyayve. Nﬁmlsoalﬁégp@ﬁdguweat sha®ad @@Hgtéi%ﬁa ter
The

t.h n t he. of ent _EM wave
than ¢ ;%eocq:;%ﬁco eac‘hns% (é l%’la’ eF%cttlf‘Bﬁ g’BPré s 1t sayfyFable
for r@Qifélrf}tJmE higghdetmaed netghyls he Phasefaktt hesbineave.ime

| IS sconfd h urge Vi A
charddb g g ROnl] QS0 ey | SO SReRR (R ueiises
NBD comcegitss Winlpdavarh efﬁmt%%cm@mn@ecmmat thhe téet same

devicef nidte Ijﬁﬂqgr@%t@m%orﬁ@pggp | engt h D-of antenna 904
IS deS| gned t e much smaller than the wavel ength of

Wg way e %f tantenng 904 is designed to receive.
eal | ﬁ 1R ath OF t 2t BAnRe sELPPEnEColaa SRR 9D4BPPdied bis
voltakes ¥t hlaas ¢ hishavavidd enigteh ,0f0 theviVkwave) pei Ngonstant

c T g he current fr m n+;
forwagtl BufEinc, IR Wb Ylod MhE s Srina g Pib £AE0uSR ene
SUfflSF\eﬂéﬂé’n@@l@n@ePH@tmhmaﬂﬁeDmf Tresi depheel oot weadbht he p-
regiohuBoti @am@hi nishe hatnegi QN vaRe 1 r@f ;:gﬂ @tg 1?936‘ft enna

section of the dipole antenna. iguration,

ere hhe r tlflf_aLr structure at the center of the
di' 51 Fhght &hfa PR lde BB aS Maldra9® Yivaisdbsénsead Ve oand

the thBBsB6Qdofroffitggke (31e thwsekev;nranv&qrr%@ies déﬂ)l]stllrbn
wideng LR, 458G Lb%té's%%eemﬁ%ﬁc%&s@é{ RS, e o equThec
voltageodeopsaceabesr éteasieplBb 1300 re‘gmﬂsarﬂadud\é‘@rhpso In
this 9@(‘_,’;!1)&@ rgauhhes o9hade S.L'ergléa%fe c%rl\é%%t(iogg)roogorl:%nggrgal to
Viy flows in NBD 300. As Vin becomes very close to Vi, the
depletion width in NBD 300 becomes significantly small to
allow a significant current to flow.
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required diode is referred as "NBD 600".the dipole
antenna are shunted by the NBD 300 to the out put
web@nnedd2{ e. g., out put channel 903). Rectifi erPCT/US2005/036398
structure may be provided by other simlar devices. As
expl ai ned bel ow, the NBD has a raised voltage at the

out pu chan eI us the.electrpn curre [
aﬂ?gnﬁae a ﬁﬁEg&egtvgﬁ EF%n ButPhEte ﬁaﬁﬁ?lqg6§§%éid

voltége é€kaepleViorr=aVei pol@@rﬁ@@ntaoadushsmurmehect enna
array 900 of Figure 9 , an electron current from

e t i gp nel: .202 fl typ t .aN
o565 USRS SR e U, BRTILET S, w0 300

the é@@gﬁﬁho§e8ﬂ ﬁsreﬂﬁﬁ8§gﬁh@héﬂmﬁ1ﬂnﬁfsﬁﬂﬁlﬁﬁﬁeréethéas

volt 3R88casnd fch@mrbb%l_‘r%et ke releant rl%ﬁéaé@élts%%ﬁnwany
ctron gutg gannel .903. Th rectenn arra 900

LinegrlV ol edntRon, Lha( FEP) ShARASITRF bl Toiea ¢ 803 and p-

reg1¢me3®blaagethermes1BhanNBDbdmweﬂnﬂtaﬂﬁﬁnﬁCBD4n@ﬂa n-region

302. channel 902 and el ectron out put channel 903. DC power

is collected al ong the N-type channel s di agonally and

each center NBD of gap rectenna. Extra el ectrons are
sUbbl ¥eenpbyevresednhéaseans N8P RAYy pwastatigelas a majority

Ro9eal by abithe s & h T r
carrice’énbodl A by 2 b1bE Irﬁﬂlgzl b8 nt; gn %ﬁﬁdl%% %ﬁﬁeﬁé%fom

as aRRMFEArFY. 2FANgBPELEY € aﬁée.reaeéfﬁf% QOWAr @ripiased.
The éﬂﬂ?cl@bﬂ@etmdsl ofsrafjesiby camieeid I@ﬁc%:tdw @y@ﬂ@élly

n f re ctenna arra lto electr j nput
faSte 2&:2}]61{1 %‘ngcg e%ﬁaogr 3{7 f%?’ s c%n e'e‘ﬁ“e
rectenna arrays 1101 and 1102 may be seen as a battery
HEJIWEe ad vost agelehaefi shewcuerend NRDsws tvemj ot Wekh)

charéﬂﬁgﬁiéﬁhbﬁpéf R’BBNBEL, 1%9§na09.f46¥%1éEE&Htﬂ&£ to be close

channel 1106. In this manner, mul tiple rectenna arrays
to Voygy NGD &Pr%éaréocqrtsﬂb%\ﬁﬁa@r%ca%b{l@erﬁgvrﬁs guygenigéehen
1npuﬁfﬁﬁlﬁégélisnﬁég&hfv&BEhMObbﬁQQCﬂMﬁ@ﬁWdﬁdﬂﬁuﬂﬂéﬁﬂUWhen

Qsitive inte re ter tfhan
lnputo TR RAT vt v aF fe gnah“aysq\{ﬂg%owﬂ%f%y be
neglMQth&nkﬁbk@@eth@rr$mtpuhahlEhelblaheyoﬁ&wgdius:hnuween 0
utp | ta h,el.ec tﬁﬂﬁ%ﬂ an
and v%i u@%%ﬂe%tg r?%%ét gﬁgaggg%léﬂpron ou q% I#%%ﬁels
aPPllbeZFCarﬁ:p NBB, corpederbet bget ﬁ@glonoWé% dogsd@ptcehange

as ldﬁ@”dﬁlﬂﬂ@(ﬁbfﬁﬁ TaEENG £ Ofhandkhdkyl Babr%%%EQnQ%an the
expl ai ned bel ow, ﬁn NBD nag§be used

dep 1 IRl S EeTT RRTSATiRh. {1 PRABALEPETaRE 45

J.llusz&(m:re!?li ey VEidpyreles fexfmicbig Stnchv & eﬁhef yemgt\iemhhpghetween
[~E C vese | C t he e vent..on

oo ERDO R RS UG e USRIty Yo S o

Wherep@ha'hﬁhaxp¢KGWD@mweﬁﬁpﬁethenEwhéphcusuaﬂsbashawa

Figudd therto 4 w@tftsfa&h@rca Si 9%9559 Ugftggﬁl 3%F&§W

conversi on i catlon SUC requenci es

charaqigr gt a4 SQEII%B%p%Q,Q'r Lwﬁerrh\és plrf‘es'%ﬁ‘\]teq:t?%n’w opef vedy
closeam@i vGat WPJéS:é B ROWRH CONVRITSIOMH e+ | RS LSl &Qnﬁellng
ng %é_W?ve frequenci es, such as infra-red
is Sh(or"ﬁ) Y Lot A S ghtaR V@t tagel Bptunengd) voke and Vs.
present invention may be utilized as a fast response
Bhotoores exmgaydineroptiloal wiseitsi iy NBD 300 p-region for
creating a constant current is calculated by the following:

1) Using the IV curve of a conventional diode utilizing
the same materials and doping concentrations for NBD
device, find forward bias voltage that matches desired
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and optical networks. The antenna in each rectenna

el ement (or rectenna) can be any size and any shape of
waeehygses A rectenna array can be configured PCE/US5005/036398

many different rectenna el enents. Al so, each rectenna

array can be different fromthe rectanna arrays of

figuyr nd 1 e tenna the pr.es

|nvent| oesr%]tgo(?rll éf‘ra—%]h {ﬂﬁ%ec% on{’s}lggﬁ%é nf SFC5wi %ferc}Tﬁss

al | g i‘Vaput Tbhanhéks oblthger @thé-nrbaa éﬂaném sratlaneal I

the out put channels ' of the rectenna el enents. The

f 21} IDetdant i9ted. 1 &Gk 0Bs o&eﬁpet\ﬁ&u Baflr 8¢t by %g%%ca%d

to the antenna.. The presence o in eac ol'e
ant &Y 97 i g} r%l%rl@h@%%nf?%ﬁ%ﬂgyoaﬁ&eﬂlmecnSablased at

r ect\@ndaté@mlaldcﬁ‘(iherﬁ‘caaparlr)ay)ﬂﬁfs tdeen P& SeBhe through

i nventi of al'ICB, L, OPerat e. uﬁcgor g Lo one errbg

gapl SIS 1ol € ant A S JS%V\?] ASYobcafd P&é’nvpé(\/\éhose
i n RBikgudesl In (e andt 12T 03 w1ai’e]splestWyeI y. NBD 600

may be used as an input NBD for gapl ess dipole

aff ena, her eds<b [

dg ai l eg%srgm%[?lilgﬁ g p-dlLV\i I n %gﬁ#g{s% g (Jy) detqermlned
12 @B Stemnt@nis By o’?h%ilfpﬁﬂ% maeeRhal 1200 deping

CONRREicRet tire i h NEDScd RS methhyl pdi@&é06§eé3lﬁn§téfb 1).
and nr egl on 57), formng an electron output term na

NBDs b -regi on 56
i 0 P B e B kR o E D SRR b i oet Yol st 150 i ARESing
appliednvias vonlthgeobhewesndd. vbitst hedd werldsigen V&Q;trﬁil%l

decr§g§f@ ta&gpge?sbiggﬂengg?gngsggat %Oggqém%4$§§?% Fange.

I nput™ at” "an el ectron I npu termna
Rs t%t%ﬁ&lﬂaﬁ«dahl@ﬁe&@%‘éﬁggu@pereﬁéﬁm néhe Kepslit dgewvel of the

devidh fd&s ncse et g\@eﬂhé’eetﬁéesbaeﬂdbﬁpubl%%&%%a'fl%fl% the
el ectron output term na e rectenna el enent

decrepsfs § s HPWeYabd ¥ ePhEkguﬂPBtll?ﬂebe‘élst ¥§d4 28 Sesramses
over thie NBise ddmse, di pophérdntteodri20@ibasl appes@isUtitOfhe

. Whi: chj h | uti. f..di pol
cecofloby L BCEes SLED 5 LUEE e CeRRLIEN St anle )
regiqmpivyesh grenthitnees ehnainareas¢ agetipfitecenséngs a change
in tH eadse belyeen the @HQSbPést%ﬁFéBEeEEaagﬁ% ‘i?;:&%%%%d

at the opp03|te ends of e antenn
this fiiqd &t %#CthJe%ldel%‘éCJé%SW t fecantBanaprpavedgbineg

voltawlnedt@nemld Bt@é/ecleé roR thew-haducedebeen
he in Ds because t

t N ou he
field F & s’i %Ogs vteté%ff%éb =5 1%\?10‘3tﬁ%"%ﬁ?%nﬁHrSSHFsst}égﬁ
The mexdinum ﬁmdhagmtadxﬂ&;s atlee ptrtm\m@le@llé@trebeftémd tLprg

T Pr. rec ruc

roxeTRE OB LRSS B O NI AR, fiyins -
POSltllN@utbl@ﬁaﬁ’ﬁéltsiqﬁb qlhel‘]%‘ht%ﬁﬂtaﬂolﬂré mlpllt NBDaseevesse
curre®% @ rectifier structure for antenna signals. The

out put NBD has a forced depl eted p-region that

cts di rectly to antenna. NBD 300 may be used as
E’ter? WEHURE (e Rresph 1heentienebas aoforced

depletth@nalaioelma:ﬁﬁﬁtdrol’iﬂﬁe@cfrﬁrm c&ma@%xﬁ@ggan %@ w.lth
ses WAL MOS0 LEGHLT P! SuURE, B RS SRLS, o
completely cover n- reglon 302 The behavior of this device is
the same as NBD 300 described above. For the situation when a
forced depletion condition is created, the depletion width of
n-region 302 covers the whole n-region 302 between contact 304
and complete depleted p-region 301, (“NBD 310”): The behavior
of NBD 310 under condition (a) of Viy = 0 is the same as
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present invention. A non-forced NBD2 may be used.

Unli ke a forced depl eted p-region, a non-forced
waelepbot43on regi on does not rectify the el ectr oPCT/US20051036398

at forward bias . The n-region of an input NBD can be

either a non-forced depleted region or a forced

depl eted regiaop. The forced de t i nput NBDs w ||
descritd SHotF oot ThnsDRRePoPRars LS BoH AT et tien (b)
when rlect efma<ef Vici eheyushas the seme fer ded et etbove until

j 1 : ' D S, f depl et ed :
the o O e D P ar s es T st L L orf 502 is
fullyedgrfetedr APB3OP neachepsceanNBDiEDO (i3 PoH-doricedVm =
vs. deR eleedvand my NEb Uty @sdén EORELENBR (85 2593ReStine as

rectenna design. The fully depleted regi ons of input
descrN%ﬁsfﬁ%%‘(ﬁput NBDs are directly connected to the

ant ennae. The phase of the EM wave deterni nes which
éfitbrofa tNED a3l @nia basnantebedhr serdesr eot a lduddist source
. canfj [ there | ly_o rent saurce for
(l'e't%g éal%i{e%af){?%c en%%£%?8$e§ e%%gggﬁ‘%ﬁeﬁt ?’Oitﬁ%e appears
acrossp Rz 10 elSHgigoNBRIr3@htcordupbspeurregtont aeviemse

: f t t j :
msasol e, on gogg.teat 19,406 LARUSeHBS e oo o

P

CUrrgiy i QUie® MO I clisSeUCHef oRL2FhEUFERRLERON- f or ced
NBD refers to an NBD having a width in one region that
IThexadMBy Flatart optbeidephesmaniwpdshtalret Rarrent when a

. .GQI respondi conduct Lvi ty pe.j n.an_abrupt, P-.N
POSILINGEHSH o Oqt%]a Sand ggﬁgnttg%&é}énf‘isaﬂogﬁiéegf &+ 0 < Vo
<= Vst¢ursenapprilied ele qerteari oregiion ddd2r MiBRABOY che also

: LAGe 1 I GNGe siL St agce we :
J:ec*:ljyﬁlcj))}rlct_i o,r?llo‘f‘ef ?lhe p+‘-regi%%§aglg'%hé gﬁNntﬁ?Pi'ng\fhaéﬁh%%%’a with
the capaliditof eathepipingscharganactrrenpe ¢oVoage dfs,band
condu@tinh Pfa s eheresht St | Searat boathechBDrectify very
hi h\(/ﬁ)ﬁlta e, relative to either the mgut %rgeral or the

9 N MG dTPoe? r Bet ehRG BF efBAR Y2080 THe and
negathiBle carl tragjesesiautgllt. vol tage for signals at reverse

bias. .If the voltage induced by the EM wave on antenna

. Lo e ¢ | - h _

TEeE SRSl DY e LEPEeh e BRveh Rn, BRpvides a

forceql aw%r@éqlosv ¥asigedB0mpeéfareoreedndepletganl nofregion

302 (ihe .EMnaaves; mayyikaH exddd ieghd ok )SuUi taRd &ehavior of NBD
. appl i cations ich were not achi evabl e by ot her
1s the.samrnas BB 4SS oL tRPYS - connecting t he
ntype channel s under the output NBDs (p-regions 53 and
Bhothefri gmbedidefd) deccdrdig et @ctli@nsresensuppieatdiby has

a nont-F@reeaneijiens of WA-dve channelys pdsr W he iQput 1n this
NBDs. Wen two gapl ess antennae afe 1fined up end to
configngamiiomn,a tdepaesvilding NBhces ednct hws ant eamarse

: paipr Wl r tN%H [ ' S
blas'deécrﬁ eé"%@%\?z. ﬂs(flesl ?%e%&%%%% Ds at the
charargerdpid cef ofhengdiRlesy tant dimve el + vaeen | & kEorterdapias
volta@Bl eBnaphiickyRe aNRidn-channel WY, thes ter Suh PUL L NBDs

in the center, of the gapless antenna pair act as the
voltagenCOAraGtFit SNBS SR T fapalift étha-nIsYUeE 23 shows
convehedbaanapar jaynct3e ididddedi ng nunerous gapl ess di pol e

antennae (e.g., antenna 1200 of Figure 12) with

To summarize, an NBD of the present invention allows a
conductive current flow when a reverse bias voltage applied.
If an NBD and a current source are connected in series, the

output voltage appears across the NBD. By selecting a value of
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their respective electron input term nals connected
together to formelectron i nput channel 1302 and their
w0 e®peeeye el ectron output term nal s connect ePICT/US1005/606398

out put channel 1301. Nunerous such rectenna arrays nay

be connected in series or in parallel, as shown in

Figure 14. As shown in Figure 14, el ectron out put
Vs at o FHEE S i ot NG (e Dy 1308 985 boRRoet Bgatures such
as clhargal byowagk ehéctpos tiamputciahasiel lﬂ@Etﬁé éﬁﬁl@@ﬁablas

a t u n
wo1e 5S40t DUGR-B RN JREd T 8 gos
Cond¢©@1V¢dgarrﬁe§tenH&DaB@@yStﬁnﬁannhﬂrqea@p Preventssing
a pu&@ Bl g6t %emtha@%e%b«@eﬁe'o (v%ltﬁéo%)nc?r\fj lée't%ct fst%red charge

ut put channel "(n-type) fromformn n-junc
is rgl S?anhreanaea&éég RA-agn Jeditesis @Wm%?genm@fplve Thus,

an NBfectennaualr ﬂyvé49éc@ﬂ$yr ReeNiA sid18Y M SARRE signal,
connect ar al %EhaV|ng el ectron J nput

thus ChAnTar E8p48 s PR aeRRA S bnmas SETog HRL AnERPERY 1 on
genexalt pob . ciheneppli485iand o4 bhec MBIRGiratkitOget hes -

convEIGELL Nt 100 0L 5 LR AR ! actenna, arfave i n, paral Lol

rOVI e e current an |n IVId
voltwe? ayang@put nd@elxzetbachea@rtslee biNBBEs Vprldlﬁlgtedaricmrforward

bias %@@J&é@ﬂ Lapyt aH@yVQGVBEQ\é' deq’hlﬂe‘)ée::S ?’fﬁvf‘%’é&e@e regions

ctenna_el ement /1200 FOVI

enab LB OSl RARE Sha | R opBnEHbSa! RERGST G difte difdrmentaciayve

regidmgl tisebanut DpitedBBoandppniertpehNBD at two ends of
the antenna for hal f-wave rectification.

Al ter i vel I wave rectification ma chi eved
usllgﬁgﬁglbt \téig)re% oﬁllé%l %put Bl (& lbéowrNB‘ffJSfl g% feone of the
regiqug puf ANBPn (Bugctism) isofudhy depletNEd e gaanwﬁéfﬁnrrent

is obN¥L-A pé‘&elmelglcg@r ga ré\l@ 5@%) blagnc%rnla%§6 o tq'ler built-in

rectenna elenment 1s fornme ant enna one
electys (elld NERYHdgs flai gl @@ﬂiﬂ@ﬁtnr«ra@w at aeverse togms by

zeromﬂji)tﬂhé ed 115 fdh c@neo HNEL NBPr68sJandNBB123) tl0h r&lwRat Y -oss
the EPUt at an_el.ectron outgut term nal ., or one NBD
p(ne NED 529 ¥l ¥PRRTIOR FRPLPTat AnTEVELSFoFURSRE

flowst mhﬁmaihanappﬂmed\ll}ﬁi&se goltalB® 8By ifsomerjmacivoONn(i.e., 0 >
Vin) . o%&%tg{ltaguﬂrgﬁ{izgg SH%?ye ts% rpa%ael atb olr%vsaﬁrcil hbelas can

tenna el ene ct § Cafent
be prevddady rmbutorctrarel 6s analeae deppudiNgDen. throt her
appli@ARli@ss, antenna 2200 utilizes two sources of current,
simlar to gap antenna 904, accordlng to anot her

%nbodlnggidﬁ%)the resent invention. oIe ant enna

2055 W t(}gep Dhaarwe of eMED; %0 yheescoptegf

resisamcthc20 i(dD)very elspectac/ce:hydlpi@ ’Gdﬂoi.mel &nﬁb@ﬂﬁl@ﬁtzaf( Bresent
e _ant enna

20 b) ant enna 22
lnven?g%hected Bes I%r%%ﬁ %@ egiohe E?OgeﬁﬁdCiose to
the ldﬁ@dl@AQEENIVfQNnMGK;Bﬂc&ﬂsmttma valpetofevai hal nod equal

to ze?B¢ St'hdee’NBe}j"%d(P vﬁ'@LlNFi"B\;é)r Qt&?gao\w ggo%m@pgrﬁl bias

n-regi ons 2202, formng an ron 1 nput ern1 na
decrepgd ngt AEWasidi e TFhe MBI dPl?ﬁe%I cblyarpgep e‘gibhsbgzoelanded

when lahéemmn 3204 o Sfearerx%féJHia%eétéﬁJ&taféatéE 81 LBgEr0L

B:r %lon 22%. and n- reglon 204 can
current surge e NBD 300 may be cons:Ldered as an ideal diode
with reverse current surge capability. In Figure 23, when Vg =
0, the IV curve is the same as the IV curve of non-forced NBD
300 with very low contact resistance, according to one
embodiment of present invention. The non-forced NBD 300 may be
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a forced depl eted region or non-forced depl eted

regi on. The NBD forned by p-region 2201 and n-regi ons
wWQ20g/0dBeees el ectrons to the antenna 2205, anPCTH§2008036398

i mpl emented by an NBD, such as NBD 600 discussed

bel ow. A rectenna el enentincl udes antenna 2205, an

consféj@?éaogs %%Utldteearlmcﬂ%d a%tt el 155 etarlgé]oxgult%éiﬁaggp%t the

t erm nal power is col by conne
forwghanhBresheder iodda@st-put NBD (e.g., n-regions 2204 in
Figure 20 (a) ). Extra electrons are supplied by

Q@ﬁﬁ@ﬁﬁhﬁg ﬁbyBQOQMQ&n%h%daﬁﬁﬂhﬂ'BE'&HE“ f@génghgnventlon,
g s nh % S %f rect%& % el enents are connecte
Y ST R M s e T G R,
regiaeme6@dnhevted bogz&tjltelr whothat mikshe eksecterma x@,r r_ay_he
dep 1 ELANE S B BB S0 R o R e et

connect e aral i'mons p
channel s and out put channels are shared by both

rectenna arrays. The sharing of input and out put

channel s i 1 Figure 21 by input channel 2302
ag o< aptp 09. Rectifiers 2305a and 2355a
out put e 66&K6h6+$bﬂoutput 2309 and n-regi ons 2308 and

2358 receive electrons frominput channel 2302. Using

this type of packagi ng provides a higher density

design providing a way to i ncrease the received EM
vavelivehan deheamdnponen pubplites Ndmtgap,.r €otemBd 600. The

operd{ 1@ o £8h absg Qed@FiQEQSH }cenefa&%' | e'w_&' Ml ald Yeon 602

wave rectificatlon resu rom usimg a force
with NHis ideRiRbiah Paitenndthedh gh. *HARY @~ resiony 601 larger

or equunfgucxgi NBR~ach i v ess hadig wave rectification. To
performa full-mave rectification using two hal f-wave

rectifications nna 2304a._and antenna 2304b__each
gghngc%sz?ﬁp a%%g t%l§§oggfﬁﬁ98h DOnfFEEEeRS Jdiopis in the

devmﬂwanrﬂ’@l R:389%n arh aaxmtarﬁﬁtﬂaﬂaramﬂ Ia@l@ﬂnlauz?BBébupaﬁlnong
i nect.,t o pu
e e IS0 L oL T s eRbBATEN, COr prLSBAPY
Creaﬁ%ﬂﬁﬂﬂ|ﬁﬁP0W@ﬁ¥Mwﬁ%B¢%%¥¢ff%@%don €hn Melaebeep@dentlal

acrosi#Sithd AN dOF y 3 D@ B POf £ 8L €8N, Whil e hal f-wave
rectlflcatlon can be achi eved using a° hon-forced NBD.

t o one enbodi nent of. present |nvent|on
A il i Y6 S o s R iat o (ke glose to Vo
and téuet la@ip L& efcb riwiexs om]atergm :f:orm@tdwédaﬁ) ()evgltsl\BEd309) (1 e., 0
f tLf f
< Vi 8 S B BT S0 T et DY R S SEas oo dii R e
appll&ﬁtgﬁﬁé VRl Hagsy &/ eigtd feaza s ot haysatendbey acheevedic
fleldbﬁe@§bﬁ%é§M3rﬁﬂééWW§ £&ehi ki gations, s@&&?ﬁ%#ygeigcgpfc

enbodi nent, of the present i nveriti on, Rec
fleldsﬂPuEf&ﬁ&%Qﬁ QQ%ahﬂﬂqmﬁﬁeﬁﬁﬁPfﬁ Tines priEBRné0f nvesponds to

a sigmay bh@ﬂ@éeﬂﬁéﬁéﬂfﬂHaﬂ“H“&ﬁﬁhéHEﬁéd@ESpﬁf NBE®ion because
the s$%corg| ne eg? %ﬁge f the resent’.invention.

gad ﬁ 1(9‘c & Y%ectiG fBdthan sehees,
depletpopawakitél aﬂ'dxndnvéﬁuﬂdﬁamwpntjmhéﬁidﬁfieThus, NBD 600
is Su§£5 ¢Lu %g enna can be in different

con |%u?§ |g%§ i %ﬂl %H?e g ghdi !

When voltage Vs is selected to be close to Vp and for an
applied bias voltage between 0 volts and Vg (i.e., 0 < Viy <=
Vs), @ constant forward current due to tunneling through the
sufficiently thin depletion region. N-region 602 remains fully
depleted the entire width of n-region 602.
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requi renents of the desired result or performance.
When the input voltage is varied within a
wEe@desses ned negative bias vol tage range of BCTMBE2005/036398
t he out put voltage of a NBD may be higher than the
i nput voltage by a substantiall y constant value . This

at 1t he_ou oI ta e an .an na ca
FE?QZV&IH%? %}‘Bca%ﬁ? age 3 ICedt ftbl Weheafé P%nd the
threskeldl Y9ltagaecied- NBUs. <Shm<t éfdhy, the dapﬂlettmr nemtths in
both - Ag A0k €BH2 can hereg%lnats%% B Jeect 'qf \P BBy the

connects In ar a varyl ng t e outpu age or
deviegrient, shay ¢ FAEIBRA0f. CaHa BN EEaHndd Afari deproportional

to V rOTh@eéuﬁzgu*Ee%l@afgfeerle“VIQeeV'§ anghd @ ‘@ﬁlhi_EV@er close to
fg t efficien . Recé{iﬁler structures of %/
Ven, ERPr BEPORESODT AL eSS D (AL ot G HseTbENePRaLL for
condulewvieeschprenectof ftati.on i nstead of NBDs according to
one enbodi nent of the present invention. O her

F5h R gt L ckud SEARLLRY SLades, Mahecnora
voltagril Ol bR anyinddvi \i&)bhé\iBD:(ﬁQﬂJ(QOI@b{ﬂfeﬁzlmmletcur rent
i n one bias direction. Any device which have rectifier

IWh&s @SréiﬁéﬁéébSQangMQtéb% wif N 44181 SEQPELOkiBD 600,
I hvent | The resent I nventlLon uses
the Ci%h}recib’rfbr&lc‘f et @PRANS(EhE. SAMBy pBSakdSpiisEse bias
voltatgaé einatgases ehectevsrsapotirasdtodlputl iekarelss
trée\dl i onal higher conductive netallic

f
SubStr%r% eraa‘pjfy JS‘lem con%uctor mat eri al was chosen to reduce

i nterference between el ectron channel s and ant ennae,
NBD &hdrsltle isame ghiyrpatkedransennatager ghiamesteasistics as

NBD FHECUESPhEPWEso SEHLEsCaRbrg8t 8RRBrIat BhSiard-hiased
electronﬁgnetlc waves at a frequency consi stent wt

voltagg R stipeYs &Rd thise S@rGd&ay; 3 NBR'h00. Also, like
the NBIXt3J0 erwisdd LNBDIFG()O rest tbhesctbat iANeedY elsnt® & RBurGent

source, i ol FErAL R BT cReRe>FrOBH: PBR: each T oot enna

el enent can be any size and any shape, and can be
pretingad dapehynemt epbeorypey oreke epnasentay nventhen
provimade wut x0f (faey, dihkenent foeeken dapalediRM ScorddErion) .
resent _invention is not [imted to a dipole rectenna
Non- &h NEbro GG hame Bhe | Sas LRIy A§ RreBPBNAQrced NBD
300. descri bed above. According to another aspect of the
present invention an NBD capable of rectifying a

| i,.tude, h uenc nal is provided,
AR I e S, oo LB S S asTeh Sl B ion,
Figurendrilp) ctrower sinoNRRhae nestord h@badmwe(pirhégiNBDaha n-
d letd .
regiof) MIIHE 1P LBl tind el Lidhcol SN B8 65Ra1 BRpn.
Accorgiageo iawhen iegodieey e sehttheneresent r éheenddon,

Flgurfést YIR%)Or ﬂbt))’%cf ef&)ons}?&/v‘f&ﬂfﬁ'efj@rﬁ)& eysd é’:\@ﬁfl?ﬂﬁatlons,

reglon I S of its respectlve

repreggﬂtleéir &Y NR 7|Dng| IPPalt G RIUIBRYi 14 @r e%%c}ﬁa%ef—‘ﬂ-‘aﬂéng a
regiomnn (@ny.f,ormme,, shapesi2did®enslDNsunder the forced depletion

condition. Also, when region 702 is p-type and region 712 is
n-type, then NBD 700 and NBD 710 can be seen as NPN and PNP
transistors respectively. Figures 8(a), 8(b), 8(c), 8(d) and
8 (e) show different NBD configurations 800, 810, 820, 830 and
840 each including a region (e.g., 801, 811, 821, 822, 831,
832, 833, 841, 842, and 843) having two or more doping
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conductivities or concentrations. The present
invention referred a p-type or n-type region as fully
walepbessed when the whol e region is depl eted of PCT/BS2005/036398
respective majority carriers. This region may include
different materials in any forns shapes, di nensi ons,
cI|V|t|e or _concentra ns e ing | evel and
concSUSHELINL LS5 0" cconganty gt Lons The floning, | svel, 20
15 (a)acte eMz(dhe Hésaledndeddl(bs. shbwhoogle fe theanpilesdianehts
of tiff MO SNONAANGLELY LAE MEDSRROWR LE0i0ns. Of
onbgeneous dopant concentrations, such regions are
only provided for |IIustrat|on pur pose only. The
Srichurns | hUGh | 67 14 (BhuahPy BpPFI HABFe At AlaAtespplied

bias WiI&adde doanhac¢oRgent fat:b@tanapger&%nh@n}me&yS(or n-

. A%co Ing,to, one Eb di nent o%ﬁ# present invention,
regidp NG TR B GUET hot daBs GPSEYoRETELEE Capn P
contagi dMe thatotraky abawrdi brwprt batmiics cbmdﬂ‘lam;ﬁfsﬁ]lml fully

0 d entional_ _abr. pn:
depletﬁnocrpl on %fﬁ%u{; \2%1 %g%i? %Psefc'gg}ésgld \% ltoartlge éj%
thesa sfudnler el ¢ised heegl et mag abepepnstiteviedy noh-didnash,or

* forcdll ikgha &harbgi hsan el ectron, fi is the "built-in”

potential of the pn junction, N and ND are the doping
concent53%4ons of preglon 101 and n-region 102
FE G i ) FhaselBP ohBH0 apbye, ZGken 2Rp L Qﬂaq%§%1
voltags), drfte daghontdssregerreddt 08as ahnenf @ﬁf@ed:dﬂﬂﬁicﬂiSEd

and when. < Xn on.i s
prOVlé§%g¥¥ﬁ ?F%ﬁ?%ﬁm% @ngﬁég?ngdaPésﬁgﬁ E%Fé9§r9?%¥ In
NBD kﬂﬂﬂﬂnnﬂneqaneﬁﬁﬁﬁaisoﬁUnyhBEpBe@edauudealmgﬂnrmmm
depleecrmp'mr@f r‘ih%ﬂfﬁ?né W{YEAT 188 ?‘éi\ﬁha 1 ion width

%' ,_ NBD 300 i ncfudes p-region n region
1804 .30 hewc%qaplm SRRFEBDI2 KR n@nanvweghompl&% &l is

suffilcasmtlinamiosh esiual t0at hendephett 08nWhdthexh @Bn@uctor

coryespond etion width in the ion sj
1803 G, SRR |1 th G CohFEohdaBRoRoRaYRERY 1801
formshawSmg)oa:uiQplk&inmewmm{Midm 1868.t hHBDt 0600 under

reverdRPhILION N AL LLLhen oL o000l 091 5RLCORMURERL .

In con I Oha unctron I's rre
descra elda\auhf?g'ea Fofro R @%ﬁbl éma@xﬂnglde h¥hargateshaskass, such

as falshte sWidldhiQfq,n c’fcﬁﬁil.%‘tﬁpc_? 4By, becsamLlep; Lhang ngr Saﬂrg(rerse

t han_or equa t he, conventi onal deplefion region X
Voltafg&r whga ﬁqnébﬁc&?dofmatfeowém%@ SPREFBNER| 6ﬁra?§deNBD
1800 ahdeenFarakirel dopipooneei raibonsnt Ne1¢nbpdi BBAE 8t a

t he sent_ i nv i forced,depLeti on . condition
convelRTRATS AN vty ST o I SRS r et arar SiRsd
utiligiegtepmphambﬂm maMemlaﬁHnMThﬂefmmmmacdepbgtnoﬁ 803th

descr?ggdggﬁo to r te Cgﬂ‘f gﬁlrrc‘cglor?l&%{\fﬂﬁg ég’QPort)omQ§ be

connecte IC Clrcul

appliggh&endeseirsiad rhe riagiand 3P eiion rt@gqit)lm @ﬁzaafelly

deplegggfbckggﬁgh Rigal sush d-hatgicatagss) 303 and 304 are
ohm ¢ contacts. Contact region 303 and 304 may be

for exanple, b dep03|t|ng a caonventiona
%ﬁﬁ&if@oﬁﬁéw Sois ads AR P F, and

conductors 1811 and 1813, whlch are contacts providing for

connecting NBD 1810 to an electronic circuit. P-region 1812 is
fully depleted under a forced depletion condition, so that the
width of p-region 1812 is less than depletion widths 1814.
The doping concentration in p-region 1812 is sufficiently
high, such that the junction between conductor 1813 and p-
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copper, using conventional chem cal vapor deposition
t echni ques, or other neans known to those skilled in
W0 bwoas4324 P-regi on 301 and n-region 302 nay bePdDUI®AS/036398
in a conventional silicon substrate using ion
i npl antation, or other neans known to those skilled in
cul at ed based

W.dt h f NBD 300 b
regi L bl B SRt Con. Pl PG Sh i bt 4paTR 2
SchovpkﬁobaﬁEiEBOGOnayrbglaald@kﬂeﬂNBﬁnh&iQrwhémlf@méﬂge
blasééleﬁérf&ﬁﬁxsF‘sﬁﬁgtgﬁQ9§Ql§pg' th@MJ@%{l@%ﬁf{Qé %bove for

g &on and an n-region o a conventl ona

NBD 30®dehavindt ﬁh?raG’ﬁ'Géﬂsftﬁé?Széwl"am@ @ﬁ%.wt/@mmge

condtﬁch@uﬁ’grﬁgl _@Bvéageabﬁﬁﬁ elanen aMr@dvit PR %l pxgﬁﬁﬁx
W n

%£0|nt 3 _an tn regi on .has a .depl etion
Conn?ﬁﬁ %lﬁglﬁtcgrﬁﬁa pSPHECe 1ngsey NP }RF@ wnder
forwdh@sblmsnpasfonmscBabseaathumuydﬂmeuﬁdeﬂaé/é“&éﬁvéﬂtlonal

e p ction _di In a ., the
o-tyng 5 EioyERy) A180e Hpl R rplle g SR i s
Compa$ﬁbl%r@@h©rua$@Ltage for the conventlonal pn junction

di ode. The Ferni level of the NBD at .zero applied bias

veh t @€ 181 8 £tEQrE@&aﬁgélEtﬂgoﬁertlhe\f%lr %Brf hjf;a” ) (1) a

intri nSjé sem cqnduct or and avvay romthe equi

deplefelaf WEYER ¥ ‘EbH%e%¥|%%%?a%ﬁ Ymﬁ@%#d%hﬁ?%@@ld(zpltage
Ven oBeheebnaenalibage ‘%c,hdmh:lkﬁﬁ didd @ rmxdeterhondar dsbhgsan n-

voI e that_can be, a d_on NBD, 300 befgre th
regl?%gldgl?%a?onge?EF?§l§§p gt@dzgfozgﬁgsappﬂgédQMéhfward‘
bias wiptlageoeagesVi o-Hut fis | yeteptet 2dro Aandniier iof selected
that dceék VJ&QI 4684 Ui £6n (-8 ott%ﬁ}”é&@% tupael Lpg cunrent, at

| ow forward bias vo tage, arge storage, voltage
depletge widthnel9hd)- TR e eﬂ«%dcwcuh@tmst)snemeeat

when ZEIr o ERMd 9@‘1&% %o!@ééégﬁs andl yob1p8e 5@ NEBP€BB0NINnReqgion
the appli @ i%en the_applied bias
1802 \Foﬁntaddgs Epidie s‘%bl B Brput bt BudlPAE o8I VagetRat imeequal
to —\&e(vslt levwrl vat bjnev,NBDvDs—da’gveasadgtegm@r dsohernkenmi2
ve e nction .dio
lnCld régﬁé$€lé£g¥ag$%gﬁié g%%r ddell| HthF§é%lons of

dlfferr@njre dqmélg:ecvcmcdereveatmmm ai Ascardmngt ant aheyéler so
emboc&'ﬁ%tnta S YA drse aceeui aled éu?rfi]ﬁﬁ RalYReshey o@fo%rched

he appl’i éd vol t age decreases omV to zero.
usmgvéqfiaf@eofswq% % FRIiRess z@R® aRdueke of which is

fullycerypariteenal Ryt jdigip D8, dapﬁeubyéétré@laﬁgt ﬁ\g9 MeD’fully

he voIt acrgss the junction is
deple& %%ﬁﬁléﬁgﬁﬁf Qﬁ ?%e %?%Eeﬂ?g %V%HY|9ﬁpl€F§d
semlcwalldm:t@fr vEdiage M3 drs msml)e@iteldlm othe stose b6 the present
it 4V The wdth of the full
lnvengHﬁ¥gt§@lgﬂtl g i on réglééfr%ﬁéﬁ %%’t%%c%og%gnFElgn with
the r@@ﬁ@mpﬁoﬁ63§ﬂkh%ﬂt&hQVGJn anot her enbodi nent of the
present invention, the value of Vis not selected to

b@c@'x@ﬁ@xgt Q:onanot/?\fékoréHHkgiltnﬁér%‘eoPr@‘Péj' ﬂPé‘éelgfc tR%ention,

ny g zgq ention, the value of V can be tune
iqurBy d9ed SO b IIROLHT QT Vol 2 Qgel Fange esEernal
voltatgbe NMBRngpepptliien. Deeridepl Za®mad di-he phe NBEYSOR 2026

fully eple% lénChan%/pe a}:seglloonr'(r:l Z%QZS sufficiently large to have
a neutral region between depletion regions 2027 and 2028 and
n-type region 2024 sufficiently large to have a neutral region
between depletion region 2028 and contact 2023. The p-type
region 2025 (neutral region) is sufficiently large to prevent
overlap of minority diffusion from depletion regions 2027 and
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the applied bias voltage is less than V . As expl ai ned
above, when an applied bias voltage on an NBD is
wheirmers2zero and Vs, a charge i s accunul at ed. P@ANUNBD5/036398
with a smaller V stores |ess charge than an NBD which
has a larger V. (3) Calculate the depletion width wp
of _p-reqi 01 such that mhen vol tage V. is inposed
2028, pBx5 &8 H° 5 o7 i e B arad Yerkefen Bovice when
n—typenaég_$odeﬁbé‘6eds /ﬁs&mwgie@deaiyw;anj unet ¢Ofsidered non-
forc?ﬁpéggFgﬁgboﬁevﬁgg Wh%%h M areQﬁ?] wgéeg§ugoﬁgforced

OW ng _eqguation: The
depletedul Be¥igg 892Rndwn copstidesedsia cheﬁfemtidmea}ardeVIhe when

n- ty%?'fégiBnVbeﬁgﬁagFQ QEUEQ%lNﬁgdﬁﬁ%‘BBEWQ?ﬁt ?ﬁgép 2021

\Ng , V3 is zero volts

and ¢ l%ﬂ?ﬁ WpIte cgpgl]l -at ed above using an abrupt
junction approxi mati on. Qther suitable nmethods may
aFS@ube pgedhoibe T dulrvep M8Y1he 2BX Wrad e28 oS Aer a

convélif ISRER (LIRS 0 RBRCOLLTRL, 50 SUERGLE SRAA%, rorcea
deplee’secdedeweel resascamédwcedVdepﬂr@tasorz&mndl28@21 amthd2803
are dRfFEoslERqa g'rb'vgﬁedpoﬁﬁg' %@ﬁgﬁlussﬂregte{&?dpwpsées

or ced on region", “accor
only en%}éﬁl Pene BPlFﬁgepF§s§ﬁ¢h| AEEREICEN tQNféhUml raep bet $@ 1n-

type | Sed ol QOBSthQ_@Ekéﬁrbofﬁo%%Qth bARs ke dd) M ?ioé@quéuld

dit
e el EonbReforiaa depmorron ebuEIGTo e Ltk Lo
contatic h2 @2 Londhén odevpereegoan 3@1aSUBSﬂe‘ﬁli{EE>r&iEEIex(f&&-E a
forwd) Wl4s PEoLELELLEhE 8RR RO LOASh WRPlIfh and

on", acco 0-anotner e ddidms
depleri‘rﬂe@renregm@ni%& ww:iéh prreghasrs30Friom IV rmrrxf@rsz@n, as
the fi?zﬂlf@fdi %159”91‘1&1‘95‘3(35hSc\_"@'sHecghvg%t'l%r‘%q.u%ex;l%ez92(920

Onc | s determ ned regil on
Curr%*ﬁil #%W@Jyn%eﬁm%%%da%ét GeBftaBht dét ep eéle@rlﬁam GEHgent)

untlln-dquléﬂll(glggré@yoﬁ(ﬁ?EEab@ﬁdﬁst einbf alepnte taici f}é?jlon 2028
widen e N NETS0PTY TRE. GPAEN 6P RLPEdio SBF rghon

reach@lg:éezﬂr@tml@m tegiam g2027haAsxhhe Thewdrtf ériemcdd rfurther

: i ' o h
incrd S iIgh, SRLo 0% FEERER-1ORER), Olhl 2oshl
increasesyiwit BbXepkaten t hagien ZOWeﬁe@héeéxtd@m@ltlon region

2027 wénﬁg%ﬁ%ﬁ eth &0 £98% a@i%oﬁ@ﬁtﬁﬁ@li;odfl'vs s (278%&0 is
out bias), p-region 301 of

li voltage hias or wt
basedﬁ@% §§t¥%%6f%ﬂq4 Pet SR VeRklenBbdrReEnhaginghe-type
reglam\mma Cmgcgrlrowyiﬁé ﬁerﬁbdﬁz@eﬂoiﬁepéﬁthonaeﬂﬁql th@g s@ﬁ\ed .

regi on t is S t he wi dt
neutI%P r ‘oe’litrher G Vet ue” e% 3?‘519\% ?ggparl ger
convemamrmi mmmmm cfiatheténvshicenregease biased as

o 0

forwa&%ﬁlﬁﬁﬁﬁﬁ&ikaqﬁgﬂcﬁb 13 dié% f%$g?ﬁh2§§8pwﬁggh H&%%%ases

equal to Xp an n-regi on

and dt%’;lerte}ﬁgé reBmwe2d%/ [wider imeresses. Wien the applied

bias voltage is |l ess than zero volts, even by a small

avRipri A& aaEd @t ad @é}@w@e&lsoléeiéée@v curve 2803 to
conventional device IV curve 2801, it can be seen that during
forward biasing both devices behave similarly except during
reverse biasing the non-forced depleted device has exponential
increase in current at a smaller voltage magnitude then the
conventional device. This behavior can be understood by the

fact that a non-forced depleted region behaves the same as a
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Thus, the NBD is conducting under a reversed bias
condition. Alternatively, the forced or non-forced
wale@be43on regi on di mensi ons can be obt ai ned bRCT/US2005/036398
starting with the di nensions of a conventional pn-
junction and adjusting t he dopant concent r atiivORs OFvvv

reqgi on. and ,n- region s t hat w dth of one
convedS i R Eh A e PR Bz 801701 £ 820, BUE) Volilhata 0t s
immeddeyledty orhergrarelmortiasedd depéepﬂemnedndbbvyn Thefefore
when %U%Jf3¥égg;é I@@b&qﬂ¥§fééoﬂ§|rQQer&HECB'%%e exponentlal

rther 1 ncreasing the concentration o
incregsgi Gf ZANSTThaEUEFRN G dthl oPCEHE fBr §Poﬂe@4801depslertown

reglohe@@zweymﬁe }ﬁ?(xpﬁi?c} @xﬁ@@éﬁ%i@ﬂ whetBaseak t&ulc%}ﬁdarﬁ@
er orm a conventi uncti on
instegto e BbORTATHLY! {HE R Bsale i AEnEDad, comsast pach
otherkigure 6 , n-region 602 may al so be put under a
forceddepletion condition wthout a forced depletion

0 NBD
OOl ol SR d PacERLE bRy HORRRS o
conve@eploertaéd gesgiasn, ITheuxird 23 @hcesti ﬂanhleewseen ¢dhat there
are d@frfeele%e@m £1eRlE Mh AL OB?aéQﬁg'\@Pd69Qv ae _piasing.

nbadi nent of the invention provides a non-force
As ex&éﬁ‘lléﬁdoﬁtPﬂV@gl oh Toeegd . deplet gy ragionsbeharest o Xn)

di f feaaeh ta WidHi rif M@@tmﬁ@lf@@wa\eenbmﬂﬁgl aegekst han

differences in the w dt regi.on
decredBings hoaaR] SHET OIS L WibotF REREELAROEREPaza biasing
betweemb(z@lmnermmbfvst kdepileve o meqnmwl(b@ avfdtltetdemains the

same qﬁra ﬁt' o9 Xiréﬂa%gagﬁhrbrp 5% 808 %&Pegggim@ndsthe n-

[Tér 1 p- region
type .reﬁgenf rZ&%wetr@ul areyesrl tI‘FFa‘fﬁS(ptO‘a@E‘érHFﬁgnPD fnrged Fermi

levele”bgt@ﬁi%mdec?e%éirfd S ANFES I8 4 Hena ﬂébweénpzéeal R4 vs
creat.e v%rlragl ons for this enbodi nent. Thes

deple\fréPPatr.e&ﬁeno D Y T S 1 r AR GOWRE (R BECSSPARTAED
regiona@Ohaverimihe atlfzan renm ifid |Hhelephmd edrmfgl 08. dkachoothe

e [ be ei ther_ a forced | et] i on
pOten£ES§ non% %% &&% %ﬁl%ﬁ¥%%%uon As g%g %u?ﬁél
regiop- maghon iod ng- rté@ mﬂwlgqtdmaﬂt etolirelpe ketween p-type
regloH' Q@QgganHBIR—%S% A éjrr?@m 30led & 8y f oiﬁﬁijease WOz

 eti on cond an n-region 302 wt
decre?ﬁ?geprﬁﬁéﬁ kias W@l@pé}%"i% L NBIB00ssartdie threshold

voltagéptatneﬁeWnu&fypes RRGL drD mee&ergs‘a&y@@pfé@ﬁoxbl 2825
0]

junct{ g, AT LoBEC rogticah bV VapBPLba o LREDIE. His sapard
bias biyadd, dép&emﬂpntr@@hb@g@OZB‘WIml He .imcrabded=(D.¢. . the
thresfol a 82 :ak0THRLIRS Q) (R9Fh 3 20RY! el R Pnat 4
voltager @ér ¥sbhas lveena’gealappereadoﬁrNBDa3@®r|e§h@é1d/vemiuage in

force@NdeMiBrbl Seqi¥%d FiVel NpSt bqi iy B f of yes d
bi as” vol t age appli ed on NBD"300 I s |larger than Vth
thres%plg vo@tgge>1Vtﬁp adjacent semiconductor region (i.e. p-

type region 2025).

IV curve 2802 shows the IV characteristics for forced
depleted device 2020 after an increasing/decreasing forward
biasing between zero and Vs. The reduced threshold voltage in
forced depleted n-type region 2026 means during forward
biasing current will flow across depletion region 2027 at a
lower voltage than either the non-forced depleted device and
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e ) Wen a reverse bias voltage V 1IN is applied on NBD
300. Accordingly, (a) Wien V IN =0, an electric field
W@ e@besa3ed to as the "secondary el ectric fiel dPQT/vE1005/636398
vol tage difference of V3 is created al ong the edge of
the depletion region in n-region 302. No current flows
n the eglce vol t age .di fference hetween the

convefliot gt britEoren BH80rr CEFANGI G ORE At I 1794 noxponent ial
curr¢mﬂenmca¢ase ¥scurgbptWaedoWdri yodelaert ethd ccdetiotincrease

| ose a lie
widelf B Pl KB 200202 He Aol r D | He inoreased.
widtlp-¢egieml gbionerapaont R&28nrege iviedt dfangergieyaiB3lie bias
beforekﬁ%ﬁﬁﬁéhﬁﬁ$l'éu§9€hke%lﬁﬁaackﬁ% vol tage potenti al
across t he secondary electric fiel'd in n-region 302. A
%ﬁ ses, the Ferm | evel between the
d%p“f B ‘?% PoRdarBItRE BELPLPpA MRDF&GInithemresent
inverbeioweini I heolpeyeghenf30loantdgnrin@gisan 302 decr eases.
As the applied bias voltage V IN i ncreases t he

C S th ease
n- rgg?g% O%ngq 89?/@%%%\8 5]% Vés t17e Séc de&’a&ri/ted then
at thdmerk |e@qmbikelrmmnthegfenmmzelyeclonc@s ther CondBRl 3Bpleted
regléﬁmsa&ﬂét Staﬁékdcﬁﬁegﬁnfc%%% ct '%%Hll%o%{?;{hvce{gf i

unctlon so t hat 00 1s SUIta
levelr é@f i 58 R %%%%§S§F§n§Pscr¢ﬁfC§ faa@tetr e@d”d’né@lltﬁqmt

throudtaraed edéwics. i s present in all NBDs. A device that
utilizes NBD concepts wi Il have a faster response tine

an, t evice not utiliz NBD_concept

Vi Sils I b erBte Thontht 2t rag oty AadageT to

fullwoietza]gfeted | Nedeems t hancveatédebefOre VheNfa 1y3)deplated
t ur B

reglcﬁzﬁe ng t é!%éughft hgéag{l??%grgﬁ%q?y&lt% g Gﬁetnltsgr%:
semiGgiustomHeedebl ke Y®h- wi dth in pregion 301 renains the

entire wwdth of p-region 301. (c) Wen the applied

3) fm \mlmmé{ai\éwdeﬁém@@ﬂ'vt%p@ﬁﬂlt m@vblmr eshal éd gust

< e etion wi

towand 43 ot i ol FRERES ety bheg8 T BREETCpe 2T
creatbed tugmajrmlacnr@;:som@eady@d:emt obor ’elgeonﬁelrlgd deedeted
regidH SO In this regine, a small forward | eakage current

proportional to V IN flows in NBD 300. As V 1IN
becones very close to Vth, the depletion width in NBD

aH5b eSS AR TS CAt By SMRFACERT AT 6@s afsrghpricednt

depledWd eRlgitdnd lhWawHidh é/hemtah@e apPl Fediypkt age V exceeds
the threshold voltage (i.e., V1IN >= Vth )r NBD 300

conducts curr ) _Wen rever bi as .voltage V IN

ac (EReHR ‘aq'ﬂbfkéﬁlgiﬁ‘oprﬁﬂﬁ GebRES, Srram o CAdfd ns e
sarre As the reverse bias voltage increases the

- Téeerfosr omgr mﬂldtrmi ecseosUbsfarmi aléyel i heafbycbdsedward
4BAN JLhe dsRilAle s NSt ieen. cantaet 03 BAeRLEOLOBoci ated
301 and t e resi st ance Jbetween cont act an
Or &diien Bex Iy fHhMifert s eer sed bi ased, NBD 300
operates as a majority carrier device (el ectrons being

- Bnjleetedd &t drP Aeltf dhd gt tHNn asu BPPOSES1 €@ PEHOBAEYWill

garrier devi ce % forward biase
ave reduced widths compared to non-fully depleted and

conventional region of same material as fully depleted

region.

During increasing forward bias between zero and Vs:
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The switching tinmes of majority carrier device are
typically faster than switching tines of mnority

w@aosioes24gdevi ce. Figure 5 is a plot of the curP@nuUsS2005/036398

versus voltage (1V) characteristics of NBD 300, when

V3 is selected not to be close to VD . NBD 300 can

conduct appreci abl e reverse current when input voltage

i 5'PehafFoe dRBLEEREUEEILOPNST & Sl eitVadharoyaputoward its

vorigpeal sréangeletyBan Vth . NBD 300 conducts a
negl i gi bl e | eakage current when the bias voltage is

. and Vth When a formar bi,as v, Ita
SHHEECiSn PPl P8 os kB Pt sl dhiY cdropceea
mremipmOﬁaimbaiuhahgeeagam@ngl@$hwhe Ferm |evel of
the device is greater than the depletion region Ferni

DuE@h%nHe%lreagl'rﬁg WA:&H bhead husheaheds Py

Dunhing i 887

Ehguie. 4

whi ¢ch shows the relationship between NBD 30 epfétion

%glon voltqge V FD,and the input voltage V N, where
{Hetati F S of Ot R8I AEFPEL PEH PGt 9% s o e, Eorced

Figpret@d reghon| otheh the gukedt depleted/Atd@Osn($ Wermi
of NBD is selected to be

ar terlstlcs 300, .wh §T

?@agldgve? ST mhépgréngéﬁsﬁgﬁi ‘orward current due
to tunneling is shown for an applied bias voltage
bleff ieeer®) aio¢tBoaddprletibn orgiemsodiimit dare imaitdasé in

NBR300, Pk £91 9&3 £8én€ r ﬁéht?gla r%%%tn%mto ‘{Irr{?e ol Sed

cal cul ated by the foll ow ng curve of
‘e i A oW Ela%nuﬁhﬁrz?nyltlﬁe bydrsl mgt dfl Ad] agrnt

mmpm@m@tlmé f@r:céBDd@lp\lle%%d fend droraverdkmi 1evel
esi redcurrent on curve

| tage that nat che The
HEE VRiA Rt eRtnST oORRLPESEN RERIORS =P dhe With the
\ﬂﬁﬂqgﬁedwpletmﬁthegMSnvmhmetain)tBetermame\mxﬂﬂhsﬁ
depletion band of p-region in conventional di ode when

o o i ggléﬁ é@hgéﬁd ﬁc&i%gg@ E‘F% ISR hin

|s can done throug cul at
Caﬁ%r{l%#t%lu FRUB_NK n‘éWntb9 frsseds Rireml@dpadq nefgd on

ahtll _Ehiéré/ﬂﬁ 31141 SwI¥th. 3}31211&3@1513 BBeNB@a\Mst I&S%OCJ.ated
gi.qn of wi as determ ne S usi n
e Te It Haneed ue e e R c B aPr e Reppieet niking
dﬂmmanmhrvﬁhdmdmhbltambsnlsWep 1TheAfioNBBddeeipdeted
tr n Si l.ied _bias
TERREE ST 10 et S e 1 $5880, PeRTRE H oA s
@@@Qﬂ%ﬁhﬁﬁzﬂﬂﬂheﬁh%ﬂﬁ@I@Qﬁt@@Bl©Ved regisanmajoltbage their

3RQe wikgHe applied bias voltage increases, the
Ferm | evel of the device decreases, so that the

secondary electric field decreases. However, when the
%F%% DoPBage decreases over the same range, a

third electric field appears at the secondary electric

flifelttheedgeriice tHes rorilegi arte Lo hevionl régyban, tWBhChhe

t hout h
BV B0 PR B AR R e e P ekBel &
el aide)r,d aglyecthangd | s afr alge réae ko daceecdbéngpfbredrd -
@h@%ﬂfa 4208 RRCONMRS NP1 ¥fsed N kb2ESECLE HBE1LPLLC

el ectri’c
region’s Fermi level moves toward its semiconductor

intrinsic level until reaching the thermal equilibrium
level. The depletion region in forced depleted region
Creates a negative potential voltage through device.

If the device has more than one depletion region, then
the device will have a reverse threshold voltage (i.e. a
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field is rel eased, thereby causing a reverse current
surge. The maxi mum voltage across the third electric

w0 p@bai44324 V3 . Therefore, applying a negative PCEHES2005/036398
vol tage after applying a positive bias voltage on NBD
300 would result in a reverse current . Another
enbodi nent of the present invention has a forced

dept KON cHREFREBN - ofANY- FBGIFEF SHPr&H SR ye regidh the
ey Wed hebhauwt gt A ké$§rb€a&u¥&eW&er@Hé“fd%&&@t&@ﬁleted

band. wi dt oes_not conpl e reglon 302." The
SeG o S  py BOGREEEE P ERE ety oatade Wt the device
des ceobédcaboy erefFerseheusirenat.i on when a forced
depletion condition is created, the depletion w dth of
3 ween
5 ST oy e Y %%%p%e?s@ﬂ%%?é?g R I Roiggroed
depl%ﬁﬁﬁ)regq%%sb@h@b%@raoNBNBBrslgsuﬁgéﬂQﬁﬁkht|on (a) of
V N=0 is the sane asdescri bed above. The behavi or of

Th@BQaQO@q@HQQbIQdeltlon (b) when 0 < V 1IN <= V3,
status is the sane as descri bed above until the

302 | et 302
TEiq e 1251 MEen Chisb 3609, Snbhbe tedra: dagn S a< pregron.
to V = V3 . The behavi or of NBD 300 under condition

Fotwpridsbtike sawreasigescri bed above . Wen a NBD 300 is
connected in series to a current source (i.e. a signa

_ f n r ; L
10 e e b 2 éebu?%gé?fp%%ﬁ%ﬁ%?éw

b|ased volta e, a negative voltage potenti al appears
FopHardabdars T§G#E¥ i nposes a reverse bias current.
Thus, NBD 300 can provide a small positive current
—- Vitten samposasiwieebiasiVbkiageaVnbnk€asg liyhalepl dtsed region.
applied (i.e., 0 <V N<=V) is applied at contact
n . NBD 300 can also rectify negative input
Re{,gglsgl pids M0 IR 0). NBD 300, with the capability
of storlng charge between 0 < V.1IN <= V , and
- Qﬁuﬁhﬁ|¢@W%F?éV§?g@“%ﬁr@%ﬂtd9P1?§W@ﬂ3§96#@§r(Rh?n the

15 rc%ﬁhlc{/é/td/&ﬁd\l/ucfﬂfgrhtf rl@?&lﬁnﬁérlél pnaks, (nyl ﬁ:hk@sh'&)tqﬁi eH1Mage) .
om 0] an negatl ve voO a | (0] r
ARSIV LR LA L e g SL
@mﬁaﬁesnnrneggpxne:ﬁﬁlam@eathnougﬂ deplieti.on n-region
302 (i.e., having a wwdth less than Xn ) - The

- B
B AP e S TR e, cnen
|tﬁ\?erﬁ€%‘@r¢€hdsai’a mdﬁﬂ‘f@f%%dt}éié%‘ﬁ]@@l nved gege( |(befeak\¢dp>m

20 XRAME M = XMe ddhlfbScE@NiéFULPEH0Pegl B LESHY! ta' ﬁ@gatlve
ng is conductlve at reverse bias . A non-forced

hfed Hrast e adi el 188 esTaveasengprrent .
300. Fbmever, mhen a forward bias voltage is applied
@i gnreen-Forcec NBD, 4 i d1sow U4 reabl @andf veBbageructures with

ct.eri stijcs ar e t he. sa as those of-.a
thei =S SHACA] CASR AL (10 SETonge LI0RE Shiflon op, thgplert
side @ﬁtﬂhﬁ;nahinnlsrnhﬂn$tmueﬂmxﬁw0ﬁ the NBD as if the
25 structure where laid out in linear manner. The terms used to

indicate the structure are the following:
“Sch” - Contact-Semiconctor Schottky barrier
“Ohm” - Contact-Semiconductor Ohmic barrier,

"N non-F” - Non-forced depleted n-type region
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| has pAGereh LoRe

conductive current flow when a reverse bias voltage
applied. If an NBD and a current source are connected

WO poosee43es, the out put vol tage appears across PCEUNBDE/036398
By selecting a value of Vs at forward bias, NBD may be
provi ded desirable features such as charge storage and
cgpstanLFgurr%n %tﬁ%* Iled b| vol t age exceeds
the FRFeshoid o8 gﬁge S aFTHhdlict i ve
current. NBD 300 stores charge by a decreasi ng appli ed
bidsFooredfe bEoween Oepdletedamd-type thegsomr ed char ge
is rel eased when applied bias voltage becones

negakb¥8ed?Nus poalMBlepaR il |p-Wayss rasdi ﬁ{ even a
smal | sinusoidal signal, thus i's suitabl®e

a i cati ons such.,as sql ar ene eneration. The

éﬁg{|caPlBﬁp8fr?ﬁéONBﬁltﬁvénHQﬁ£%éi(ﬁﬁﬂ&ﬁﬂional PN

junction diodes created two new active bias voltage

rapges, pnagpky rehd onewetde abinasitwed t ageyiasd f or war d

bi as between zero and Vs volts. These two new active

r 0 b difi.e t o_have

PR e na CoL I B hetCabhe JIRk Al E AR P gy ot
the ﬁvﬂ$&xﬂﬁﬁe§tﬁdtrﬁﬁvenahﬁﬁeak§o®@ﬁmﬂtkﬁxﬁllaﬁluﬁtem toward

the $41RiE68HQRE0ST 1ALRPANKYBCQR1I.S 2f Lﬂdrycé!fni@gf&e@ ion
] eakage cu ren& is observed even nder a reverse |a

barpustrdel(dceri c qusel d i o\§ desnepgRorced
depleiosnducsgvbhydatsr evser qe.bi.asNoy )zerming Hihed dirsd apseth

ciro es travel acrqss the

COlum%%cslgﬁé?ogﬁﬁe opp FelPEéan%hE Qﬁéﬁ%ﬁﬁ has
durlﬁqomscmﬁeﬁlnbeaappHeedebsasgv6bta@edvbMﬁsrnguxﬁﬂpamtlvely.
Terms{ 'u§ed Pn >t NebN Loluﬁﬂgsgget gﬁ%r rf%'flo‘%hn‘%#“ ge storage

at forward bias can be provi non-zero Vs

val ye endln on t he appllcatlon Fi gure 23 shows

the IV @GﬁVe o ESaRF AT dove aFerrbsievahceti §ully

ver iepeWe tael afedjifth novale tWRoel NBné 6Fi§iRsENFermi level

invention., In this odi ‘Vge IV curve is very

cl 0565 ¢ ﬁbﬁﬁﬁﬁﬂ ﬁ% 4g§¥ﬁﬁ Because t he val ue

of Vs is not equal to zero, the NBD 300 will have

chal'ge &tftor'ed \B]meiidadmﬂartdlaji dshealeltezmsi hgvebwaf dfakly

vol hgp1 Ehies Glay! gdemaﬂﬁé%éﬂh@&nw&wa%o

is reverse-bia e creates a reverse current Surge.
ThelNBDlBQGCh&FVEQ -consi dered as an ideal diode with
reverse current surge capability. In Figure 23, when

\the ) ftH heolMmg Ui N1 &St &BewBanReasS oirthaokV e waof
orce BD 300 with ver Ioglégntact resi st ance,

struckils FEE orib RPBH ReAt s eREAFnFERLI 5TV eFiFe bias
with rorreveorsee o NBO B nayr besossidetedeas Thr isdedh dicddenn

indlC\M tele %vlgt%géég 1¥c9 t’@tgg ?%rﬁggﬁ%gr?ﬁgagz:tagbgs@% same bias

VO tage 0O ano er e
voltagice fentcaniiesit |@mrr%1@,t discaisskldrapboéd Fpgtirges @dyer

bJ.asﬁﬁOWﬁlé\l@%ﬁ,QQtd!é h &- ‘t‘hch'e Iﬁ@&'\.gntﬁgg Q@i{bggaﬁ %@Ega\gﬁng

IS Iess than Xn - depletion w
forwacr&q\belrﬁ it LIS Ut 12 ocﬁaelf%%msz\ §Pﬁw1aaid bias’ (a forward

bias d8idard]i rtaiatorbxm iélesoré Hinsibas NBP680giFRerent
orced, depletlon %ondltlon math

poten%pj’_iearelgtb on%%r %hen prior to the forward cyc

According to another embodiment of the present invention,
Figures 19(a) and 19(b) show NPN bipolar transistors 2000 and
2010 with no external voltages being applied. As shown in
Figure 19(a), NPN bipolar transistor 2000 has a fully depleted
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with its depletion band width wh < Xn and p-regi on 601
| arger or equal to xp behaves as follows: At (a) zero
wappbien2bi as vol tage, no current flows in thePCEUSIMES/036398

As wn < xn, an excess nunber of holes builds up al ong
t he edge of the depletion region in p-region 601,

n- tyﬁ@ef@t?z\/oﬁr.@éﬁbn\g A @[1 cBliSH IdiG Ll JhCr:tter or
Vol tage otenti a acr os hi's secondlary el6ctTi ¢ T 1fdr

as ajelieScher pyr Nmehlpeﬂﬁagérvg%@t@él ey ndfigerdel 9 (b)

shows< | NEe z«nwthaﬁﬂnghguampl ueglbrt@a vlthty@&e ﬁégf@ﬂw@l@ and

t d. .V - 60
2016, e;mfllsrh2&?:’(“§ d%ﬁ?e?eﬁOlk f[élﬁ§ 'aﬁﬁslpgd:tble"%llownol tefgrent

translnNstcm:rce‘a@es¢t¢hessecsnmayybel echiiewefd eis:trd;c‘dre@s(egs more

hee g c r I e I d [
diff regi o%ﬂ%%ﬁ@%%%ﬁsr% %oﬁg EHQ@ ég% Z‘%ﬁ‘{erresap (g%r
non- Jls)q ‘él@fasql@ﬂdt-hanna cbaverricopdle ,prigpinstédregions
2006 bm@%ﬁ@ez@@@omawme{:%hghgt&%' 9 oyiod a{hd SEMRLE be

t han t%hrdeﬁﬁl etion width of a conventiona

‘}Qf??c? WRE N 60Bcpd daplabrens §|Ontdéé‘i@40fl3ﬁ ng Base P-

type m@mm@m &5 gm@di szomemayohnggeb&smaes ghactedid® &4,
PNP bl ose VD an% S S€P %8 i ed bi as volg ge. between 0

RS andr&%'sj(sl" = FRE<Bay3plsg Pendsmed according
to pmo"rcwaﬂceandemmm@ fortNBNetragstibtough 20080 and 2010
abovesUfficiently thin depletion region. Nregion 602
remains fully depleted the entire width of n-region

602. (c) Wien the applied bias voltage is between V and
e OFReSHA s Wof t ndePNP\Branyisiozsyohanpge mien one

or mdi@kﬁﬂ itore W Hdigi ddnddatfoP- FEGL 6Rs Ggieaegmpl'é%%r'dov\gie@(i%ted

The urr nth device.is a sna
vsing S Frabi Y T [ eORP LT e okt 21 GOPRRN- oM tex
conflgmspu:tlml(tza.gﬁ ivel Bh ldhidt &y . t&fmﬂné/ll\lzoswgﬁ:bfuﬁki@&lel as an
h | i dt 6 S i f.i cant
examg1® mﬁll o %é%ﬁ‘?ueguro ‘%r? rie]%@@to ffu% (%? WRERdyna cufrent
flOWSaﬁmwne@H@tet@rvmqgug@ Qe dso tipese hreghohd200bt dgee.

elect('rlon% £1%wN FromVidh de &Q%@W%t%fﬁfégnkeg&gﬁ 2006)

a reverse hiags voltage V 1IN 1s applie

when G%ttFﬁe FEGHOR (IO G T TSR RiRSGAngr ASTehbiased
relatieeetsebhisas reglilcag@ 00ES easies dlerdelves SLc6HEr €A cut-off

LAgrea st ant.i al | ' NBD 600 has the
node BhE8aLI8rER8"Ra SNANAY AL PR aR hEr o
not ead0teNBDegAONARHO 6stodt SN Harages istcter zom(mrmrﬁnbaaseﬁlced

 doployplt sspobelipen B Vad B S SR V2% (D000, 1o

in a §éf19@sthétaméemfcéﬁp85@ml¢éceap \Rﬂqﬂag'e m@aflslmr@s;sleted

FlgurNBD63QQowén@hh%5<a§@1‘éd'dfe"ttheaclqpr&iaﬁgaé@effﬁpégsgf]tNPN
=JCn (i.e., the non-forced

transaﬁﬁggt ?gﬂ gf é%“?l gﬁ%]ewerror%?eofqmcbc%ﬁwa%t%e Bhere

dashefliehaneoshawsathenINocted NBR a1 AL G  Ntbrdwe®ffonal NPN
89' ment of the present invention, Figure 6 (b)

transZitRe- an NeD having two regions (p-7egion and nregi on)

According to another embodiment of the present invention,
four or more regions in different combinations of fully
depleted or un-depleted (i.e., conventional) semiconductor
regions may also be used to form NBDs. Further, whether or
not a center semiconductor region may be fully depleted,
between two fully depleted adjacent semiconductor regions

results in different NBDs. Therefore, all variations in an
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whi ch are both under forced depletion condition.
According to other enbodi nents of the present

WO poves43on, Figures 7 (a) , 7 (b) and (c) showpCT/US2005/036398
di fferent NBD configurations, represented by NBD 700,
NBD 710 and NBD 720, each including a region (e.g.,

701, 711, 72 722) under,t | etion
NED wiohurErBRctaten ChinaeTea o RECE £ER! ELkad, ene
numbe¥&2 orfs fnlﬂypdegllm@&d\l@gﬁ%ﬁanwmemooc an0belseén f92§ ced-

NS Vign Y S ,8th
serie St AR S ey ek gt oo o
alignmenti @err sztml@ﬁ!é:ag@@n g FempkerniiCcEan Eaghons, the

dlffek@%‘tugl'oggngélr?c‘%c@ht&%tgmnsg%e 84d1thBR21th8228coB3lof the

1, 842 d 843 .
presep§piAYEHTEORtr atiiéh qr}?ﬁ?éjr %rb$2r\é<ér§]-gié%{%§$oﬂgf3&gtlon

cond:.%@@ﬂls:]Wiheﬁp@;ﬁsﬁﬁnﬂ&.rﬁé@nﬂmﬂ&ém)be dppladand 26y
show sonme of the e

deVlc% )“fa 0% 8NN AVent i% on gd&%%%@%#%%gﬁg Eggic' EL% Aot
fullyshlewlsadnwl NBD@Oailfa/ Zdre lmjp’hrle@r bfex $ethagedesack. This
may aﬁ%%'ggs%l%o %?%é%ﬂHévl p-region (or nregion) formed

acent to a Schottky barrier or an ohm c contact.
The Schottky barrier or ohm c cont act In;rgoses a

ul
dépliet ikeewit déyithe Gt Fhat yCRREF 2T BNR- FSﬁFaﬁg Each
mater@hithesetf Wdeatdep eileda r;egu@se rmrymbe consader elinstead a

non- f qr ced forced depl ur 8
p- tYp?hQ\Rg‘lﬁBSOI%t% Cafty "é\%%l%‘gg%l as? volga gp% S%%)Ottky
contaeanduidtornas slﬁﬂlcamw&i)a:m chepl et tont aegsom ovfdedthin

deple&%Bnlg%gﬁ%tnl ng 1NBR %%%%I eégcﬂg ofé CcféEEHHt ushRg a

regi on | et ed under a
hlghlﬁzoﬁ@@@dd@mtezmeomact@mql orpsmu %ghhgkwt foPgdsPrkyRe

materQ%Q.l &lahy 0 B MR k80 1 T M Ay NGo € OpES& L 88t hODoWwNenough
-regqi on 1802 [ s uf ficientl “ghgnlaSUCh
0

hat
resisianch-op B o dner sl Shveabions
creatad @hm—&y@wmmlcarwbrcmmuoimng%ﬁ ¥BPnstauSthoet kirich

rier. to.n re 0 e
lndu%&lst 89€9 %l’afcor’rrgd gpu rl(?a‘%tcli%ﬁ[) Q—é&’ the‘gﬁmnne¥§é§s%rB %égnt
to thabmtfamt NBO 60— thave ngeq:mzn c@@]@@@@tu Bti¥Besherigs
oppos:.&&%t 3 tc%*?ft%%t conducting g aab6Ye] Sendi Bai1andna

everse voltage ‘when connected W th a current  sourc

potentts ader fek g s Je5 o 90 D 25VRR FBPHED ana the
contaS¥bshantinal In- dﬁ$ikéomy@@&e@naft@rtapelncreas1ng

Schott ky di ode u T orwar sed uti IZI n
and dEGHsE % fr?aweﬁcg%las'rh%v? & b Bl i bRS W aphon nas
anothées deifled iabowediam twietlpim j Une tnent cahf rgaiani ofhaagorced

depleki):efdapp led .0 E_lerrg rEeuff'Jl %H(:ff gﬁ:Pllle{bOQl g; El..lﬁlc'leling

epleet p-Tegion n-region 18 )
betwelémgtﬂ:ﬂ'@ ®ntEcts rows NBD prgavpatregier o Brasg, Pahype ohmic

NBD sft%nu%tt ek e At 1813, rabi ShaRke 5OPkach Sa Ppo¥iyging

for connecti'ng NBD 1810 to, an el ectronic ci rcw;C

region BEgi ¢h CEBEAGEs | FQMQIeHt BT WRS tREeFS a f DR cBROther

embod*ﬁ@ﬂﬂ|d¥7ﬁHH“§ﬂé$Hhtfﬂhiéﬁﬁléﬁeambdﬁhaof parﬁgroed
i@ﬁ%lslessthand etion wdths 1814, dopi Nd Leqion

depletbamtEs Gr SRR GG eD TOEArT: apang) § EvBY reg

adjacent to n-type region opposite contact forms a n-type

ohmic NBD structure.

A fully depleted region may be created using a p-type or
an n-type material adjacent to an intrinsic material. In

another embodiment of the present invention, an NBD uses a
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hi gh, such that the junction between conductor 1813
and pregion 1812 is an ohm c contact, and conductor
wadodse4rs a Schottky barrier to p-regi on 1812CT/NBD05/036398

1810 when reverse biased perfornms substantially in the

manner descri be above for NBD 300, having

E%QS%aC egiétics.sucg as fgs% SMAtChIn conductL@ at
forc FReS bPAsT CEhA a*F §05F Voﬁtgbeyﬁhen *cSHhétt
semlOMﬂduGt@UrregiOBO@dEeCéntSEDIe$ 1EBBt1®h@® underinsic
semidSHAREL DI 2 gpslafor ﬁHB%&%!Et bl b S U % dresent

convent i ona ype chot t er forward
inverfiigyed UNBIPHZiSﬁ@ @omarﬁeréeﬁlafﬂ@ﬂl@rt§d Tedererghierted by a

p- tyﬁé”dthﬁeﬂLﬁ @ns@mgéanQ&tUBDré%Q@n GEH adRPlted i least
xn, bui in voltage V D and threshold vol t age

one “%WF%RS%FC%%Wéﬁ??%ﬂ%FOEC 68tKY -di ode are deterni ned

usi ng an nregi on doping concentration at a zero bias,
(@ anfmmmardhénsampfkypeltageoﬁ uhaﬁdhiyxﬁegﬂﬁtaﬁﬂat zero

app1 0 Rida FoPELGE] St 21 £EBuRR IO AN SO Bhoresore,

i on MA hwn of n-reg
a theh802lig @@m@naae@dcgncﬁnthaarrm@g apleoiwEr @ﬂouaasnon fully

depléqgéi M@n'snéﬁﬁélfg Qgsgg@a%ggounnar%@ﬂyéﬁgﬁyﬁal pn

ins” depl e t-in voltage VFD that js
Junctéqvald%%dev&lpv & %%abﬁ%ncwrwt dgpsl ngd) OqRaY; orfs @
fullyl%ﬁéﬂﬂedsﬁggi@ﬁl Ud'ﬂhléeﬁgebéb\éﬁbyﬁ, afiulelic@iter i tHie d
pe segtlons of differe

t
forodih I VUCP oRLeCRERBS dF AgRP S RGO E Buii e fieRyeted p-
regidqu esenthe nvent fuhlyadeplB@tmaly reabsonbenidormad Suml‘ngloles to

nove Y5 SR SOACHELEY 460L00s 00,08 1O il ANV igoce
p- reqnu:m,y mpt}é@*édthef\ Wlanssst:@ndﬁawﬁg at [Zexst Dis 1 ulJ1y some

NBDs,d%ﬁh§{Qgss§n38989@9%081688|Oﬁhbsc@ﬁtH§@§Mﬂdﬂﬂhé'H%v1ces
scope of the present invention, which may used, for

can agtist @ PRt ¥3Rj UhckT bRPRi FRIERB 1 ect enna descri bed

above. According to another enbodi nent of the present
imvante of( £ Fi ghises d91¢tplehNBd BPNsbicpahacteeliice series

b
in o180 4 R0 SH0 S 1L YL R0FSRDE BO-PORL, S, G
suppliegidrr s %@faummt|§cc@r§éngothaa§pélﬁé@tlpaﬂ of the

preserrﬁgll%&%y@ﬁn oRpl L EQRe ! eehenéuiégaz eadt%%%S ANGhultiple

ype re ion 2024 sufficientl
NBDs r?émf}eéF 9 gﬂr%ns%jt%e%od@ﬁ?%?? gﬁéﬁr.?ézg‘%ﬁdlt voltage
that Gentact: Z0P3. t s pot y@esmgl@nNBﬁZEutpaut frall te@@.ONNBDs

ff t] t I f t
may B (IS G AT EL o TRoPERLeSbo9 alaBUSs CUBRG e that
is gr2@a(er stltamstldersatwrd vl cedcdepertedfdenycefwite Serlally
connékgéﬁ) éﬁ@'ogﬁforCé%§%%oFﬁ§dagﬁgE§tngﬁﬁgs'énd the manner

consi red n ete VI Ce en n-t
of cqmmmcz@,zﬁvasmmpm%r@ ddgapredegutpayi @@1292;@:-:. or

curreggn§ﬁg§§egeaa&9g¥ﬁgilonal devi ce when n-type region
2026 has a neutral region between contact 2021 and

depl etion region 2027. Figure 28 sho |V curves 2801,
FEEL LN 2883 957 %fc%%e%waﬂawea vPEePLESRES- fErendion,

NBD 3daEplreiedollerscespisk e oasetolitphehad deyi tew reverse
curreﬁ%ﬂ¥ﬁ¥égﬁ%fa ééﬁ%&%g?s 3 récgsglca 90%88% small signals
(3) rectification of high frequency signals (4) conductivity
at reverse-bias with appreciable amount of current and (5)
reverse output voltage when connected in series with a current

source. In addition, in a reverse bias mode, the conducting
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are exaggerated and provided only for illustration
pur poses only. The bias voltage is with respect to

wo piobp4depl et ed ntype regi on 2026 therefore foPEEDS2005/036398
bi asi ng devi ce 2020 woul d be to have contact 2023 at a
positive voltage relative to contact 2021. Wen device

currefdo hiadD TR Ghbl SLTBH Tt DY 2859 Wt iaa the leakage
curredﬁploe‘i izorcorepon 2928 diddd pntosasesbrEeduiony .cuferther,

as tred®hids trb%édﬂé(\g% Egjzgécleﬁéeaaegu%%mﬁ% level, NBD

onventlonal urrent mal ns s

300 imchistepily iralseadagecetprenPyWant i | Ng@pltapiesn ofegiigiruits

for ne¥6A0NAHGt S, AR, depJgftap%5e§hemn§02§1\@n@tlnn and

I ncreases, suffi ci entI hat |tE=,i T nority dlfoSI on
t

wave foggt KOS RIGH et FHHP ragi %lew A af“Bnl%@r d Usiigg NBDs
are tfhlusl s dimIeas e;b@@i@}isdﬂle&eseeaﬁ)ﬁ@ @eewentalnwgi—)type
curre NCIr eases nt | p on ,
nateridl arod Mo Sy eR T B ohety iSRRI PEf R Feder, gtiode
typesexmmyerhe a:hieyatetd/ hzjarmedjz;smng sthasddpdrtdevi eg d2®20 which

elig Net, %P i
may bn type reg| on g%g% eagrﬁg%v{]g% t ¥ gté gng%sr%%ﬁ%regpg%bove
By hamumgﬁmumﬁﬂR#Qwﬁrt%m%na@@vnt%YEQZUGEéOéén@én@ﬁéﬁ&reﬂq

doplﬂ@%ﬁidaﬂ'@a&ra{@Ct@fhéf ' &:Sodi@V@hﬁEaEtéiﬁéta%sf @ s the
bi ased i n that | eti on region 208vv|dth decr eases

saturgid e UEREGH 1 %}ﬁa%ﬁu eh FRCr 4BBUL/ 85T ing a

resistemdoread deptetededeviceert¥ngimve 2803 to
conventl onal device IV curve 2801 it can be seen that

é "\% bl aéﬂlﬁg%ﬁ{?éﬁlt d& LEfid ﬁf‘?g\éﬁts' gkz'e%ft'l%é]

ce t reverse DI asi hé no orced ['ete
dlffed:@ntcezhmcebm@fmq:al of e e%%lé naycher eﬁblstveal using

PR MM £ Ages MBgN 1 dgle L heRgt BegenBYaRL ABRlrial
dege ewﬂce:maThls behavi or can beﬁﬂ%dergt ood hy the frégt °

tYPlCtaHé-tY ¥R Foricmr et A r%@‘?%ﬁlﬁﬁhéﬁesFﬁBC@ane as

chara@&@ﬂ@ﬂﬂ@a&wm ovlomt@g\ebfmm@ésl bhaseldrbuugeegduehs Vin -
i at rev rse as_.expl ai ne ove

An NBﬂwé"rl é%e"‘n@h %F%seqo %a\& ATH S %etlil%n?gve s2gd

negatmvme@se)mmﬂailtm eemeg®sd . rBiguse 2arpeénshwivs| the

curre %C%%f%%dﬁm¥t?¥;éﬁﬁ%§%ﬁé¥iéf%%@nogoﬁﬁDsggmeQB¥hBQted

onent | i ncrease 1 n current instead
uan%@;ﬂ%ﬂ%@%gﬁ%%@ﬁ’ Eovd opavabataef ¥atéhageh¥s which is

not c@%@%ﬁ&kﬁgkﬁorCﬁﬁDdggbelﬁdtﬂﬁgléénEYg@Q%%QO%BQ%dN% a larger
conventi onal vi.ce IV curve 280 it an be f en th’i\gC
a Z age

voltagRorangee i Fibrahce o rp%lﬂv%ran asPhglafyg veo

ranger evlem&dm asidtivAS Bl st areck aboleaga 6ocued deplletége to
.Qn b haves di f.feren urd ng; pngre in r

a cony B b RES Hlsr B g4 ST B T A RS "R, b Enercace

materiiadseasiFHg e Vi @ bi sisdway e welenreetovah‘daves (IV)

charag e'ﬁ%'t%g & A2 0200 mgﬁ]{}iﬁ@' @égéﬂeréegemae&hals for

tion reg] on 2028 i NnCT easés and

anotheéguvedu@ozzef er hilckydis gedestesheil Be sc%rfb?rﬁlf ot‘r%e%he

thresh@/1d vloqvc%! e mf‘l ngpgdecigashng Eenwagwriitasnnhake! Weeer
zero. and etion region 2027 width remains, the

mlnlm§$ﬂ§Q%W?§ﬂﬂﬂ LS and reduced negative resistance

values than a conventional pn junction diode utilizing the

same degenerate materials.

The above examples show that tunneling devices can be
provided by NBDs, in accordance with the present invention.

Such tunneling devices have desirable characteristics in
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region 2028 width also remains the sane. This is due

to the potential voltage created across p-type region
WwWQomb/onset ral regi on mai ntaining the same pot ePtT/852005/036398

vol t age between p-type regi on 2025 and n-type region

2024 . After an increase or decrease forward bias

vorc§48! EoELieEn 2eh0 anfole o e Lysaholl uolt age. o

region ype region 20 j tion
embogimenped eﬁaeéanbylvveerttlen,Altsmr@fltlerg tchii s o rwiat ol

difF&I-ast CYSAR (8PLELEPNPLEW @Rre2d M |x}altlee3}' %P@éf , or

e. the t hr eshol d vol t age _i ncr eased S VO

Vall€§¥ AT PRESeBACt RAFCaPPSISERGE- of 198 ﬁgeqee@ﬁ:y applications
using reBBfeypedt innel adt beshake ﬁ@dﬁﬂbid'Wﬁy”¢é¥&lng and

d 6
nixi FTaEh e ebE8) Plaeti Rralehiaeadt SoaRo e« e 2
usingia ecompipet ieyi oh QOEE)agenle‘s{acter a2 SRy eateovest ¢ hﬁaﬁéﬁ:lals,
new ORIEEL &bt Shegerlot,bacond A8l ebad gy 6820230 Alic

an 1 ncreasi ng/ decreasi ng rmar asing
devigg®l- V3. The reduced threshold voltage in forced
depl eted n-type region 2026 nmeans during forward

m"uaﬁsttﬂ@rrﬁcbhfé entha Jiév&bewlac hees rdaplcet kWAt H O, 200 +
n either the nqgn-forced deplete

a lower volta
teacifing e e SRRy ol HBYEege ety Saguai G OraRg qihich
can dpesatty,wekponent gl stgnetrto-noteaseatdeyr swhlch makes

I e L dt h.of depl etion. .
them HEY S0HE9%¢ Fal8 L0 RPRERERES, Mo bRed Al i ioat on
SYStQI@?J-I etl?lbﬁwilfre@ﬁ onQ@0PBgvegai fes ahbaﬁglememe@ama/e)ﬁ)ltasa

presek%ﬁf olrrezeerwp&@rgféﬂ pf}él{ziSB& Bk eQE@HB ohd l3hd ga not
NBD of resent i nvent1 on

| eted regjon within a
repr% e cﬁ“&/ R F e Rgof uFeene@t}ngf PRRE St i ypeale, size

or pdkﬂﬂiﬂﬁﬂirEﬁM(Hkampi@fcedpdeﬂéﬁkeaf kheBnak Wi shown
um t he Fer orced ,depl et €d

uj libri
ne0s FH didadB A Rk ouE ahirheTe ko g REho Rt oedr
lmplamanhaﬂuana mgytimckmdmn@theneseasydénatieaee aThel figures

used Zﬁro d‘elérc,rﬁrﬂlrfﬁeut > grfég\‘?egﬁéf' &rﬁboalﬁle{i\t¥oh¥ﬁ F\ls invention

difference in regi ons adj acen
show gegiQadudRoregions i w0 920D tonpkelyl ﬂ?rdeplaetie@laced

in reledishilperdd édﬁéﬂnéé f@&L§§§%??QM@f9 ﬁﬁ?pbgég' BRLG.
ul

nduct | evel
Adjus? ﬁ%? &%ﬁ n%ﬁI?Y%ﬁﬁ%§?aYdV%rHeﬁFérSP|ﬁPnQPtaln
hlghelm\palc]dielfgordemmJttyag:e: chff:emem@ﬁ aA@c@f@ﬁﬁthbnthe present

raI acent to t full Ieted re
1nven%§%%d on t qﬁié%gifﬁﬁeg: @éﬁ%ﬁ%%¥ f%?tfﬁﬁcgdcontaCt
underdépm@tédtM@Gn@M§\Mkﬂﬂqwzﬁl%ﬂmhﬁyadﬂpé@liﬁﬂ@peAmaterlal
can ab%e%@ah %%Wﬂd%?wdﬂaéy'égmécéfmy &f voltage: - The
eve

forced depleted region' s Ferm is forced toward

égg sem conductor intrinsic level. The voltage
eilat €gPLEtesi Fesicyyinsia fdeyica/at zero applied bias

voltage achieves: (1) When a region is fully depleted at zero

applied bias voltage, electrons at the contact/semiconductor
Junction move from fully depleted p-region to the n-region
(positive particle (holes) at the contact/semiconductor
junction move from fully depleted n-region to the p-region) as
a result of the electric field created by the depletion
region. In this case, the distance between the fully depleted
p-region and external electrons at the contact/semiconductor
junction (the distance between the fully depleted n-region and
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- All depletion regions within fully depleted regions
w Il have reduced wi dths conpared to non-fully
walepbesses and conventional region of sanme nat ePCHUSHS5/036398
fully depleted region. During increasing forward bi as
between zero and V :- The forced depleted region' s
[y erm |evel . -
GXteggéFe?%gﬁﬁéggFéﬁgtggggk|ate %%t%% {;rced depl et ed
contagli sANHEPREBIH O hanaCEaiaa Jwiidt h@rq)ur iA%) alecesabtnga

revefgéw@wsbbaﬁdaetmen 8@ maNd VS ciridded her t‘a fﬂ $£NQ fully
cent neutrﬁésre ions to the forced depl efed

aepL §EhACHTTeHEHn Rast GREGA Aty IS R G hEerni | evel

cont&@ﬂéSemmmandutﬁbtlﬂ&n@themela-fdﬂlyfﬁﬁpﬂéﬂéﬁrﬁLre ion has
e wi dt h mnthln

e N i ons, whi-ch c n.in
exte %%gcégg E%& rgﬁrFéﬁﬁgﬁs % l@ﬁ Fb egadepleted regi on
contatehsehacgeductbrbiuhgtipni)n acdqeao:@rwerrmtb:aés reghdnstivity

occuz'@ewieﬁssé erhezeeﬂo&a%%ﬁt gFerm %ﬁé %}ﬂé#té&? {hene

samne. p etion reglions asso ate orce
cont el %?@HCP’@,@P@FOF(&DHﬁ&ﬂ:ﬁoﬁhéhoéfesmmsd?t Hdie -dimpgction of

the Qﬁ@&@fi@nfieyaoaw@tea e@nthréceeg%ﬂﬂbﬁm@ i h thide

% cent . Eeutral #ﬁg#ons o.the forc depl’eted region
QXteﬁﬁ PATIBAYR PAT FS BOPHES) n 3Fotdist i a5 oci at ed
semlawmﬁmcherf¢nneﬂ1dﬁpmebedlhegh@nQMMQ dm&euah&nxbfﬁﬁhég

heir.t | d t wer._, farc em
electifody SIERAR: © K04 B8R Tan N BufRii i ¢ e
bias agsoldat edaviing &hbreskdedndeplébge, r eg dm ngiet@se of a
convéﬁ@ﬂ6n§§nﬁl$ﬁgth§4 BM' NBS b%%%ﬁ%go%'a%onvedgléﬂﬁ%ce

devi ce has only one depl etion region
junctioep depbetiont rashPrseistpi YO ﬁ‘éelcﬁﬁfé%é%?]\ﬂ:ﬁ t age)

, any charge storage due to decreasing forward -

b]"laeimefsent rmﬁds}aﬁtfbﬁ iel appedcabhe fao_rs@ed;dllad@cﬁ;te&dua

regi on! rmd Level npve ward its,. sem uct or
elondiith Mende T AL o BAERPRES: RoCPRBERal echcl trlisuEDs
of thewtesdihe fepértion cegi be umeflowded Qeﬂaﬂmaihﬂyyany
anterflPA A2 Rgalive £O! aBhi8bevah! Rle,LhEOYGN D%e;g W -

If tHe device has nore than one depl etion regio
convenl by cEOR 3R %ﬁ@%n%arEVE?sentWhé@hopél@éﬁt@geH@%L@um

volta@@@&kldmz@mﬁq@y bé\nae@@amﬁeat opRd $baywndkh la gap
e device c a erse cuggent The ,f or ced

th
may e Rt ¢y d’ﬁl 55*&%% BeRPPEREGHO &e "Aen
frequdnnyknespnnaepandymp|mgtheaersesouiaeeﬂ NBasedyobet B2 aced

cat orfPWE LS EUACLEIL BhLESCLOLRONRERRERd dBRLELeT se £or

regions W tH are as
such @@uaﬂﬂﬂﬂnﬁntypﬁwa%am@nasaMMQn @apleSEgrachennﬁubﬂement

may WRERIRILD Y 6Girfhnd HARI AR #S1+855€881A8s and, at each
maximum voltage point along the antenna, place a pair of NBDs
to form an input terminal and an output terminal, such as

shown in Figures 20(a) and 20(b).

Using the parallel and series connection discussed above
for connecting dipole rectennae elements into rectenna arrays,
a device can be designed to output any voltage with any
antenna type. Further, the rectenna elements on each device
may be different, so that a single device may be made to
capture various frequencies within a large spectrum of EM

waves. Also, different portions of a single device may
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- The sane as when utilizing a non-fully depl eted

regi on. Forward bias decreasing - The sane as when
waieiobiozid3ng a non-fully depl eted regi on. Rever seCHUS®05/036398

If the device has only one depletion region, then the

devi ce conducts at near zero bias (no threshold

inc1ud8! £888LnnaThE ARRILE! I3 Ji éyéﬂﬁ]JHHbﬁﬁﬁC@QpQQDEﬁBGQhese

regil on Creates a negatlve VO tage roug devi ce. -
diffe¥@Bt JBOFEd ORgs Mdr & Mathie® R ToritEERerntt ﬁeactlons

The pié@eﬂev HEQch®S o eV ele likiasdol b vold ags & bf@@ksﬁwa

forced pl et ed regi on ad a
des30RogiPhy EOU G Ea g SR e SR 1% Trens ngsgeribed
abovel e¥er secouﬁaamie wiitGu tde kﬁbbdmnéﬂtsl shovha tabéetobn,

NBD t Ir C t
each g % rst co %ﬁ“# g%nt %% I ef:é%zf a%ﬁaé rq tgg?he In
additsonuceurecsenrize aNBByasanf HﬂﬂiQdﬂLRQI?E&NW@r@HﬁatEpe of
recteRHé bDehbRear, n%rlle xa}%qet erlrﬂs m%m A ceheibhe a

Sstructure are the foll ow ng:
portignnfhce- S@ﬁﬁ@@ﬁ@t&?@EmﬁﬁﬁkFQNﬁ%q%#tlYﬁwﬁo one frequency

and i&oRtaat tSeEﬂa@Qﬁhd*éCH:%@ SrivaRAd Gowdy ntgme FRFID circuit,

rced ete -type regi onP _non-
while{SHBtRefopPEtadth oty p Ea RNt AN 12Efgegeed for RF
transdepbebadandt ypeepegionn 'SRdForacedr rarfpemett deplietes the

requlgedyHSmijgg' 8% p'grts réntdyrz):%ea sorb \%c;x{kr 2&(51&5’:55’@' dﬁign

pe reglon mnt reglon
The ssegbﬁdpé@n@momttrh@ttl@@l és ﬁmtcaltﬂé@mtmrcmth@uous

dipoldBepfitl h% derletedinegi-ar has dHes ksfdniudeyel cash usted
toward the sem_.conductor intrinsic |evel A f orced

Separ%l'é%l 2LBALPEg A thRNIP £hee AROTR AN L A ePR s | ‘Eentloned

only pYesay wkichgsa mﬁ&-b@é@é@tdQMVﬁnﬂhdﬁxmsﬂhpbﬁﬁbihﬁe also
rd and.f.orth coI ms .define t

i.e. "No" . Th
to nofraTanehy PEERYE | nite 1 et iar eth AL HE 4 Fr 1 88 out

usingiditseastagpamdisdec Beasiusg h@rWQKHCHiaéunguesent invention

can r%gﬁffg;b¥§§yh15§r?Eeﬁ%%ﬁg:Cat :§0| §EE a of the

that t Ferm [ evel
present ipveptdeperaneler @gﬁéntﬁao@@étqqﬁmm%cfdrﬂg.wy hlgh

frequéBEPl EMewaleBr b@Eit9cheNRY f@Hd%‘*ﬂ@ﬁﬁdﬁion'éhiﬁﬁb
I ndi cates that the Ferm. | evel f Fy Iete
ConveraHPdn ﬁBWegeWoﬁéFagePﬁée§eﬁFb é#L RS YL ean now be

ach1e+@dehhefhepteh&busmyuwerendmpﬁaﬂxﬂM&ﬂtuﬂ imposdibbhe. This
1nclud $én8°§%ﬁﬁ%lﬁﬁd§8%%r Frofe ?%ntlaﬁ%g 5¥sfg¥g 7 éﬁ%

reverse po
SPeCthair (et ar e. sTharserengydl and |fﬁ@|tcerte@§qm tmo’cm-msors

for oﬁE@béirHEBHEEﬁnﬁhat3b€§c§ﬁen%%W%ﬂﬂéﬁ5TH§t

conduct curre . _threshol d voltage) after b|a5|ng
lnven¥¥@Ps@?hé#ﬁyetoAaNéOrﬁeéﬁsfFﬁSPeﬁFFéF &t i&easi ng

efflc:f@lﬁ&‘\@ég RhgSbboukewednbynuandepradsatd drey W hditdssHBelds

and cooflng devices.

One of the main obstacles preventing the proliferation of
solar energy conversion systems is efficiency. The main issue
with efficiency is mostly on the rectifiers and the ways that
the rectifiers are connected to the antenna. The embodiments
presented in the EM rectenna of the present invention improve
the efficiency of converting electromagnetic (EM) waves to DC
electricity over the prior art by providing the improvements

in: (1) full wave rectification for a broader input signal
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15

bi as cycle) that one ore nore junctions have a

different potential barrier then prior to the forward
w@ywbe4432ccor di ng to anot her enbodi nent of theP@r/ES®N$/036398

invention, Figures 19 (a) and 19 (b) show NPN bi pol ar

transistors 2000 and 2010 with no external voltages

ereauffieRd BP0E T06 Has S TATTS Hon oL Cdn: Tybe Logien 2006, ()

solvipegi @hewé(plftm,et |cbwpeunml%sawem<ﬁé?l@rf8as 43) providing
an ou%%'ulte%b‘lﬁ:af 1R 1D o Q{lc%H@LnSéf’fi)d’:l@ﬁ@Q b§| g¥rei39ng

shows  NPN 2010 haV|n _%¥ de Iete B
SPeClﬁégF8ﬁ§l§Gf4-” Vtade ahh GecBPPee: &P, @
smalll espeelli,velay). ﬂﬁﬁfewayé ﬁdeummfﬁaw1@ﬂawathefewbkcs may

.he achi eve in one o) e diff n n

recti é&F&nsaPﬁgt%i é?fcno T urg%%ngF 88% etehes,
one fdemlehbomeuﬁmhad(ﬁM WHNe(ﬁ@ﬂWﬂmﬁ ©@m¢ét@derégpmn§he

6, 4 an in NPN transistors 2000 and 2010
QIGCt%%g 63%%$t ungu%gforced or non-forced depletion

condltlons Base Ptype regions 2005 and 2015 may al so
U@l#&d@nﬂmIQ}Hﬁ%ﬂeﬁQ&anﬂGD%ﬁ?xﬁ%ﬁ t¥ansidusrrate the

rectedihnbldC byl ehd TRyl it bignv@itiRsh AcEips dxh@ﬂhbdsDElh.B@hBls@Si
descr%ﬁpd fo NPN transi stors 2000 a 2010, a

aboverfayp 5 TSI B TS %’{‘ ?%‘néh‘éé{assmﬁélﬁl sizes
into @he aedrtermaofoft Hdia messeadnductemtiegi ons are

conpl eted depl eted. Using NPN transistor 2000

TRl QAT Jd! R LA S IE e COL d%:EH{fé‘Hé@nt(:' iflustrate

th emtter te 2003 grounde as an exa

the sm@ﬁfém SO HERTIE 20 e salmw Repl é{l*éandsdc GPr bﬁt

llmltf |n@;;WS RN hRid i Bt O ADGd® Paseat €ghanw2@85n the
el ectrons flow from base r g ganOOS en1tte

SCOper€§|5ﬁe2§5@F AR T ERD 1 g Fs r368r8§85en

invenhiased soseterfoditasiad thed aféo Meowindaskairgi on 2005.
This current affects the cut-off node operation of NPN
transi stor 2000. Dependi ng on whether or not emtter
regi on 2006 of NPN transistor 2000 is in a forced
depl eted condition, determ nes base-to-emtter voltage
VBE is in a range that nmaintains emtter region 2006
fully depleted. Figure 26 shows an exanple of the IV
characteristics of NPN transistor 2000 when the
emtter is forced depleted. The dashed |ine shows the
IV characteristics of a conventional NPN transistor.
Accordi ng to another enbodi nent of the present
i nvention, four or nore regions in different
conmbi nations of fully depleted or un-depleted (i.e
conventional ) sem conductor regions nmay al so be used
to form NBDs. Further, whether or not a center
sem conduct or region may be fully depleted between two
fully depl eted adjacent sem conductor regions results
in different NBDs. Therefore, all variations in anNBD
with respect to the sem conductor material types, the
nunbers of fully depleted regions (whether or not in a
forceddepl etion condition) , the nunbers of
un-depl eted regions, the alignnent or orientation of
t he sem conductor regions, the

3 A rectifier (typically a diode) in the prior art requires a bias voltage drop across it before it conducts current. A
voltage drop creates power loss, especially for low power signals. The voltage drop issue is important in solar
engines, since the voltage drop reduces the voltage supplied to the load.
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di fferent doping concentrations are within the scope
of the present invention. The forced and non- forced
walepbe43on condi tions of the present inventi onPCHOSI965/036398
applied to any device having one or nore sem conduct or
regions that is not fully depleted to nodify the
claimehavior for such a device. This may also result in
new devices. It is knowmn in the art that there are no
ontact, materials that create a true p-type ohmc
Gt ™ nstead a p-type Ohnic contact may be
enmul ated using a p-type Schottky contact with a
duf fi @ ertdicdnducttep| @ vose f egoapridhagt hi Bed@RiRidu@t or

. L egl I i it ] freate sing a
reg%ohigﬁﬁglggte ,&5?3%§hﬁ§%%?%§iz%ﬁ?nélgghV§%#§g806&§oss the
semicpndpsd omdaviigle .may be undesirable or may not provide

a | ow enough resistance. Another enbodi ment of the

resent Jd t . a p=1ly ] ont.act ,usi ng

B NED S M b et VER UL, 00 fer sy
comprd&pingt éd cenbpsd rBehianenid) teenfirst t pemtonnduttamd ragion.

p-type region adjacent n-type region opposite the

gont agt . R A #gww e: buk{t-in,po Lals

betmeensfﬁg'force dep eté%aﬁ%gy%€u$££}%n}éng8?%é%r
compré§ANgc &RFOTRe SEMAFRNGURioh eelekdieediagt ar panjunction

with kRer €a%istg said ARiRAM NG dpryRrd bias cycle if the
p-type regi on has another depletion region withinits

neutral region. The forced depleted n-type region is
§uf fi & ESTPFOPRIUE T A0S uhhelR gl dER wkenwhasein the

semiceaduatbragdvibe RonRETLE Wurddhns PabyPsnehgi ¢yNBD
lineasgryct%re may. reduce .t.he rgélstance betmeenda g- gpe

Fadi of"8Rd a "ESREEE 347 % ot @I uls RS | ACKABEhERE
pn-jueabadnnent of the present invention a contact, a

forced depleted p-type region adjacent to contact and

n-type._reqi jacent _.to n-type region opposite
 Bont oy ST RoRBuRthY S NS R RSBk the
firstdephetreddnegponregy ooe icr eatiedraesl miprd g-tgmpereyian.
n-type material adjacent to an intrinsic material. In
not hgr ' f ¢ resent_invention, .an_ NBD
_ géesgf Sggggghgg%? gddr? g’g“lc%n%csr gé’té& V' TPty Bhe
firstpseppeosdnirtonduendprry é§i en nadi—cured clegildtsast vagion.
intrinsic sem conductor region. In another enbodi ment
91 thg PLASEBHhaLBYEH 'd%'&i%e“%@ U$E%12 190 f Q{l%eexdein the
~depl eted reglon created by a p-type or an 'n-type
Fermi skavebndlicEbe fFepiernddicaosntregdom iseadiosmte to the

intrih81Ei PSLAI SEEYEONFYUCEAR ERGHRdndRtdr N & héh the
,p-t%g rgglon is fully depleted at zero applied bias

Fermi e §e9 nbh@r PPRLERPABALOF SRV iCE BS. ZPF&r diigie, valtage.
thermal |y generated current carrying species of a

®on- f yl bymdeshatedotededh ceN@smahl v1a3%0¢, atd-txk 2
conventlonil $n hug%tlon diode with a | eakage current
COmPI H3ERI Nt VOLEHYSi N At PEPRFedEfMetle §Or ¥GildRICTIHIS farence

assochecatdsto asnetrggt di €ferehdef betopeanyheu @ ralieGldw@IS 4P the
semic@@ggcéégn}égfoéughﬁ gﬁgl%%%%ipﬁg%kﬂnof the semiconductor

device.

9. A method for creating a natural breakdown device,

comprising:
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to the non-fully depleted region and any such holes to

nmove fromthe non-fully depleted region to the fully
walepbesses p-regi on, so that the NBD i s conduct PUEUS1005/036398

zero bias. In sone NBDs, such as a Schottky di ode, the

contacts to the devices can act as a p-type or n-type

regi oy, r & NI &g 8£f%eﬁ98%d%lt&rpld%vj\l%g %TQC% Caogjﬂﬁ%'ggon

in series in order generateavoltae

darmad Row célr%hufze@assnylpﬁ‘gogomaw &ndbad,region of a

W@hmi@e@météﬂamp AhetBe nPEASERH righY Qi Rbnductor
Therefore, the ‘?E ut vojé%gge
r

of nmulti pl NBDs .
CERHEE T P Sef el $5 GEREr ShaTa iesHeed TuQRuividth;
voltage that is multiple times of a single NBD out put
vol t agedjNBDsngay Ib@rgﬁ@ﬂ@@t @@l 'Pcﬁep%lé@liloell dfo gHevent
an icg ut_curr nt1t:hat \gﬁ gnthe atugation_
ENTEent St ARy B tThe? e? & éBnﬁ €t &d e first
\Emnydjatglduretwwrﬁmre@ﬁaNBtb andlblse whanerhef expected
SHY o %o{]ﬁGOEl Sw‘?' L %18 uct\é?:lta 23 or
cu rents may i eved gcor |ng o one o & -
enbodi ment of pr esent i nvention, NBD 300 has
difar adt erdthodt samsin oClainng; (vn)arbchw lte\eemedaﬂerrarﬁtned
e r 0 I S
mat e o a1 rpy Soiahbr B b eSTBn At
param@ai@&ua J\H%tgﬁchthm@%%s b adoRfnh Qppr:éélltafblrteoalrmunt
of current and (5) reverse output voltage when
qanneq b eld eﬁd"&i@lrﬁ‘ §ur&1ﬁ5£e§ﬂu£ﬁ8 prldetermined

addition, in a reverse bias nod
mater&é&d&&%ﬁc‘iﬁ% EntCHITNEEP BOBR F ST s gnEPFRARE goaseert and

the ptahcametﬂm: | BBk Agee € Wbt i s 3a CRA¥RNELABAL odi 8de tpk Or

condut% bre ovvn Further, as the built-in voltage raises
e J\fz"olltage Ievel NBD 300 indirectly raises

t he out put power. Newtypes of circuits for network
4@i.t cha lft@,tl*djoglaisahrcmﬂm ng, ‘ﬁh@f\@ihnﬁhénﬁa\ﬂamgft@&m

hplng( and cla n u3|n Dsare
adJUS% ﬁslgos&déllmenséoerbl $tg'?eod%%gb%? 2 g%?pgrg REEY e
materwaﬂerﬁélagilwen(tlhﬁdlmgiﬁt g Retiovenyi ¢SRYY thel Memmdonductor
regiokener di ode types, may be created by nodifying the

depl etion widths which may be determ ned, for exanple,

g the steps described above. By having mJIti pl e

h3typéd aechennype qomgimgssingd: di f f erent dopi ng

concentrations, other diode characteristics such as

the sat ebabiuet e ML dreakada EU g eytf gi} yﬁ&i‘ﬁt and a
[ out Bat resi stance can. be created accordin

ABEBPH RGOS SRR2ERDGH Mehtd G IR st qi%ﬁ/‘é'?ﬁtl?%n such
thatewhsh char aoheiucectllv@s o taroiNBR Fﬂaﬂréwlaa@é‘tﬂ eﬂydan
é'i ngrde eneratewrraterl sf .Devi ces, usi enerate

FESME S5t Cal x i HS&L aai'fgd t$¢ecnd
PesnSt annetahaltacp@mnstts cosf \maxmmunvcxmhgaegesamﬁa t hat
are less then Vth - An NBD with different val ues of Vs

can si ggmggegahgta%ra@qhomt edfsl Al acs f’@été}?wt

ranges. Figure 2 e current-
CARPARABAPDS B @sréglmaolm@qr@mtcaﬂefdu Ltshmgcmc@ecrmfae e

P8EEEbal EnHOBNORe redlive afh \Wdtads VW ¢hhd S-region.

14. A rectenna as in Claim 13, further comprising a

. second semiconductor diode adjacent the second point

comprising a p-region in contact with the conductive portion

and an n-region in contact with the p-region.
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not close to Vth . NBD 300 in this configuration shows
a larger voltage range in which tunneling occurs and a
wapmbloer324/0l t age range in which negative resi SPERUS2005/036398
vol tage occurs, relative to a conventional pn junction
di ode utilizing the sane degenerate materials. Figure
§ﬁ5(b) sho ME the curren voltage char cteristics
ePPR g Aepefaal T e oG is
one o/rala,rqabﬁra/lmhycbfi ansehaetedotrmibey droserctteantdearray by
Vv h_NB | [ iy v
connqe S50 tie 1B EERToNE "ot CHe, Bl At SRS A Ok Sues of
the xr%sﬁ%rtmetvatfgé@ gRaAnNRUE o henniedn And Egnret iorg the n-
regidiHder Uthdi fwgtt Bemeeeﬁdr;le%eee%eégaw s reTctt.eennae to
above exanpl es shomrt at tunneling devices can
form FHRHeLbyCRBBESLi n accordance with the present
i nvention. Such tunneling devices have desirable
cttaraczt eréstensai a¥olihagearangs, Gilvaresin rtanga:@cfmlennae in
I stance. Ln o nbodi ment  of ent i nvention,
the S% n%gaﬁF%Hegerfgﬁmd?WPePenpoﬁgé YL peak
currents val l ey vol tages, or valley currents are al so
poksi b‘tereq;i:ghnﬁr equéncGlappl Lat vbney aig N eNBD 18gjeon and
the dlplodli pd6s BeepBoesyRl¢. aBrivaygiaRd dBddikration

dlfferent types of materials in NBD dévices, such
and %ﬁﬁ?ﬁf%@c%%ﬁtﬁgtFeﬁcﬁﬁtﬁéﬁHéﬁeﬁéﬁaW@QQQ}Qkiﬁﬁuﬁ’ %Slon is
fullyrai@gﬂ@ttéd aevadeyieesppll i BEWvbealadee i dTRYs Pe- s h-exash on
or existing devices . Furthernore, the device in
and Eﬂﬁxﬂcﬁﬁﬁ% fth the present teaching are essentially
| ow vol tage devi ces or devices which can operate with
athi ghA sitgménna, nopspriatng; whi ch makes them wel |
suited to uses as detectors in optical conmunication
systens. ¢ Draw RgsdapdifLoghesibar the EM rectenna of
the present invention are provided for explanations
and do not represent the relaﬁlonshl of connectrng1 )
parts 3 P REANE, CPIRCht VROBPEFORT EFPAERAGN X pfhe first
\ddnmudﬁlemtpnnaldﬁsbgnas@apntNBEs1an@umseemﬁdmlly smaller
ut/ ut put e sing c |_.inpl nt.at i ons
R L o hARE L Sa SRR b P rb® o SarElRlady Bprion
daesi:rhrtﬁ nee ¢oied r eendnabieebpdiéans andt his i nventi on
show sem conductor regions disproportionately |arge

and placgdh{ fof@hetbPNgdi Pcbonaft 8BNae pl-ok 8 %R ARl QLY n-
pur poses only. Adjustnents on the fectenna s¥sten1na

BFE PG rtebetB BBIRPH PR 1PacRPRGCleHditty the first

fdidzicaicye PEEOL6h Ng: t hé hgapt esent invention, a
hi ghly doped n-type naterial can act as a cont act

er .sone_.situations SO hi ghl ap p-t
doer P Sareaif 48" Gl PanadPetanB  Ehebar FaRaonaot
the seaplilgordbpitebeddeeptoncomtactevibe aeczedocappucedvbras

portjygjgﬂgqjﬂgh# gyes: (1) When a region is fully depleted
at zero appfied bias voltage, electrons at the

contact/sem conductor junction nove fromfully
#éhl etedr g ERRdNRS ol R Hel diRedP onfnpEBEYi FOMBEAEiaLe 2

secorld A dideo £ 0ié ALES SBAY £RRJECHOFegion and an n-region,
the p-region being in contact with the second portion at the
gap wherein the first and second semiconductor device is

isolated from each other.

21. A rectenna as in Claim 18, further comprising an n-

region in contact with an end portion of the first conductive
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junction nove fromfully depleted n-region to the

p-region) as a result of the electric field created by
W0 b@odepbeti on region. In this case, the di st aPCBEUS2005/036398

between the fully depleted p-region and external

el ectrons at the contact/sem conductor junction (the

dj st the fully depleted n-region
portla%%e%%?n%e&éﬁgﬁ?i 9gpparti cles (holes) at the

contact/sem conductor junction) is zero. As a result,

#% evdr seediernzondusni Aatnr A8nt wheradm eted p{Bgidn and
the rA-fdfion depleieds | a e S.at

. th éécz.ont act/sem c%ﬁ%ﬁg?gpc}qgﬁctaiéggegahfaﬁiel ?ercfg{)%%%evqely a

first,. ByiT¥h %%&Y’é"i"ﬁ%np%ﬁt fvEepard gopd nthelass)endtration
and uieraionttaosd p-sesgLondust enl1iyngbpoBred bRe JBVENSG s

bi as conduct.ivity occurs w.thout a threshold voltage.
VOlta(gﬁ *fhe el gtcl'f? %yﬁ?gfﬂg 2BAt gg? Beffddffuct or juncti on

nove agai nst the direction of the electric field
Geat éd tnctarenaleps etnoflakyi b8, ( fhethrirecofipriesing W n-
regi dfitd dif JN0lLeS)n abnd NELGODE a{._:flesggh?)gadlé%t Hactiv |
t he S8 EGT v Eal

junction nove In the sanme direction 0O

portigre|agiry. fngm dshemp¥ap- an NBD conducts at reverse bias

wi t hout havi ng a breakdown voltage, as in the case of

24conveidaindgingdein (6laHn NBD RRELELHORBe rectenna is
K nvelrj1tu| Q ail PN%unctl on dep|etion re% ons into two
one EcF i EFIRNLT THRETTRARRt 1R nd ehBFbRPNE appRYcabl e
also to rectenna el enents other than dipol e rectenna
&lSame At gechleguia tdre NBISlaimt 24, preseaini plienkeeR eaan
arrayP8 sUsednmWd b Pragii& %a@[e aﬁ‘lf'ggfoﬂgp8§ ﬁﬂd size to
_“achjieve an EM wave to power converston. EOF an
semicopdemttt Wy iigesmi e rrRet einamxt auivwol eagestpnt

channelr Eenifs rimu & AghS eikithe BNEhd Oby Wb GHe81 980 FRY e
re io?xosHl% ed w t hout faffect J‘rl%lg t he o(ggéa,tl ng EM wave

91ofiFe Qe gﬁsFe%l&?sé% a‘*—lz_:,%lp‘f1 h errdechiyatkeribBenfagnd the
seconie cphdoed it poetdomDravanf Steh tFxiGa €dr £6fh an input
channB®iNts. Qtherwise, for such an antenna type, a non-gap
or gap-less rectenna el enent nay be used by finding

maxi mum vol t age points and, at each naxi mum vol t age
BB nt PareA§enRa ast dm&laimdd a Weineiof tNBDsrectémnae in

the raBtéApMtabebif pak rsh aWPWPWoLLIAINA 1 orpdiCh as

shown in Figures 20 (a) and 20 (b). Using the parall el
d series. cgnnection di scussed above for connecting
g?polg ?gngﬁngg BRghdt Ez(i’ientF@rF@cteé’rﬁi%gﬁérlr%‘i%J: within a
semicdrdiceoranehtodesbmped stimgout put any voltage wi th any
antenna type. Further, the rectenna el enents on each

devi dif that, a.singl.e.devigce y
be _rraclglés?%dgg tér%g\%grgltogggl% Perql?gﬁ’éicées%\lh%thniah "Tsra}?ge
SpRteondnetoEM pakes ofAbsdirditf enemicthorittiyorsymd amd at
81 ngt er&eyi CecPBY| Nehude;1-aet gﬁs%!{ - -

i fferent ant%nna tsggs%%g%tﬁgglgcgb erté)rsﬁft q%grﬁ?nor?selng
ﬁ%’yc%‘é dRRtetedpREf BEFCIPLRELBAL 3FHASE G SPE conductor

psesesnt invention is not limted to a dipole rectenna
design, nor to the full wave rectifying rectenna

descrj bed_ above.. I n_accordance with the enfhodi nents of

t he j?é&&ﬁ?%ﬁg the first semiconductor reggon to a second
Fermi level at thermal equilibrium, the second Fermi
level being closer to the first semiconductor region
intrinsic semiconductor Fermi level than the first Fermi

level;
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each rectenna el ement can be of any size, shape or
type. In addition, a rectenna array can include nore

w0 ban/ootses t ype of rectenna el ements. For exanpPE&l/Us100:086398
RFI D application, a portion of a rectenna array may be
sensitive to one frequency and is used to capture the

EM Waye o oMLt D T Sl £d 1 bs 2 WY 42 208! DR o5 the

portion of the rectenna array nay Pe used
BERASAPESCERTai® ii&Sept i on. Such an arrangenent
reduces the required nunber of parts and creates a

mar eAc agpacd &esi Ilgﬂ ClEhx&n SZTL@@@J&%&@ @Wélté@bl @R fifsrence
es, but

ted to con di pol I S
in a §8br el KE%R BRI N PSR GinlSatuiBear,seaion is
creatéﬁtheﬁgheth@eaw@nmuuﬁﬁvqﬂnqﬁltﬁs frens € osewli oohguctor
regiof) ABIEsARLANTY LhE HIRAGN ddMRNtiOR1S applicabl e
| so to non-planar arrays. I nventTon can al so be
carrled out using discrete parts. Because an NBD of
gRe PrBSERCT Averti Giaddh FbctiHSE it ytie gherméqlieney of

flrstssgmband@etBM ﬁ:%@tl@'ﬂﬂa.l.s)fadﬂl%ﬁ&siﬁmratﬁvﬁﬁy eNrg8Nrermi
1 1 g to dg}rrta %%iﬁ?Ctlf églfrequenc EM
evel Bot3%E pi o ohre neutral

regionoadgaskean tDOMheewl&mequ&mmammdubﬁdm fé@soﬁctrun1can
nOM/be achieved where previously were inpractical or
i [ at r fromthe
? VI Si 6}'1 ?Fge%g%gggt& é&‘gp%r %ﬁer gy) and
fast response phot o- sensor s for optlcal sensing and
opti c8l fREERoERBL CPREVSTEI feTiRfe T oh %h¥$¢t?OFQUCthltY
apper habRnbr aqueneicesiopidy Horidroipncdes my be used
in such appllcatlons as heat shields and cooling
devi ces

ohst acl.es p ventln he
proll?eFSFPBQ SFm§8é£%%ﬁ%Wbﬁe ?%%B IS
e@ﬁducemcytyThgpaabppaayM9\ﬁuﬂeu#dqndunt@v1synbypéyhaving

QnséESn&e%gihﬁr éoﬁ@:gnttri%t‘ﬁ%\eﬁsef‘?gﬂdl the rectifiers are

connected t e antenna. T ments presented in
the EMrectenna of the present invention inprove the

ef fi cRBNEYMAE EBRVEFL] ﬁ\@ijeiceatr Sy et (T sendiacter

BSgebeet whekbynOovBE Fhespl isemididndetyOWeith tHhe fully
wave recti f| at i n for a

%§%%%%$gfﬁ%u?e§?g%é%ﬁr38&5#@? ﬁ%ﬁﬁ?? Fr¥quenci es
smmrmoabUVEOrnfegioedhnd(Zhessbmamm1ﬁamnadﬁdunx@w(meglon.
problenms in rectifiers 3, (3) providing an out put

yPltaﬂen£€M§£ foer%B%ﬁ ﬁ&%ﬁ%’%@pﬁ bﬂgnd'jﬁrwkurther

speC|a rectl lers that out Ut a vol ge Inr S
compriges ankPirdi gAELcopgyctar| DReiem 6t ek ISP Agauctor

type 5etweéeﬁ eghéf Eerst aeﬂlleéhdae@wrdlr@@lbw aSRHERS Mmic
urrents, Fge fromthe received EM wave and the

Conta?ﬁTmﬁn nEOPFohT t R eF & EFF oM SRR NRE T FEI1amiand the
thirdcsémudmndhetaﬁtfé@ﬂenaéeeufedlyodbbﬂ@tbﬁab&.kh&ero bias
ct ennae e_present inven
voleadf SEMES Lo TraL BeMicRliRs thc seBaraT e e
Semlcqndw¢¢@mty@@soandndizegrdnsemnhendectemnaa@idﬁm
present invention. The detail ed description above is

Povigedat Q-1 | WSLLRESwWn diode as in Claim 31, wherein

the natural breakdown diode is conducting when a negative bias
voltage is imposed across the first semiconductor region and

second semiconductor region.

33. A natural breakdown diode as in Claim 30, wherein
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t he specific enbodi nents above and is not intended to
be Iimting. Nunmerous nodifications and vari ations
wowrahiomthe scope of the present invention arePCT/US2005/036398
possi bl e. The present invention is set forth in the
following clainms. 3 Arectifier (typically a diode) in
the priqr_art .requires a bias voltage drop,acrass it
the ngilnad r%%% & sd%%g?eﬂf9vﬁg9ﬁlﬁaggb&F8 t&Fﬁgﬂé§°nStant
outpugowdrerl s Riaspesl iy boetwekoew pewer veilgsalasid Ehe
preactalbAeRdrap i ssuey] S d TAILAN S0l alnenglnes,
_since the voltage di op reduces the voltage supplied to
semicoRdUGRE geFien \@ne| seaend senisendushiolicregidev ce,
conprising a sem conductor region that is fully

dap! etrechaatuZLT Gk A8 YPh t @0638CHOS$nt 18 a3 AM3OONGUG e r
.. A, sem condyctor device as in Caim1l ,

devi ce.
compIiiiier? ¢ ? STHY SCRIAEERY LapacenP Lt RECPRAst
semi ceerivcdrdudtyge riestiween 3the Ass€ah 60866 tohddevoee ragiich and

firstCE@ﬂ?égﬂdJé€3£“¥?§?@@fiSing a second sem conduct or
r égi on a

orm ng junction with the first
senmi conductor region. 4 . A sem conductor device as in
GPai M3 Narféied h e kdowe ohtede oasdéni €éadondldet wharein

the nCHeg@Rin SUPstanty addpidi&@ald V2o WeB; sl G¥eEaEePLRS 0ss the
vol tage, i |qPosed,across the pn- junction. 57,

Prregdem @g‘ﬁ’dl}i"(%r TEH@as inclaim1l , wherein the first
sem conductor region is a forced depletion region. 6 .
3_6semAcmH_:tL]indérfdiE\@mvi?c$iﬂgl ﬂmﬁmﬁ?l Mghgﬂﬁiﬂhh_@iode,
.i.Sst..sem conductor region is a non-force epl etion

comprégéﬁéﬁ. 7 . A sem conductor device as in claimb5 |,

wherein the Ferm |evel of the sem conductor region is

cl oserl o defenmimding i thealgpin@vedneg¢nthations of a p-

$e81 eANAWe! Ol UM Ik thecdert 16481 Bh §BRction

éen1cqnductor devi ce as zero bias voltage.” 8 7 A

eRf€nduct or device as in claim5 , further
conprising a voltage difference equal to voltage
di f f erfeénceecdssddint ed Acrvenel-qyi 44 f¥el enge betwean then the

] [_,of_ _t Sem co ctor i.on. and e ferm
PEhTpnET e ot DR rD MU (0 8ot (B U ana
vhéghi A dosst han i ealatmie miuiviesk, maximum bias voltage

€8PPEhel RY JeQVizgigng a semi conductor device with a
junction fornmed by a first sem conductor region and a

regiog Sf a p%ﬁdeternined material, wherein the first
seni cOAduERIFULEGHDT (ES SRR QY ebtFh thaRfi ttdhe
deplreht donwildph; jadictsbinngiddeandtet &f Wiad heoTeHOror vy
?% Eﬁe grgdet%rninggﬁnaterial such, that the w dth ﬁf

e FPPSP9 8H C8RA & o P TFE 98GTat D Wi e+ Thethe
espeenedodepl ehi gnnawitdolh odficdeg first seni conduct or
region. 10. A nethod as in Cdaim9 , wherein the

prede j : rial ,co [ cand _ ;
e conLBt o LFaglonPand [he Bovkieply tf Gegagn the

2INpFRseRrgaigpHAt diGRCent rati on

37. A method as in Claim 36, further comprising
calculating the electric field across a pn junction in the
natural breakdown diode and adjusting the doping
concentrations of the p-region and an n-region of the natural
breakdown diode such that natural breakdown diode is

conducting at zero bias voltage.
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11. A nmethod as in Caim9 , wherein the predeterm ned
materi al conprises a conductor material formng a

weowbacs2and t he paraneter adjusted conprises BCTOS005/036398
function of the conductor material. 12. A nethod as in
Caim9 , wherein the paraneter adjusted is a

dighensi g 19fod Neo ¥ egh o0 dggctm psedeteeAhaed Jatsiisdhng

relative the wi dth the mensi on of t he sem con uctor

regl on. reCt en $ Con‘prl Si n a.co tlve X
o VAR St por Baan lgsﬂaﬁanaoiamflrst
pepartated by seqiretebei i r@@bﬂt&téﬂcby auplaetib&tenuimd

h di
B EsER Y g et L Wt oo SEOBBRRE YR Perst cRc by
5 pmwaﬂm&ﬁ&dlhynan;ﬁﬁ&ﬂtrqma@matnunwaEEtagbe dndrsé point
sed %‘Px%d‘é“etéHndj e QU GTEM ¢ S8 d%‘éiﬁﬁé B¢l b J_mum

conprising a eglon I n contact fhe conductive
ﬁ@ﬁﬁ@@ﬁ'aﬁﬂmhn n-region in contact with the p-region.
14. Arectenna as in Caim13, further conprising a

Secon@r%&m&ﬁﬂﬁl&tﬁmﬁcﬁﬁﬁ:@ﬂbﬁc@ﬂbdé hgdseeend peiidl first

Lisin on in contact w he nducti ve
o HRF TR PG APa oot 2o hreh PAER The
10 ponnelgucdmvﬂs poktrient eammd as nfrd&yaom A8, ceherekbnwiihéd the p-

gé pna is one of a plurality of antennae formng an
rectenna array by connecting the p-regions of the
second sem conductor di odes of the rectennae to form

a8 -i npuineitigcheéls dril Sl cid ngf eReha¥ egPBRELEA NENe
provﬂih.'h%t aS SRR Wil cshQdeso ©f a1 hi@e I 884 saaae t;ﬁef @ Ms@n
Eyt .channel 16. A rectenna as |g C¥ nL

Point, GBI SRS FodiiERiad THPIIRN 1ot t CRGRGF 1 4 EBeFP8r m
15 condubtmverpmmmaxﬁumnkian$>fégldhrfmtemmaaas wihthl ahm 13,
wherein the p-region and the n-regi on have
reglon

respectively a first doping concentration and a second

doplngeconcentratlon and wherein the p-region is fully
depl efeliediod A6 g mappldisd bl tHyet ¥ oseMPrespRBegi on

proviahd tBes%dH%a‘3&m£@$ndﬁdﬁ%¥EﬂHBHe‘%HH&ééhﬁgthé EbEshd
conguctlve ortion; a second conductjve portio

pointgepmPLi 8d NG Gt HE Hids it GIRIHATY Vot t 0% "69“‘3“@5&)"‘5

20 portibhatndsasubstantiioal liyn sT@idart tviiath tttee corbégeon .
I engths of the first conductive portion and the second

29”0'“5} e hRY L0 %ridal% Wéf’r %@ff&ﬁ&y' ng

regi on and "an nreg region
contact with the flrst conductlve portlon at the gap.
19. APreviedns asplnraldity o nArime e prRregd obn of
tBersgRkcargugtor device contacts the second
conductive portion at the gap.

connecting the p-regions of the second semiconductor

25 diodes of the rectennae to form an input channel; and

connecting the n-regions of the first semiconductor

diodes of the rectennae to form an output channel.

42. A method as in Claim 41, further comprising
providing two or more functions to be performed by the

30 rectennae in the rectenna array.
43. A method as in Claim 42, further comprising
providing the p-region and the n-region to have respectively a
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20. Arectenna as in Caim18, further conprising a
second sem conductor device having a p-region and an

wo200eQ44304 the p-region being in contact w th P¢EUS2005/036398
second portion at the gap wherein the first and second
sem conductor device is isolated fromeach other. 21.

firs® 88pLaGNAocAShR rEraidn Ly f (ft pOF C?%jféé o???g}:ratlon

nin contact wwth an en

and Eﬁﬂgbg%PgeBBPFl HeaWafqgﬁﬂﬂ1ﬁﬁaﬁyﬁiyzﬁﬁpyete@tehna asro

biasinoltage 48rovbethin pHie d-dre@iren tad f-hedy 5$g|on of
t he sem conduct or deV|ce have respectlvely a first

dppi NgaC ration pi concentration

agg mh%r@gﬁﬁ?é Qg-?e ﬁlﬁb &% g%ﬁﬂet RE15ERY
ProvkﬁhggvelPhgéaéttﬁsgftheepreegeunaamiﬁdysrbyEﬁbﬁﬂbcéEhg the
1npuﬁ\éﬁ5ﬁﬁ@ﬂ§ Cad tﬂeck@bghﬁﬁa A %g%rt rISIn ég]connectlng

nregi on in contact one éen &cdn
the it FRanpet i of ﬁﬁﬁyeﬂn@nﬁmeygapﬁog@zthe@c rectenna
as in Caim18, wherein the rectenna is one of a

piar alA tve Biod e£s ePAAE1hAMA36ECERARRACR! m 2% 1 réla
rectenna as in Caim 24, mhereln t he rectenna array is

f or med ,fo necting. the n-re gns of he
seni colduet oF Vi el PGF e AP eREBANYE Fégﬁoﬁ@§9¥5 the

(nﬁqﬂnakﬂhmﬂﬁ%dwwnf@xudan out put channel and by
connecting the nregions of those ends of the first

conduidye, Hf 14 Aisc A LG 52E0NHoEPAGUCLIYG ROt ons

?£§¥ fron1theﬁ?ap to forman 1nput C
i 28, wheki h@hearebﬁegﬂaeuuddbhmp in

l2£ aiegrtym Jarfeyi qrerd or fhé Wo-p&g @K e functions . 27. A
method to nodify the Ferm energy level within a

cgn RO r.egi.on royldln
?gﬂlcghggﬁior &bvﬂé&‘ﬁﬁgﬁ“ g@? E%h?c%naﬁE@SFlPQgFéﬁlon
assocgﬁt@danﬂh(ﬂhﬂhﬁﬂﬂ&htgemy@mndumteﬁ tegsonFrREB thevekne

w1c:ltht @%rl ISt n%e %&%P&n r&OI gL hel Cr{l 8: ngg?%gl vofgage .

zer 0 biasing across the sem con
ggjusglgg t he flrst sem conductor region to a second
&Nogh foRe ARAVICHUNT iriastenve seenpdi Fengt
| evel being closer to the first sem conductor region

i ntripsovisenpcandietssy deeidicdienelpdhansthe first
Ferm | evel;providing a sub- threshold bi as’ vol t age

d t hod [
201 0955 H0gassll Sontuetor o SR e (o SRarafed from
FégléhrééjQ@éﬁuCtheefppgtleeanomd@emomhaxuim i's

§ﬁB§t§§tP§i9995hQ§lE%rQhahe%ﬁ n% Sed 1 engths of the

fen1condu tor regi on noves omar € secon
LRt gon %Fﬁ%YﬁoH°5§lPﬁ engli ihe7 sepivacdeicpndches therani
pevelonf &ndst sem conductor region is adjusted toward
the first Ferm

providing a semiconductor device having a p-region
and an n-region, the p-region being in contact with both
the first conductive portion and the second conductive

portion at the gap.

48. A method as in Claim 47, wherein the p-region of the

semiconductor device contacts the second conductive portion at
the gap.

49. A method as in Claim 47, further comprising a second
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| evel before a voltage difference is created in a
neutral region adjacent to the first sem conductor
WO e@hom3280. A natural breakdown di ode, conpriBCHYS2085/036398
first sem conductor region of a first conductivity
type having a first doping concentration; a second

semlé&%@@agycaghagghgolﬂg 3 ;; g%%q GONQUEL | vi 1Y ddP8n  the p-

osgte I rst conduct | aVI ng a S

_regl%p%)gﬂ%ohlaeﬁw‘a@fzénwrahdtaﬁ @WO@dcmrztatoradqtac@m gap.-

the first sem conductor region; wherein the first

sﬁm camduetRodr 88i 00 C3afinl by, deﬂ;lleqte@_gl athZef O- i aSng
econcg gea e acros‘es(]((,ﬁiI g%fLrst sem conduct or region and the
c

o SEES V1F8gi6nis9tatR ey e astte Kiekesi-
diode as in Caim30, further conprises a third
seln cohduetioedragi bn Glafiir 50, s €nirthedu clottp A ing
{ t egi.o and t ohm
O e U o b TRACH EoElmig SaO s Pl o the
fist GRNJHEEIHE rROEERPR oRdaKt éromeghgngape fully depl et ed
at a zero bias voltage across the first sem conductor

r%2gi OrR Iﬁ@ﬂ%tﬂi §§rﬂ_1620®;dé!§§1tt1051r e%%h@ﬁ}d cto%&‘i

vis mcq([ uctor re éh A natura br eakdown d| ode as
Provy Ei7‘1n‘{1h RalGFSPiBreEdéhe Gesdeqrguctor

devioceonmldtam.ﬂg mémecatim@hylaefbras uﬁbﬁﬁgecb&demQ%&q_on and a
r n t i on d,second i ,

secoRf AL Gl ale PAM S00NG! BEobedi A BRR s FRibsgegion is

fUllY lﬁiqgleﬁﬁ’ﬁ@@t v@h@f%lbﬂéh‘é ml’garae bceakaowhedped‘eglon and

the nP@Yidgs a substantially constant output when a bias
vol tage between zero volts and a predeternined voltage
regi on and

IS i cross the first sem conductor
\S{ con @ﬁiﬂﬁﬁcﬂ&tﬁ GEyiBnt 7 g4t urbhes: GPAPTHFAREd SN N
regiogi doe castiactClhvaitth Ithe ferid hef €REPEissNgcantiibkdve portion
regi on of second sem conductor type

away getween t%te second sem conductor region and first
sem conductor region. 35. A natural breakdown di ode as
PA -A & meddodmeer dim Glelm-4 2gi Dartlkesf ubdypdiplinged at

providehg RBhds AR ay exs dhe & r@%%@fﬁt%hgl«f rectennae
ion. 36. A nethod for providi'ng a natura

in a Bﬁgggﬁaﬁna&r@é’e conprising: (1) deternining the
dopi ng concentrations of a pregion and an n-regi on of

a5conentitboal apn mumtallocn =i Odﬂleﬁe"ll)n st ®€L d Mg athe
conventl onal

d¢ hi It ag s
t
rec eﬁﬁ%\é\?%o%gd?gﬁe%tf}ﬁ?e glréﬁ S!iyt at eg}{baw%halgqugggna
arraYtﬁampélﬁﬁédet erm ned maxi num bi as voI tage for the
di ode; and (3) calculating the depletion width wp of

t][1eVCﬁBMQEH&ﬁﬁalthﬁnpﬂﬁ%tlii‘%@ dode Mheh & pi as vol tage
0] S

connecting the n-regions of the semiconductor
devices of the rectennae to form an output channel to
form an output channel; and

connecting the n-regions of those ends of the first
conductive portions and the second conductive portions
away from the gap to form an input channel.

56. A method in Claim 55, wherein the rectenna is one of
a plurality of rectennae arranged in a plurality of rectenna
arrays, the method further comprising:
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is inmposed across the p-region and the n-region of the
conventional pn junction diode; (4) providing w as

wo bmewageh of a p-region the natural breakdownPdi/osm®05/036398
37. A nethod as in Caim36, further conprising
calculating the electric field across a pn junction in
t he nabupahqg down, . di
concen%r at |lo%gl%§fié he 1%1933’ i on angé a&?ré%&?ré%fygngg ay%é
nat ural._br eakdown di ode such that natural breakdown
di ode FETBEAGTOE: ﬁg‘ afi NFerto hieaneldl taget 38, rachenhadarrays
foogebhetlrruahidng a rectenna, conprising: providing a
conductive portion including a first point and a

d | d ed t d dist
uch RO GREARBERLCDuTR, BHESRTon T Tev SR chrbgys

arogeelReronagneti c wave, - the flrst p0|nt and t he
second point constitute points of naxinmmvoltage; and

pgpvrdAnﬂegh§gnbgo u I ndicede t L[S
: |%% n‘grr sin EH- ?ggr’lgﬂn S?n c"'g%;t agﬁ%ﬁ%ﬁ I?%étenna array
is ongriticti BeUpett Bnognéeﬁﬁeﬁnﬁegﬁéﬁﬂaw(ﬁhﬁéﬂﬂth@drfmrmher
compyieghen. 39. A nethod as in Caim38, further

conprising providing a second sem conductor di ode

adjac L pQi nt n first n-region

in co %Dgl%ﬁ ?&% E%Haﬁg&gg %OF iEFQQﬂj%¥R?¥%@|on

in contact with the nregion. 40. A nethod as in daim

38, furemeeceonprtBeng-peoipdsngfatbecertond semiconductor
EBLONAYE e dL00EAFLACER HPR SRC ol

conprising a % regr%n In contac? aﬁt%%%ﬁ%'é%néhéilvgnd
portion and an n-region in contact with the p-region.

41. A FREHOTEHRY TP %rﬁ?%%°n$quhéPecéﬁﬁﬁﬁsﬁﬁ@lconductor

phimdeti nof atlpk urettéynaé tectennagnapuapaed chinfel .
rect enna array connectlng the p-regions of the second

ectennae_to. form an i nput,
channg? an conne |é%f%ﬁe5? r%%?ﬁﬁ%noghﬁhﬁeF FE§pae in
the recHedwIfd IRy dIeRiEarf tWheor suveanientoibosm an
out put channel . 42. A nethod as in Caim4l, further
sonpr lPS'nf&:l‘Rfchdéjllﬂg VDI RIS TIONEnEHOEHT PRS FQ.-0f

rformed hy the rectennae in the rectenna array.
Condu%%r’r@tehz?&rarsl% ac‘t‘io\ % EEFMT AN SR YEi RGTHE ORI arag

provitke p- pegiderteand idie donieigian m@avewm@épecgl vely

substgﬁkﬁﬁﬁl %Jﬁk C?Ft c%loq Q%HV%ﬁ?gﬁngEhfaﬁlyhe

concent ration and provr
eleCtﬁéﬁﬁép@alatvaﬂﬁsro bi as voltage across t he p-region
and the n-region. 44. A nmethod as in Caim4l, further

GO”pr RS @ hRO A RF Ry iR 1Al try ﬂfré h%f%ﬁé‘v@ﬁ diode,

c és by connecting the I nput anne S
OmPrFE&P Ana arrays together; and connecting t he out put
channel s of rectenna arrays together.

providing a first semiconductor region of a first
conductivity type having a first doping concentration and
providing a second semiconductor region of a second
conductivity type opposite first conductivity having a
second doping concentration;

providing a width for the first semiconductor region
that is less than or equal to a first semiconductor
region depletion width of a conventional diode having a

first semiconductor region of the first doping
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45. A nethod as in Claim36, further conprising:
provi ding an increasing bias voltage across the
wmaioenadz2br eakdown di ode; applyi ng a decreasi nRCDUSE05/036398

vol tage across the natural breakdown di ode, such that
a charge builds up in a neutral region of the

thod as | m 27, _wherein, a
d%%ﬁg%ﬁgﬁaﬁgﬁPoﬁggs%o% &ﬂ&?Kmﬂﬂ%RQ1 ????Rtraglon7 and
sem conduct or region has the sanme width during the

appl i cCB¥PBAISRIt BB G’@@rl@aﬁorm@a@ta@ldﬂﬂqm tH&. fidrst

neéhbdoh@ticpbeVirdigignd rectenna, conprising: providing
a first conductive portion; providing a second

cohducti ve, por,tion, se rated fromthe first conductive
?tlo tg S§apSt Adt &§l?u Or afti4iNsF GrRIREtsemaproviding

5 a th:tzhté @@maq:nedub’engt kegabnt bE Giamst dmmﬂitﬁiu)/ﬁ:dﬁotfﬁ@nas
flrs@r@oﬂcﬁ‘@cﬁfg99 gugék%gﬁgoﬁll o&é_ Iag:n e é]L?ctor region

en1conductor avi
and trher RfBiC @ﬁ@t@ctelgaamngeanghmdcmpamg \Mdﬂtebﬁizl’laﬁitﬁh

d Al
wherdid Sthe& Oﬂ:gi’@E' §§m€85¥1588t39 rteggoﬁe%%@&%ond&glfa/e

ortion at e
semlc%ﬂé:?%q %h]ée%l?%g‘ﬁﬁﬂ 6P liHedsphrEsAdadt Gremeiics voltage

10 acrosntiacdis shricesandreonddgibre Pkt kR AL e 13l % or
ther conprising a

net as, jin
reglﬁgéégﬁgggﬁ?d%%ﬂﬂéi ?mHEQ?QBC£8§|ﬁ89é°B ‘regi on and an
n-region, the pregion being in contact with the second
gt i dh matherd @apin501a\in‘reﬁﬂodfasthEch@hmr‘i%l,ng
WieiEivhd he; ngd, s nduct or deV| [
prOVll solggt ed fr oérﬁ%i%aéﬁﬁfggg - lg\%g?h gwgsmlod eﬁﬁ @O Zero
bias malitege dehpriResRA prevees n@h%nfhrs‘égsemlmnd@mt@crt region

15 and thd BeaprRNGHrdouetot heedish . conductive portion
away fromthe gap. 52. A nethod as in Caimb51,

et IR SLOG eroud i ! B Prnegl onnd e
providdmge thieveliyde fa reginstopitngrcbirmgat sathan ®#Reénaaspggrd
volta@%p!bgﬂw“e%@l‘:%%et etx}d)_ﬂ:sa%cpraov Al épr%.nt ogglgﬁg % is

d at zero bi a&s vo
imposgdy @gr@ﬁSaﬁépet Re iRyt omd gde mweemm as in Caim47

further conprising an nregion in contact with one

20 eénd oA tnﬁtthbldf sis q%d}i@ﬂﬂ%doorﬁﬁﬁh@éf\ﬁaoxﬁwﬂém& gap.
rov1g nﬁ % as i.n 47 further conpri sin
P pr Ogl gi & SHEHOR AR FPRYUGELVity

type amecteannad cnnalmoemtvemya tapeahe thiserA s osk@sdi n
semicg'la % @G?ﬁ%}ﬁ' Al (11.\6' dlﬂg:stthreegx}e'(:t e ac‘: tc%glblgeg{]oen of

ura rectennae

conprlses
65 A method as in Claim 60, further providing the

25 second semiconductor region to be fully depleted at zero bias
voltage across the first semiconductor region and the second

semiconductor region.

66. A method for collecting electromagnetic radiation

power, comprising:

30 providing a plurality of antennae elements forming
an array having an input channel and an output channel,

wherein each antenna element comprising:
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providing the plurality of rectennae; connecting the
n-regi ons of the sem conduct or devices of the

wo ewbemsae to form an out put channel to form aPCDUSI0$/036398
channel ; and connecting the n-regions of those ends of
the first conductive portions and the second
conductive BORLLARS ¢ qm t he, fo forman input
channel ; 56. A nethggﬁy lon eré?n t herst point
rect enfi3di 8 §RECHA PN aﬂquraﬁedémar[aJeedetangeded
in a phiisaknty, ObutACHeRNA AldA%She L B DO, f ,gg}@%on is

conpr|S|n vidi ng a plurallty of the rectenn
arrays’ %Hﬁégﬁpn&ytﬁg ARt e Gl Gfva e, r e ehhast

arr ayspooget had; taed seenel Joigd kot puit € r@&ﬂﬁ’é g9

recte y ther. 57. A method as in d ai m 56,
mherenﬂ§§%éﬁﬁe§ %ﬁ% érP is one of a plurality of

rectenna arrays, the method further conprising:
provi di ng tAesphicandugtofr dédoden ral jaraemts; sa:nﬂlnﬁ:bt$iﬂgp01nt
the p-¢68beNsing Ehﬁ $eg9Rd i%mdgﬂ%% tghj%{qg$s ?n%%ctlve

the rectenpae to form an .i nput channe conne

the n-FREFHRR 3Rdt AR PrigOisaniidosOmtast diddestid p-he
rect ennegidn; f o an out put channel. 58. A nethod as
in Caim57, wherein the rectennae in the rectenna
array miw or nore functi 59._ A nmethod as
in le%%%ﬁ& m%eréPﬂw?ﬁeSprggecgﬁaﬁgﬁlé@ PRGSO e a

t¢ﬂ¥@%@@nﬂr@®nﬂMQtameepnataonag;etpeopb@ed &torage device
t bstanti.al |

half o?ﬂgﬁﬂ%%g&%u tlp 2 o?g Emgﬂ gﬁéﬁﬁéﬁ e the Jutput

ttoagneti c wave. 60. A net hod for provi d| ng a

natural breakdown di ode, conprising: providing a first

iﬁthGhdM@ﬁHUdréﬁﬂiﬁlCiaﬁmf66$tw§@B€HﬁttﬁbtﬁnE%B%a element
furthﬁ%y'n e%fé r st dq$|q9 concentrgtlon and provid

Second S CorfIT S e eFFBhC R BCESEoﬂaoéﬁnéﬁdﬁpﬁmﬁythe
firstt yed ndppoging fingta chindsict hviéyibavingcansaeendith the

condud@RRY LARCEIH faEHdOC{‘ e?é’ glljlngna %hB:%‘db h?'oth

., Sem conduct or reglon 15 1 68s”
regiofi-r st sem conduct or reglon depletlon wi dth of a
conventional diode having a first sem conductor region

6B . that ﬁﬂetfcﬁodd% RGE QUIGENH 64 ) %ﬁp&@ §ﬁ§°ﬁ?r9g9bﬂg of
concentr at.l on \ ng n _onm~<c contac ] acent
the sggend; sspd scé’ﬁnd&%cﬂfgt Cfl o LS SNt FRARGATERY| RO forn
the 1Gpatwp&ennbarah@raumnmntmﬁg;ﬂhhnmhfébfbﬁﬁléﬂ the first
semlcéﬁﬁheeggugugﬁe e%TOQHg: @Euﬁ%Q%%§F*Y¢ét t¥£ the output

£ “conductivi ty type betwee
channgépj conduct or reglon

69. A method as in Claim 66, wherein the antenna element
further comprises a second semiconductor diode adjacent the
second point comprising a p-region in contact with the

conductive portion and an n-region in contact with the p-
region.

70. An antenna element, comprising:
an input terminal;

an output terminal;
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and the ohm c contact having a third doping

concentration, wherein the first sem conductor region
wa@eaehhs24 hi rd sem conductor region are fully PEpUs10es036398

at zero bias voltage across first sem conductor

region, the second sem conductor region and the third

d t hod
further Sobak; S o8 T ¥arih s Pl sepg rated
peak damneasdecandncaorehavihings avditage drsd |arpd)5£obecond
@5 SrEBECELIFL15OM.ARRAYC! Ot ol UM ANUING e%aom

sem COI’]dUCt or region as 1 n ai m

R EREFLRBNHFI %Pﬁ@tsﬁioautd.th@ eﬁ@ dith@e H regnsnghtof each
v@d;ﬂi@g@t@gtpytcwhﬁécﬁ_ela:; as w:%ka,t ag@uktett\ag%ﬁrzaef 0 étﬁ‘ih%ht@he
ede ed, vol.tag i s, i nposed _across the
e PSR E hE rEnt g oSt s horRu bR oq e 15Pqand m
&mmdmmthsran@nphesgag pqomﬂdtbgaagﬁmdéieﬁmﬁﬂauuhﬁlﬁw
?agﬁecﬁggggghé hy@ﬁe%%&t%F%ﬁ%&ﬁﬁﬂﬁQﬁlatlon to

con UCtIVI e~ secon
reg)i lzﬁp%meqi hléthlfigt aséﬁnaena&em@mtre@mm 65. A
nmet hod as in Claim&60, further providing the second

seni COeDdﬂi?fQi FE8E0Pi b0 Beupubhyrdenkahed nal &Y, ogmb'eaéd of

1§Et cross the first sem conductor region an

St %% i COMdEcESF #Rgi BRe 8BLPAthEeKEd Dedr

col l ecting el ectromagnetic radi ati on power,
dbhpﬂA@wmptgmmwidl@meatphsrahiCyamﬁ aot, e nhae cdlrenescond

| t
cace L0100 SRR gt oL 0L IR 0030 g
condusgiuand et porewiaput ne¢vdingla first point and a

second point separated by a predeterm ned di stance,

such thatan@thd hel eeeducs s ven p@lhhﬁ”?bswhé%‘ihat %ﬁheblv an

1 an el ectromagneti c. wave, the, first E0|nt and
electromaep ‘?To]r‘"nt et &S pJo]ilﬂ’c@eBF Frax Hﬁnﬁ%?ﬂ&@eelmnt
a firstsediedndied orcuwt ostet atly atedthcsdi nf thet apeeAha element

due t%P@Fwéiéﬁhgi&ﬁffggéﬁhérhfgh% % mnéﬁ?ﬁheﬁéogdu%g ve second

n-region in cC
electﬁ—”égiadn CUHRETPY oM dindpcegoinertise oragentavetenéot by a

magneft@eeifidiG & €Y LM d410md @E‘I@Wé‘df&%%m.the pover
storage device being connected across the I nput

é annel and t he out put channel . 15 67 A nethod as in
EhIRETnt D kARt /¢ urvheFein the

rectltf(irmf Ils;es:oalcﬁﬂﬂﬁmb s L ot tiorasli ese g acent the
first point conprising a first n-region In contact

th tiv ortio and a Lon.in c nta t
Wien PhS SRagEh M5 SR A eE SS TR L 68, A Eenna
elemewﬁ@remﬁeKM@qmaaaydnhy(ﬁemﬂﬂpnﬂnmtmrsﬁmvn©mﬂuctor
di odes of the antenna array to form

75. A rectifier, comprising:
a conductor having a first end and a second end; and

a semiconductor device connected to the first end of
the conductor, wherein the semiconductor device including
a semiconductor region that is fully depleted at zero
bias voltage.

76. A rectifier as in Claim 75, further comprising a

second semiconductor device, connected to the conductor that
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the i nput channel and connecting the n-regions of the
first sem conductor diodes of the antenna array to

WO o00a1084324 out put channel . 25. 69. A nethod asPCTUSI085/006398
66, wherein the antenna el enent further conprises a
second sem conductor di ode adjacent the second point

) conprising. a p-region in contact wt e conducti ve
incl iaor?%%]uc%’ﬁdWW%@i Ja%gmnc‘e)hﬁgc&sw?tlﬁrqefhéi iSh.at zero

bias IdIHageAn antenna el ement, conprising: an input
termnal; an output termnal;a first conductor and a
on cior_ separat ga c r
B e e
secongh@sidnater seepmcheedstvpmeblbh Edndticcondustacdted gap.
at the gap, the first end of each conductor is

Gennecreth ted e hdpdiot easv Nk, anflethed ¢lodd dren@Msrring
of the flrst conductor,%ihe,second conductor and the ,
a POt&é’E@éua‘ilr‘?’% 3 retlet Bt hetPVAPEE FERAt &@ Po SGReNd build-
in poteweliergt hcaipel eoid pmagnetic radiation to be received
by the antenna elenent; and a first rectifier coupled
bet we £.Seco e 0 fi c r. and the
out puqui%‘{hnqln% _J‘%;_P%h Ea%%%%%alfé%%%fggggt%g Claim
Femigearadigt or seamieh rett f ferst scendpréd vbdtwsamwet:he
second end of the second conductor and the out put
term AlovitdindVh AU SR S&RIBBAGASLLR CbaHBN/GF a second
wher ei n,, when an ehgﬁ%ronggne iC rgdlatLon i's incident,
CONRE Rt enh L E% Tenpit  SFOB| BREr feaFte FRPENCHiy ity
k@??ge¢ﬂewgfﬁbﬁﬂﬂdﬁ$?u¢&??mﬁégﬂu3 Eeiagvauﬁgwent the
. rence al o each_conduc - secon . .
S L Rk R R R e
pptemEgietic field of the el ectromagnetic radiation
73. An antenna elenent as in Caim70, wherein the

recti fh,Rfvii fPNdUd d i Abuf1 2818 BbBEn¥Qhhage htentAhe
antenna array conprising a plurali ant enna

of . ] .
SPERERt S THINBIHRE SFE PP e?ﬁl%%ﬁﬁ%;‘ét 6t rgEvPEddt-15,
Potteetdifdigr, conprising: a conductor having a first
end and a second end; and a sem conductor device

connected .tn the fi.rst end d r Lein
Che soriadid o e iRy ARt LRt S raleRaF o
fagistn stehmritcarsifalidy neepientedind zero bias vol tage.

76. Arectifier as in CQaim75, further conprising a

SeC0”%f8¥ﬂd¥ﬂ§*#ﬂdébf&agfﬁg_fé&%ﬁ%&egiég FBeative to
conduct or that]l ncl udes a sem conduct or region

: that is
?Erlrlsﬁ &@&W%’C%r@%‘i% v%i“f%g’%h‘?t 77ITAL RBELET P
88tent@aal Ms/ Pedndddwy dmit!| tstidigd sbseToRdnCcpBdEat9Al is
seﬁgrated fromthe first conductor by a gap. 78. In a
BN E6RGt or device, a method for transferring
79. A method as in Claim 78, wherein the threshold
voltage of the semiconductor device is less than the threshold

voltage of a conventional pn junction.

80. A method for modifying a built-in potential of a

semiconductor device, comprising:

creating in a semiconductor substrate a pn-junction
of a predetermined built-in potential; and

providing in the semiconductor substrate at a
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a potential froma first built-in potential to a
second buildin potential, conprising: providing a
w0 poosv4430¢ ced ful | y-depl et ed sem conduct or r egP@NUST005036398
first conductivity type; providing a second
sem conductor region of a second conductivity type
dj f.r the first condyctivity.type, the second
CBEAOSE BTSSR adi et e v PELon 2
sefinéenaductorr egigdonardhatavisngiwl ¥y réepbeit &8- when the
POLRAELAHLRLRY iidhZeS 1$eeand i gD &81@9%&?'
adj acent the second sem conductor region oppéSite
first built-in potential; praoviding an increasing
fBlwar @ BR&Boferst itve Glaim & dmHuERor fublyodepleted
semiépfidpeovirdiragiandeer @asivididomaarLh bias: & ebhi X8t fo a
.tf%;st senhconductor rg ion, such that first built-in
sultaBl ¥ fPRPY SeRAEPRINEF T IS d built-in potential
is increased. 79. A nmethod as in Claim78, wherein the
t B2 eshbl detbbtage oh Cheiselio;ondiuatain deve cEul byl @8pleted
: t | d v f 0 I,onal _pn
e R 860 A e had oy Aot i e (ePeact o a
suitypt Bn@PRpdoreRisentsheiiceegigdvi ce, conpri sing:
creating in a sem conductor substrate a pn-junction of
ag pr edet ReAhoadrbyi kighl1pgbeetd alto@yk providing in
. the sem conduct or _substrate at apredeterm ned di stance
Seml??%%*?ﬂ%rpngoTBﬁ%FFBH'a seni conduct or region that is
fully depleted when the sem conductor device is at
zer o hpasvidingge. s8hicAndethod ake viirceC iaidnddindies ei n
t e . ] duct regi [ ovi ded by .
e e LSRR ARC UF) 204050 BB sRl R G Pbias
regtergeB22nA method as in O ai m80, wherein the fully
depl eted sem conductor region is provided by a

Schot tagoLefh@cs s8batBYetRblY 89Red vAWRNASI s the

region. 83.. A nethod for signal power storage in a
ﬁgﬁ%ﬁﬁﬂékaﬁ? tEo%pPIsi ng: providing a seni conduct or
devi ce including a sem conductor region that is fully

depl eted at zero bias voltage; and applying a

saip- t hesahel bias. Yok tA08, AGT 955 e, ser-conduet ar

region. 84. An éﬁﬁgcgéonggg?ﬁmﬁt Fﬁggoéggkggﬁdﬁ%%gFe

COmMPISARE conprising: a first sem conductor region of a
first conductivity type;

a first semiconductor region of a first conductivity
type;

a second semiconductor region of a second

conductivity type opposite first conductivity type;

a contact adjacent to the first semiconductor
region, the second semiconductor region adjacent to the
first semiconductor region opposite a contact, the first
semiconductor region being sufficiently thin to create an
ohmic coupling between the second semiconductor region
and the contact.

85. A method for providing an Ohmic contact within a
semiconductor device, comprising:
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a second sem conductor region of a second conductivity
type opposite first conductivity type; a contact

w@ojoaoerse4 t o the first sem conductor region, tPET/ESMON6398

sem conductor region adjacent to the first

sem conductor region opposite a contact, the first

sem conductar _regi@n _being sufficiently thin to.create

an ohn?gogéuﬁpﬁng %éfﬁgeﬁ%FH§9ﬁ§§ﬁﬁP€mﬁﬁ%ﬁﬁﬁU%Fo? Fifst
reghdnchhvditiietyortaend 85. A method for providing an
Chmic contact within a seniconductor device,
conprisi-pgi LAYl di B3 Bnl 5313 L1691 9B 9f s8cona
first conductivity type; and providing a second
SEMLBRBLELEY F¥BRORPEPSA teeddiR Tortiuandegtiypey type
oppPstéptt Be thestrieendehiviondddter atiprent dedt he

first sem conductor region; and providing a contact

adj acent _to _ first sem conduct.or regi.on opposite second
Sem cORHAELErFegi BR KRG oA ARE T St Sen cordlbrgrauctor
regyooni sppobitei ertbpdt bemitonchedtar areghon cwherein the

[RLPLL Sekebggnciie BECTM SEISANMAI IR AN create
sty nAMFt GOHPS L RGl Pesurieso fidhge tserc e | I8Nl et ¢ P ngregion

P4y €h80c8nkhEst sem conductor region of a first
conductivity type; providing a second sen conduct or

e pEySEBE G dveneerd e rotiooh a2

singlegsanicpnductbngdaniokm comprtiadinggdj acent to first

sem conductor region opposite the second sem conduct or
regi o 'rBGF&&Hg”Q Ehesti %éhi%% LRABUCLU T GII Q0 4 Sej rst
forced depleted at zero bias voltage across the
cerR@eetiYhEYf F¥B®/ seni conduct or regi on and the second

sem conduct or region; and providing the input signal.
providing a second semiconductor region of a second

conductivity type opposite first conductivity type
adjacent to the first semiconductor region;

providing an ohmic contact adjacent to first
semiconductor region opposite the second semiconductor

region;

providing the first semiconductor region is forced
depleted at zero bias voltage across the contact, the
first semiconductor region and the second semiconductor

region; and

providing the input signal.
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