1 WD 2010/ 065099PCT/ US2009/ 006329 ENERGY CONVERSI ON DEVI CE BACKGROUND OF
THE INVENTION 5 Field of the Invention, This invention relates to

ener gy comoaensvwmand nore particularly to an energy comeersstan/00ese9 ce for
converting energy between el ectromagnetic and el ectrical energy such as
|ight emtting device, photovoltaic device, solar |iquid heating device and

wat er purification. 10 rt Recent concerns
regarding the cost andE orp%atggmggipﬁ?ﬂfﬁg\?e challenge the art in

devel opi ng various types of renewable energy as well as various forns of
energy conservation. One of the nost prom sing areas of renewable energy is
t hrough the conversi on gACKGROERDH'GRTOCEINVENRONL i on em tted by the sun
into electric power and/or usable heat. It should be realized that nearly
all errergy ot her than nucl ear energy and geothernmal energy is ultimately
derived fHQfLFHE MY Rion The prior art has been known various types of
devi ces f‘GI’T‘O‘ﬁV’éT“l‘Fﬁ@ el ectromagnetic radiation emtted by the sun into

el ectri c powefThisTimegtort septss toénegendovessian sndowererpartigularbyfte an enkrgyocoRPersign

phot ovol t evi ¢ ertl electro r adi d by
Phe cun o R Ko Eine Bhorhh B R B SRR ARG P Skl gl it
produced dwxc&]@hatfwdltag:a&ese dolat liygid Reatighdsv gy aﬁdmmarpmnﬁaaﬁmhoc ess.

Al t hough phot ovol tai ¢ energy conversi on devices have found use in limted
appl i*Pati ons, the cost and effici ency of photovoltaic energy conversion

devi ces r@éégndtjomofmg}{tgia@d\mrdespr ead use 25 of photovol taic energy
conversi on devi ces. prom si ng_area of energy conservation nay be

found in the WRseenhrongemp d&?é{d&tgethP cesh andshortageref fassid fggls haysehillengmthg agiiges
whi ch pro I ctric
power . Th%g‘gg%o% ?Aé*o % g@?ﬁ te %Vya%% ‘?{ef 31 ° %grééﬁ%dﬁ%?“sﬁné“g‘%k‘%%”g‘ﬁduce
el ect r one@meetof cthc amogt pmmlsmg fardai t off eeneweblgyenaepyt &d threugh tlml tchmvegsion  of

sol i tate, | m.tt.in Q..ener S|on de i ces se

U s e Gulfiol ity of BB piC RREC bl SEYPERIPERES, HHPIANET | g
ener gy coBsized than neglyi aneale@/vcahérl thart aatldah enwgﬁaﬁd)gamcbnusleeﬂefggne@ﬂnmately

Bot h sol i(f-.st e g}pot ovol tai c energy conversion devices and solid-state
light em GFV‘?‘F%&% d¥"conversi on devi ces operate on sinilar solid-state
principles. | MhRpkBE hRlhes bel kndwhl RkiBusSyRR 1o ddViesStdERdnemideFeldrbinagréti¥\O
2010/ 065099PCT/ US2009/ 006329 ener gy conversion devices are reversible and
maybe opepéintan egtied byrtas windnte gleetrie pevefy Thessvmes pllevisesare eorpmorly rqumd to

em t timg RIOSYoIERN (b 8 dpviGf efEXthrﬁz%héﬁé raaﬁh et By ELGY LARET o1 on
device is specifically constructed to operate elt er as a p otovoltaic -
ener gy comery direatly deto ietpetrigipower. |Bt¢se @fmcm preduasd @p yrmfolgasessduping tevenergy S5A
Vﬂ.l’l e';]ydo‘{on&gmﬁ: n&gézt ors including GaN (Gl lium Nitride), GaP (Gl lium
Phosphi de '

Although photovoltaic energy conversion devices have found use in limited applications,

the cost and efficiency of photovoltaic energy conversion devices have limited the widespread use
25  of photovoltaic energy conversion devices. . '

One promising area of energy conservation may be found in the use of solid-state light
emitting energy conversion devices which produce electromagnetic radiation or. light upon an
input of electric power. These solid-state light emitting energy conversion devices produce
electromagnetic radiation with little energy wasted heat. Although solid-state light emitting

30  energy conversion devices have found use in limited applications, the cost and efficiency of solid
state light emitting energy conversion devices have limited the widespread use thereof.

Both solid-state photovoltaic energy conversion devices and solid-state light emitting

energy conversion devices operate on similar solid-state principles. In principle, solid-state
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Al GaAs (Al um num Gal I'i um Arsenide), InP (Indium Phosphide), Si (Silicon)
and SiC are currently being studied for,light emtting di ode (LED)

appl i cat iwo10Rss®at | y, efficient |um nescence has beenpdiramsessneds29 n
silicon, which is an indirect bandgap sem conductor, due to alteration of
its defect states [Wai Lek Ng, et al, Nature, Vol. 410, Issue 8 (2001)].
However 1Q1.0 5l Grsioft dediBdliafelerd B AaRRaicdBeriRl J0RPh RSSO BRHES RhvéMBES)
general | 379181] fﬁv%gsloﬁrqeéflﬁ%agﬁeergpectra?wr?osee[???mge t radiati vée‘}I Y ‘

i soel ect rdemice ot ndjghhemitireeenetysovasien deiesn s Eypically | solidstatd ensrgyndondrsiomi s
LED materjal has languished her recen rs,.show that Si ve
sotent | al TS BAPGH AL SPant SR by DRRRN SO Gl Bhveginn dgiRB el F L P
LED", Senightdéiittiig@nerfoumivarsion @esdsd um El ect roni cs & Opt oel ectronics, 2002,
Vol. 5, No. 1, pp.71-75,. 15 b) S. Kam cal,. " r | v high gyantum
ef fici®ency of Aﬂ%ﬂ%@%"@’ﬁ?‘&ﬂuﬂ’%ﬁ ?Clﬁﬁ?%émGﬁf\“Wy\ﬁ'dgfé@%@%‘w gﬁ‘épﬂ@%r:’ 99,
093108 ( 20@faks l(Aluminum R54INRE AREMINY, mPathditi! Frokphi®yhEP (Silietd) laAW SiC are

resistivity, has been a drawback for w debandgap sem conductor LED materi al
candi dat exrentbyn being | studiedt fasnlight derpiting néipded iR iapplicatiansc uReesntlyy effirienhpst

wi dely usgd, | b sifiGoH 4P icoiabbelaad by
20 the doRnyraiin Pl BrecRl AR RET, HAIRH ALk SRl bR r

def ect s andlt¢rhsorf afiityaitfectrstaiés [A¥a dpk digsetrmh Natire | Vol PHSL IspuerB (2091)hnkHevéwsn hi gh

t enper at ure,.anneal.i ng,i sot her.mal | y. heats. t wa iRduci undesi rahl e
dopart i PG Bh e Hairisnar ¢ bl SichieSF fbes) BMRRGR bR . o
]Ehg chal |lﬂﬁk9@gecir@,r nwd dﬂciﬁl&n?@&ﬁvéGmﬁtb@ﬁducttﬁbshaspﬁédli di@?végﬁdﬁicﬁ&etﬁﬁmljze
abrication, due tg jts _hardness, chem cal inertness and the | ow djffusion
coef i ci effvelapmens atylis Lk materipkbas lpnguye o, recw.werﬁswwagﬁﬁhﬁbs

Uni ver si tpayv@fpotepbl &r FgR! udAumSREfdRSck 083 K11 VahkkimantsHReh NCarbBé hads:, used
for Si C device fabrication include epilayer doping and ion inplantation.
Maxi mum d¥phieandecsorddusies QuapiumElequenice§ Gptoglesronies, 2893,iMo)- M- dapatt’Slept h
o it i i ] L de
bandgfagp S rn§3 ggﬁ%@?&?&s%&%{#gly g&hég]?llfltg};}%r go;c)fir)lfg&o?gr %g l5| tpﬁkrgg{l)glgﬁ)a\é%ﬁrei ng
cheni cal andfbdopdé pHIC, JAP, 8Ni0OAMIBAROMG).bwt h 30 and is limited in SiCto
nitrogen (N) hasphorous (P) for.n-type, .al umnu Al) . or, boron ( for
b type and vatsabnarees meel s fhilet s fil Mk mediedl BIWE e
MoSt  comMiprndghpieficon@ddict KER nitseial taididatesle Idmingmmatior Ahd civthisit diffusikaivare es.
Thi s process generates. inplanptation-induced defect centers includin

anror phi t 1 2EET e Foshgidgliriged i iqsepr dppipe sapeenduetery B hogyerey sqpred by
2010/ 2$5098 E%‘e%%? s Q6HA3 2P criy Sifltdanige By dHivo diftQect3RRAA M HoRfatlol ofenMoVve
t hese defects and to electrically activate the dopants. In SiC some defects
remai n af areerphoyp aratirialy Rast toa ipwlantatiee dighpemperatpganaegling isthgamallynbeagy theyi ck.
and A Kala ARl opafiffudich in bRy pRBared Bithr 1agh¢H . Annealing at
t hese tenperatures can cause severe surface Ua ge due to silicon

subl i mat i on arRepiglissenei ¢futhe ehalleigestfoTivads bddghph s@uicadduatoeds, Aartikaglry $i€k a
Materialig,.5h 4273 2006) 1. .l n sunmary. convent.i ponal i.n rpcesses
it ¢ hedeyisBdrcann b B R SRR nG P o B SRR pREFGER SR
Phot 023 t hmgstaiptpueitigafll et.nSalgma,SPIPC dxissattationp Udéerdig 6t Centi alloidd, Bpsing he

sample to electively doped. Thi Ily requires ta, 10- 15,
"l vi duaiZ0Ephobads doute s et ST Gt ‘v e cRlb P PeASt) o
Si and dopgmhpRitatich. Mdtsh@n depig CORoERItatidh ¢Plia % _@@M@Eluiwma%rﬂﬁ dbh

e

i mpl antation of SiC. Techniques allow ng direct doping w thout t

requi r enelitlinitsd by tho massediffnsign cegificient ohdhecdapawirin dh W‘%\haa@ﬁae sprgicomiugtor
Peart on, Sy f oW : 1 : [ WL 4 am
Andr ew PubCreRs mep ey oPfis BPRCRBing AR ARG Soor fiposkich cpffal Yl
Mat er3@l sandFs divetsd iim §iC Bevitrogst' (N)Qutpbesphotons (R)dfoPn-typey alumsnupi (Al) or boron

Sem condugd\o n uperl| at.tices, vol..20,.. Tayl or and. Francis Bogks, |nc.,
2004 ) i 7 e AR Sanileh G fof YpmrSad Ry be PR mARNEISSE R Gheticy o
Mat er i al séomiféreldypihg tteshaijuensed Hobbideabamdgsp seiiidddductor devicks. S.ThRApRBEss
5,063,421 to Suzuki et. al. disclpses a silicon carbide |light emtting diode
havi ng a BRI AETIAgRtPEfuced delEl caeh inabiite SmerPliteatian g dic pafer and
substrate, a first silicon carbide single-crystal |ayer of one conductivity
formed on the substrate, and a second silicon carbide single-crystal |ayer
of the opposite conductivity forned on the first silicon carbide |ayer, 20
the first and second silicon carbide |ayers constituting the p-n junction,
wherein at | east one of the first and second silicon carbide |ayers
contains a tetravalent transition element as a | um nescent center.

U S. Patent 5,243,204 to Suzuki et al. discloses silicon carbide |ight

em tting di odes havi ng SAU/BSHLUWRCtSHIAEWHREALE &6¢onstituted by a p-type

oy
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Patent 5,416,342 to Ednond et al. disclgses a light emtting diode that
emts |igWD20m/a6b®obl ue portion of the Visible spectrumpairtus26009be3ext er nal
quantum efficiency. The diode conprises a single crystal silicon carbide
substrate having a fi rst conductivity type, a first epitaxial |ayer of
silicon carhid . substrate an t 0 i as
the 5 suariat laeiRleb T I B A3pEH SR sl BE
first epidopyntal Ih&)(esoxﬁmdet&aytenglrt &t&r@mmaﬁng ft tenpedatotes up tty 170007 [2. Qiant,he

first lay The first second .epj.taxi yer fo junction,
and the dllso%éz‘f‘ﬂtlaﬁ‘iig K clf‘?@t‘fﬁ‘f“"d@tg ]?g ?é%dﬁ 6838? Bg‘{‘lgnf\f‘ﬁ‘?allaﬁatft PEnce
across t h@mpedulddRah tARe sé[t@ﬁ: sSERQ Hhnfipd Eiﬁ’é@o%ﬁhcbﬂ)ﬁ@hrﬁh@:%n shdlgdwaitusior @ a

top surface that forms the top surface of the diode, and the second

epi t a8 al TiamyhbrR HQuick apdAe Kﬁ@s%c%mafqr@h%rﬁ“ #2373 [R906Hs dn sHRmap Goaventigna at
10 which fromthe
si de wal Iéédpg&? egseéﬁt tgﬁe{l %m! ingg%ama%dn\?\%l héllisﬁ%ng)r&r?gfe% elgbér ption in
said second | dihetohﬂmgiaghls L;iaBd:ramgualnbgessaedtméeﬂnheIhet arghs aemSt tlhedarhplertosml
top surf ac 0 46 I
di scl oses® C%Y“%yr ?06’59513% ‘ES?%HJE‘!“&?S PR 5’nfbt gsrr:%n i %ng fsm§ ﬁ‘ﬁg\/ :‘lﬁamaﬁﬁ ARC e?ve
| ayer of abEmagneetching) (DASBEbS Sshxﬁdlﬁbpahemrdlmshdu arqwaﬁimum mblme&r@ﬂ a

15 nitride sem conductor aont ai nj ng i ndi um al lium irst e clad
Iayerl%ad@fﬁ‘g ion uR %"é‘oﬁl# rsi‘%eT%‘é‘Hil‘t%ﬁﬁ&‘?f‘tng “E‘ES BiPg O‘étl W%Hﬁ?’&ﬂ%?

gal l'ium '?f r%eéi lﬂec&ﬁa%a%mwatm vRBR @y rstaPearfaB P&@es%% of av1de i®ndgap
second p-type ad | ayer made of a p-type nitride seni conduct or cont a| ni ng

al umi num &fﬂ!@lcgdwtm@ml stsEqitiqny | Wdlipno rindresv Publishing, 2900 12d. Fenged. Hrivdgecond
p-type cl d cl ad
P oyar s SR8 A, BRI D8RS Lo b pror@fich bf SlmBordifr

ot her sur imlc&upeﬂatmtee, adt 20y 6 aylalymd Francis BohksSIncPQ.O@Aqtc) 61.908 5o6httia dlak dnmur a
et al | oses i n|t B ou n nduct or
devi Gk haU PR GARF ISR Rro i G RRRRS e TS BetR SR CeR B uct o

| ayer provi dedJSyestet 50831421 &bGSuzﬁiﬂCbt an dlerdses £hifed ebideNigh eidingndiedent act
with the sem conductor layer. The Chmic electrode is forned froma netallic

mat eri al , &g hAD Beeins shivlogedwhich compriggs g sepigopctor sbsater g First gilicas; o |
di scl os esczﬁ‘bﬂ@k&@lekiﬁﬁi lat%‘i‘ &t 6d%9co?l§d’dn9§y GRABA loft | R siibstratt, SéndpJ"ééfc&{H §1ﬁ€dﬁ0| ing
sem conductor-1ight "emt di ode LED) and a second PRS- LED.

first PRScarpidy single-aryptal kayaryp lhngrWO%tg@m@cmtyefmmedtﬂnubc ﬁtsgﬁhcmrbedesleszm,ndar y
l'i ght,sou r e econd
PRe LD, hitE it niEkind iftoh Bl 18R BARIAANG fe pGuAS, Lhiith 1t BRE0AA 4REZDY
l'i ght souﬁrsEarfdcnecmdl suliaongaxbreld ldyeg.htontams [aaetsavelentt teansitien g]lemenrt dsiaghminefcanth of
the pri mif\i%’fl i ght sources is nade froman InGN | ayer di sposed between a
p-type Gafff%yer and an n-type GaN | ayer. The secondary |ight sources are
made from Al GaySFPaterdihs, 243, 209860y SuAukinét H08is€l6seq Rilicdh @arbiie ApaEMitling Blodgour ce
can be di sposed on opposite sides of a SUBSTITUTE SHEET (RULE 261) 5 WO
2010/ 06500YPIETY RBIMNSHPHHEITh s constitHied &Y 8umyps siticon carbide singlg-¢rrit] layepandsasc ond
l'i ght ; 50U GRelsiicoh ERBRE SinPIR-chR1 RydryBnddahbrb Y Gh ces w&greﬁ{%'lf@ﬁﬂémM Shited
source. The 'second |ight Sources may conprise mcro-rods Al Gl nP of sane
or di f f er byirecemhipasinnt 9fofies. excites ipawhstantisllysgdizad, tab le@stra part of ths estype silicon

sem condu e I tipns, (j.e. . .

deep- | evef%%)ﬁe gag,wdZP Gi%?%ﬁgtﬁléengpér%eeegpﬁg\?efy (c)tlé\?]a en8§d atfr?lg dogmr impurity at a
deep- | evetorcatetpn bével)'® tm>achicove Us ehes wlmmjhglﬁ enfisgior nms¢thby as@pwk- of

the invention invol ves devic n.which ectric tr ort.occurs. through
2 band of e AN Gyiah AP S et Hhesm R ID6F ARG 7
deep- 3@V ehcchptinpitityjaus bt [e4x€a part 6MNBE nAFRE licoPtdrbivk z& aajagéﬂt td ﬂaaﬂ&erfablé bent
does not flow through all three bands. This neans t -state is

not act i n§en WogtioRingarsd Mith adongy impurity gt a ?%WPU%OfdﬁlﬁnémgW igher. scough
which tra may
o 1 1 ot LoRaed aleBRanRt BF Broa MARATROELathiae i, g U o E HAUAICRTEY
state of aredeging anathet siligogicarbighe light emitting diode.
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Di scussi on of w de bandgap materials and the processing thereof are
discussed in U S. Patent 5,145,741; U § Patent 5,391,841, U S. Patent

5, 793, 042voUnth/o6Ravent 5, 837, 607; U.S. 15 Patent 6,025, @0%;Uuskho8ood32a¢ ent
6, 054, 375; U. S. Patent 6,271,576, U S. Patent 6,670,693, U S. Patent

6, 930, 009, U. S. Patent 6,939,748, U S. Patent 7,013,695, U S. Patent
7,231,422, U %S I-T)%{ ﬁgg 4176 %“728(0 %ﬁﬁloncpetgl (ﬁé%io@&tal éé{%lt&‘% 1@&%&% fiS 11§1§Qn are
hereby i ncor por at &d réference Into the prese applT cation.

Ther ef or ehe blueim®rtan coib;heo/usmle spéctrnimi with rhgnexternalt qyaptruweﬁeleacry eilbe dipde
conversi on device a 20 t.hod of Ki,n risi e S e rgy
conver si STTHEYF e s‘PQIF ncé'ﬁsqq%ﬂéco? S afﬂlcpa F%Stgatﬁm%nan% y nﬁlgt 5°nr§@f %Vlfya{yp Br? gn%

i nsul at i ngitaad] @yleAbf silicon cartMeOSBE sQlb§treRtand adihg tHei same mdﬁﬂiichﬁty type AsOthe
provide an energy conversjon device and nethod of. naking

i ncor por atBYraieniny agerqndirpitanl taypr sticon eabideop e fint @pléaw&& [ae/%waa i@tl?gcthe

radi ati on, P&?t@ coifcRR tedonPie Afst RlySC tiht GRt arRN8&Ind egRAMPIHES f&ﬁﬁr%cat;i H e of
this i nver? fon is to provide an enefgy conversion device and nmeth

maki ng t hanctips, ané derdinsiedrcduties Ahmicecopiets durebplaing adetened differgnee awress the p-n
electric t

Anot her © dareRET S 00l Py LEifs OB w8l S30HE ATREE L fouh O ) Aftce of

devi ce ante deld)and dfe sn?mndrwglta)dmlﬂayleshasracthrcpmsaswfﬂcxemttm narqa‘su)the\sdid algh: ajevi ce

1 qurtd” et e e e PPl o0 B a3ieEe e i R Al S061e Rk R,

obj ect i vehRknebatSwiicl Riférhdd mbsosptioa i l’sﬂﬂ'sélfbn@-ﬂhy@xnﬁblgﬁ sGxRInES1B] RAucdakd hghtand
nmet hod of making that is |ncorporat ed into a photovoltaic device and a

sol ar | i citledfem gaid fopsuriacs of e digdel ectrical power and for treating water
upon appl i cat irpg Wfenfb 96646383k krhbra’cRel @igdl&@san%%-gﬁiwﬁlc%'ﬁ t-&MﬂE 261)
6 WD 2010/ 065099PCT/ US2009/ 006329 Anot her objective of this invention
is to pr odquehmmgaameacgye lepme€a smgiprqda;wrn evel wuature holultifquantikinnwelk made of a

[ ncorpor at. a ol do on nts
i i QU oAt ARG AR s R Gt 0% o Bt AR aERL s R
states t mlﬁfd@wmieomlnctef Edntdieing alﬁsmiumjamit gillnefseireyideddn ventsit ovithcene isoiace

Anot her obj ecti.ve of this invent is t ovi de an.ene conversi on
dovi ce. antl URACHRSEIagH. Andkeon) PrRRe et PO b P bR BT FOHOTO R SEURT R ch
enabl es  t @ninbimiand gAfiurh KEprevieddn HONMEP-Bjpe Blad RiVEC ke GecdndPitfR cladgiVer has
sensitivity of the solid state energy conversion device. Another objective

of this i#h ibapd gap then ghasafdbe disstghbype¥lad daxeer A dhtyPre H4RIEOHIYFLRE YO t hi n
a oney 'eﬁr‘o’w&émﬁk&ﬁ&c?wuhtheothe%?ﬂ%a'&%fﬂ@h&ﬁr&lg& of this inventionis to

provide a process for neking an energy devicé that is |ow cost and may be
fabricated i n U.&r Batend 5x998680 & Bakamura et al digetosésor egbum guthide-bengd IMlYeGraspne of

the more polbiRPEm@Bh&El? &)ewcF hﬁavfx{rggﬁegahh& “Vlg{Hde%a§edTE[f“§/e Bl cBr% 8”' d

be constried as Bel ng nerel nor e "pro 15
features ﬁﬁﬁko&dlpbkdrd@bt pmslded otdn@ subssirate] ardran Qlinny eletingic ;imrmfdl m lcadtadt e&thl ts

can be ob alned t he discl osed inven rent
manner or MSARFYRNEOT Rt 106 hRRelechogt oy 5k AUl Betelal st fien
undersi anginggeddf the invention nmay be had by referring to the summary of
the invention and the detail ed description describing the preferred
enbodi nent of YW-RePateny didP 3RS toWu et al. discloses a white-light emitting device comprising a

first photon recycling semiconductor-light emitting diode (PRS-LED) and a second PRS-LED.

The first PRS-LED has a primary light source to emit blue light and a secondary light source to
emit red light responsive to the blue light; and the second PRS-LED has a primary light source to
30 emit green light and a secondary light source for emitting red light responsive to the green light.
Each of the primary light sources is made from an InGaN layer disposed between a p-type GaN
layer and an n-type GaN layer. The secondary light sources are made from AlGaInP. The

primary light source and the secondary light source can be disposed on opposite sides of a
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SUMMARY OF THE | NVENTI ON The present invention is defined by the
appended clains with specific enbodi nents being shown in the attached

dr awi ngs.wbBaniodssoopur pose of summari zi ng the invention, pcliascomwendszon 25
relates to a solid state energy conversion device and a net hod of making
for converting energy between el ectromagnetic and electrical energy. The
solid st o] I V] i i ) uct or
ot er al PO EY MERELA, BR AR RIILAES dMafol AEHAGR CATLIEY T .
doped r eghoprirodry tipkt sourde Bleensigud lightsotgexduayt @mpriaé midrétrods Af AN@aTiRbf semer gy
beamis directed onto.the first doped region of the w de bandgap

semi condu‘iftdﬁg'rer PEPRSIUOMS, the 30 presence of the doping gas for converting

a portion of tihe Pitét70d9¢Rdtor PG @isclbddl QerdlicERiuchE dSRBRTthAtChPIBy idBept 18RI W de
bandgap sem conductor material. A first and a second Chm ¢ contact are

appl i &d tEnsienst (1eqt degprievehte-corduston-bde dlesrol§ydrie- velencetbands ofe desprienshis-

sem cond ) ! £} i : i i.qp, the
Stop of  prguicaes At oIl e AR SR P Renon B e 9P
2010/ 065099FCH¢ 091spTEeRArsshmiighonkind pbdeepdevel states dndyist thezofiduction btoged
region c [ vi di | pdoap.seni;conduct or .amateri al. sel ected

£ om ¢ no F BB aileft i tnd'ald 36 BEVAGRE LERN. 0 NRAE e B b B8 K
nitride, fthvathibough atlithe®bahds.i Res meansalmt tHealeepistate tis hal actimptasgaddnradintiphesphi de.

I n anot her specific enbodi pent of 't i nvention, t step o ppl yi ng.a

dopi g gaut PR prarceriEy Qend g Potsh Gamipp CAKeS Bt AQUABER e R QoMRAEER o

naterial @ephbhsEmapiRllitdte s rlifivpinassiges a&ﬁﬂg%teﬂﬂerftﬁ@ﬂibﬁehﬁr ek Ba@ @Fgh St i ng

of nitrogen, trinethylalum num Bis (ethyl benzene)-chrom um

di et hyl seQP8fal HASIAR- Eur poi um 2,2,6,6, Tetranethyl 3,5, heptanedionate.

Preferably, thgst&em of w@l@ F%'aﬁ(dg@ﬂﬂnﬁté;ﬁﬂ' and tﬂeaﬁr_oéégsih ﬂleFéo? Ste (ﬂ&)g?sgd Legion of
conpri

the w de bandgap sem conduct or terial ses applying a doping gas
cont ai ni Nepteat dd@aié1; Y SmPhtanti N3P 1841 a Ush Ratenti 5708040 tU.§. Patentr 58760071 Bt t he

2l erige. Obudl%,095 4 AR SERLOAYES FudiRls9y1 She (OSPEGULEERA A i Mol @

v
donor~"wi t'hin thé doped regron the w

mat er i al . Patemt ©6}980,609,d0 8aPatet, 6,9397481 &S. efapdny 17/0¢3,695, U S0 pateyy T267,420, Ut
first doped reqi 0 e W band i conductor material conpri.ses
bt yi ng b0 GaY S et £ 199 8 ne S RHEGY HEDTHO 9l B edererce ino
suf fi ci enhé Wrese@bspplibdibnt he val ence of the w de bandgap semni conduct or
material to provide a 15 nulti-hole acceptor within the first doped region
of the wide bahgghpse.deiie bigeies thintnzentian to AREide pr pnesgy eopisersiPhdevidseant | r st
and SRCONeARIBndAY BfloritRY o CAMMNSERrRBAKIA dcIRe Fdrfndd i WIREONTiPNM ©
contact selected fromthe group consisttng of 1 ndium alumnum an

aser
synt hesi Zwddgapmintanial ¢r@h insuhatingmeterialThe sol i d state energy conversion device
may operate as i emtting device or 20 phot ovol t.ai ¢ _devi ce. .The

sol i state onubuls MLl B RPN, Bl 87 RIS PR ir i Al Pt
upon t he afppdkingathatds irebrpetaedtinfocalighp emtting devideao pradate dledrorngmnid rdidtion
contacts to erate.as ltirghlt emtting device. The solid state energy
conver si ofPORERS2RRIBHNRfELSTERIROMET cal  power between the first and second

Ohmi gscont act saréeR objbRiveBRIhisGA¥dnBSh Rfto HloPit kP BRGREIhCertiad HaideQd hidtRREr at e
as a photovol taic device. 25l n another enbodi nent of the invention, the

i nvent i orPfimaking.Hatys Ancomerates: igtosm phatoveltair dewipe fgproduse\edacticahpaivey jupen the

conpri si Acaibi6r 23848 epganguctor material having a first doped
regi on. R&Se(?ond doped ?%hlge?ofnghlfés ormed in situ within a portion of the

first doped reyiother bbjedtive et thisngveatiomisrtorpiovidn en gnerdyemny @sion dévie ahd nethodoped
region in

he.presence of dopi n as for converti .a .porti of the
first dopdd il BT feaarBaoiRs HeBliu S aR M orsp R Suf Foardie Srgiss
Chm @ oc ondlévtricabgoavet o teated tquid updiethé pptitatidn df élb@ronREmNd rétifpd. regi ons of
t he wi de bandgﬂ) . .. .. . . .
other objective of this invention is to provide an energy conversion device and method
of making that is incorporated into a photovoltaic device and a solar liquid heater for providing

electrical power and for treating water upon application of electromagnetic radiation.

SUBSTITUTE SHEET (RULE 26)



sem conductor material. In one exanple, the solid state energy conversion
devi ce operates as a light emtting devé ce to produce el ectromagnetic

radi at i orwopon/dsb@oappl i cati on of el ectrical power to tireTfliSeew/0063d9 second
Chm c contacts. In another exanple, the solid state energy SUBSTI TUTE
SHEET (RULE 261) 8 WD 2010/ 065099PCT/ US2009/ 006329 conversi on devi ce
operates as a photovoltaic device to produce el ectrical power between the
first and second Chmic contacts upon the application of electronagnetic
radi ati on. Another alfjedtive afithishavengorbis to prewite axd ertehgy donvezsion devicetahéd methednt i on

is incorpqerated into the process o king a solid state |ight emtti.ng
devi ce | A Rer it {HRE alen dan S ol SaRI R oy oieh fbepts dn
process Gadifci SIS baldzap sehoffuc®dfsoiciiateQe fcivit dalidtne dgeds t6 ProvedRNALEGént
material having a first doped . region. A doping gas is applied to the first
doped 5r egPBhSIF Ry SOMURESIBRAYISp seni conductor naterial. A thermal energy

beamis dir eCtAGQt}@f‘élﬁ?crtib@ of thisShvedRREH t& ﬁ?@i@@ aPEnetdYeoM S0P AVIIARd method

sem conductor naterial i t he dopi'ng gas for converting a

] [ in the presence o [
portion off making thatsinceippreigs cegbivatianatod dapantscwhigh ¢ the gurang pftheramengy de
bandgap ] i 0 A fd . i.c.contact is
applied fc gﬂ%e}iég (?é?}sctg anﬁhft%{lfé&i %eél %lﬁv d%é%"?"}‘gg'? tg%g&%}??@%g%mggw eandgap

sem conduct or Amather blgkctive rofahie imveatipyl &, totfhevideohn enesgyatanvemivhglevice foraredi on
devi le‘o pr oﬂ'té‘ges el.ect romaY%neti c radiation upon the application of

el ecttli cAVIHLARIERIGFESHRE, st and second Chmic contacts to operate as a
l'ight emttinguidei siedtiay iof thidin@itidh if A6Vl 4 pRcéNTFbr hakiReh vizht

m dday daxl i.ght and average daylight. In another exanple, the solid state
energy 15hasnowcestand may be fbpsatrdue begesudeseapatignet i ¢ radi ati on upon the
appl i cation ofrwelegeldinLRls RAANRE sbfle bl e fhdr bertiht %ﬁﬁ&ggf ggiprgseﬁqmeﬂ%ﬁs. to
operate as a li1ght emiting device having a col or tenperature that Is

bet ween bihegshebjeritsdshaylddzeydansthied am being eresele ilthatydtivg lof some of thermert ipkdmiacist her
enbodi_ne L I the invention Jsiincorporated into,a solid

st at gsl i %%ﬁrfgsm%%ﬁér%x%%&% %g ﬂ%:eolrrrlg?nltlgfl'ng%I %ng'vx? e eﬁ%%é%ﬁesél }etsmc%noﬁ%l 33%16‘?8 Iby

mat eri al dpplyinggusingf thesdis@6sed oipedhtie gh an diffree adanelerd 0P @tbdifp@ Ofie i iivehtisied i n
situ withjn a.portjon, of the _fjrst doped ion by directing a thernal

ener gy bertPEIEY QbR OPiepisen aGBLindristiRE PFBE CHIBIBRCE T B THEEREY BSs f or
conver t i ngmapstithifvéition Bed thé A&thiled ARRHAPHQLISRbi} (Re FrefeBe@BHbERAGH of @8I ON.
A first and a second Chm c contact are connected to the first and the
second ddp€dUPRegi ons of the w de bandgap semi conductor material. 25In a
furthgr enbodi ment of the invention, the invention is incorporated into a
solid state photovoltaic device conprising a wi de bandgap sem conduct or
material having a first dopetUMMABY ORTEFIYNENBHON region is formed in
situ within a portion of the first doped region by directing a thernal
energy beamonto the first doped region in the presence of a doping gas for
converting a [Ibe piesent biveition if defined biphe dppefdidemimfivith Speeic@ntbodiaat beagi on.
A first apnd a.second 38 Chm c contact are connected to the first, and the
second dopeHM ﬂ%ﬁﬁe&ﬁgchs FavEngS: T BRRIGRGSS 9& HTEDRIRE Hie ipentipn, dhe invention The
i nvents Onelates & $ olid e BRESL RvIrabe déVid H8 aStethed oﬂlﬁi‘i&ir’f%fo@ c&®ehtfhipthale§
energy device froman insulating substrate conprising the steps of

provi di nPeivesn hedtramagestic aand; plseirieal i sngray SUBKET Isqlidr statsHETETRY( FRIVErSRE 1devicy

comprises a wide bandgap semiconductor material having a first doped region. A doping gas is

applied to the first doped region of the wide bandgap semiconductor material. A thermal energy
beam is directed onto the first doped region of the wide bandgap semiconductor material in the
30  presence of the doping gas for converting a portion of the first doped region into a second doped
region in the wide bandgap semiconductor material. A first and a second Ohmic contact are
applied to the first and the second doped regions of the wide bandgap semiconductor material.

In a more specific embodiment of the invention, the step of providing a wide bandgap
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WO 2010/ 065099PCT/ US2009/ 006329 nmaterial having a first surface and a
second surface. A portion of the insulajing material of the substrate is
convert edwonvw/msdpr st type wi de bandgap sem conduct or RETAIS2E@0/0063029

adj acent portion of the insulating material of the substrate is converted
into a second type w de bandgap sem conductor material in contact with the
first ty i ANFgaR 1.GO t | 5.£1: IS
provi ded%?rrrllwg eg?ri ca?lﬁ)dcglg‘?] exll ty\?\# t&hgéq?gs%gpgfé o{nyﬁseesv\f rg{élﬁﬁlgngggigy%ﬂ&gab

seni conduensondustop matdrial Aelextesofrom abe gromp onsiging o silidenl carbide) gadliun mittide,
contact w,th the.second t Wi bandgap sem conduct.or terial. In
a nore spLdEipym R %@eogiaf?@ﬂ%%gafm@ﬁzlk? ﬁvg F%rﬂ? m[trh(% agg ﬂ?lg‘-"gtgﬁ?s@i‘@ﬁ'er gy device
i s a phot ovol inhmbtlen efgificiimboditnchOsf the Bivertionghebtes bf appBlingOdepindet we@s t he
first and.second 10 nduct or s upon i npi ngenent . of el ectromgneti.c

radi at¥ orf™44PediEsign PE FFaYifs bandetneserisonBudyr sraterish eqmeprisereanPbang 3 deping ght

em tting QREEYYIEHEMUhE Lrb c@ﬂﬁsﬁﬁ%ﬂﬂ FibrBgdn! AARERRhuminAdl Bls! Qithy RRAzdBE
application of electrical power between the first and second conductors.

| n anot hethrosyum; dipthylsglendem eech tEvaroium @,26:6 digtraragthyl Siie hentansdionye Prsferably,

i ncor por i 0 : f.ar i j g i from
o noul anEdlep Bt Solyify DUORASBas Blnd Bt Blbeft B o B Wik ERELD cAREhES .

i nsul at i ngaterl eomEisehapplying addpingsgas sontiiaing adnphnaatemdanthg awmafeacesuffiiendgi on
of t i nsul ati ng, mat.eri al. of the substrate i.s. converted into a w.d
bandgdp SBFAAI Ja Bp1€ics o, e, wideoandg Seyconiet i mr sl g At iden® PRl
bandgap sdfbrC @itHinCiher firslset adegiof dfi thé twif® bandaap @Emicbfdustod Endteligam the

sem conductor material is . conyerted into a first type w de bandgap
sem cond EBRIYTater s 2pntying At A dopiRetads i dher firstsdoned Herien 6f theawide dapdgap

portion 1 i t G i ] JdNto a
Becond 1y Ly 5, pig pltofielrle § oATNERS FAERD
wi de bandgiepcesfficicnty less bat thavalenca bf thawidedwendizap samigertdoctor matenal ieprovide a

cont 1 th i he : .. d ndgap. Semn ductor _nmaterial . . The
i nve?\lt%ll o\rllﬂnlhts} hé sacc)§e§)?1°83$ f)hgérlg}%e%ﬂstl (%’P gééegg) %I ?fiﬁes?g{@;t agr%Pgsf/mkfg{l/ﬁiug%r %ﬁ??%'si ng
a substr dfte sth afrapplysiglthd firsg ambteeondaOhiviongctamiy catiprisey ipptyingithd fiastsagond
surface. A fi r@t cond c%or i s l.ocated 25 inside (%f. he substrate between
the first R RGP AT Fdeds! GPm fite SRR cPRYtng At indium, amainyp pndplaset g ap
sem condughtésizeBtaboredich ndwe!t ed i nside of the substrate in contact with
the first conductor. A second type w de bandgap sem conductor nateri al

| ocat ed i nsi ddhefsolidstals FHeTey MOBVETHOR @ptieec MayOp¢fate [ae of hight emitfips dayiee obandgap
sem d ial 7 : I4Su: i tact w-th the
ecom e B T S Sk lon P Aighftes ATk il 1€
t he i nverupenthe appkcatioy efitledrical powerctortho fisst ewil sendral Qhisis] dodtasts a6 eperate gy

conver si i rishn one-pi ece insulating substrate. A

phot ovol ﬂ %h ggéc‘iuetgnggcceag‘lﬂse'f zllrhﬁrgssﬁﬁevi S?%i ¥ Pe “ONESP"et? en%rﬁ?‘écﬁ‘ SEESHsRPE e for
enabl i ng tetveei fefagnead seonidOhmid @htapk apaglht bpplicitivh ®f tlRetrémgn@ticaadation to

i nsul ati ng substrate (%2. i )pi nge upon the photovol taic device for

SUBSTI TUTERCBISEES PIERIEasdieYIce- 10 WO 2010/ 065099PCT/ US2009/ 006329 gener at i ng
el ectag cal pPOWeGnother embolifmedt b iHehiBlenBBROME WRBALIR isliRQpIINEN it Rolid Biste
invention is incorporated into a solid-state energy conversion device
conpri si riFeI8Y SARVEHIUL deviges eAmprisig & yida bandgap wnjicapducteremateriali hayingewifiest | s

formed wi jhi - ey i nsyl at 4 e for.nr j :
el et romshet R OF o e P R6fd KEih A foBRdTH R bt o B IRRITN Mo repign
i npi nge Upalretting adhgrinalbaneigy heanh ontb dlet firstodvpedoogien in the presenceiofd ddpingaga$ fort her

enbodi nent_of..t he ipventjo the invention is incorporated jnto. a
S0l |- ot APRREiErSporEYh O s ik BT S Prkont P HBE RN 04 A spsorg
substyoat eOhnfie coMattGite COMNEEES it® thedfryi &Rl he sbdhd®dpell teBioRs b eheOWRIe HafidRp

i nsul ati n% substrate for converting ener%y bet ween el ectromagnetic
radi at i orsPRKANEICIOE Material BB ARE example, the, gl sty engegycopvaTden fevicerqpesated 28 @

light emitting device to produce electromagnetic radiation upon the application of electrical

power to the first and second Ohmic contacts. In another example, the solid state energy
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10t he one-piece insulating substrate for directing el ectromagnetic

radi ation relative to the energy convergion device fornmed within the

one- pi ecewpnsuwmsiong substrate. In an alternate emrbodiSceanoeko t he
invention, the invention is incorporated into an energy device for
generating electrical power and for heating a liquid upon the inpingenent

f elect et i . A ' it j th
cona 1 1 SREt T EBRGRE ach PRSP U Bridlod Beica PR BOMAGERE 210, 1°
t he gl assind sioetd @hreicfcontacsniagminitgapplidatios bf eleorenaggtib radiatibhe el ect romagneti ¢
b o ek SRS b BB S LS BrBR e RE b
el ect r onegmeking 4 sulidastdt® NightCenliRing RROIcH &l a BMbsAR JTHoW ¢ Wahddap sSmiofiducionr

generating electrical power, In still_a further. enbodi nent of the )
i nven®i of2teigk ThR RIASSSH FOMRIISEHNE si5B of aviding 8 vaide badesp sepncandystoranateyial

gener at i ngyigh 86k hﬂﬁh BRAETA U 36 dpPRidNe aERLt d@{aed%%sﬁ BPtﬂégz'itfetﬂaﬁd%%Ber 9y

in conbination wth a solar water heater for the heat purification of water
t hr ough sehmendugir atateppl. A thermallerergyobeanois rgredted omtatthe firstidopsd hegiothebthd| vy

the nore i t _and i r e res of.th rese invention in _order
et e AR SIS sc AR lIRS mhd¥Han i BleCehof b HOBORRERRNbr LANERDE 8 Bohin®f o
t he pr esefithedistidopddutgionintoa sdeendddped segidadn tenvadd bindyapapmiceaddted thaterial. -

Addi ti onal featuyres of the 25 inventi.o i1 1. be scri bed, herei nafter whi ch
forionaa it orgrend Oic Rl s R0 T ired Rt eond flopeb FERBHOLPe pose

skill ed iwidé hdgdpt seinitdhddchs? nt@HAE Phnl 038 eRdMipl1é,iBe Sl Glafd dheRyRBAN M Fevice
di scl osed nmay be readily utilized as a basis for nodifying or designing

ot her st PiRAuEsedeqigmagngiie yadigiasyepannibe sppicaion b stestrigal’ poveer jp e first and
i nventi onecohl GHAAY LGht@SH cga%ra'iee@s' ﬁgﬂ ehgiuih%ﬂéﬁcéfﬂvhlrgeﬂcdl& &H@er@ﬁﬁe 1?1?@1% such
d rt fromt t he

equi val ent constructions not dep e spirit and scope o

30i nvent ibehweeBRIEF nidiBgRaFEhOMAGFeREEdHRAW NiGShdter exanfplé,| tey solid datesnengsli ng
of t nat ure.and objects o he invention, reference should be. SUBSTI TUTE
SHEET 5 ROPE Su o B2 s B b Eesatie oD RS R & et PP B ng
det ai | ed thke $iest i qptl | second a@Rimici Conta@BNRC bpeddte Vi ta lighteerAieipnParive hayidy avdo@s i n
whi ch: FIG.1 is a side.yjew qf an air-tight chanmber with a thernal
ener gy beSRRTHYF it ﬁé’e’b‘ﬁe‘ébwllﬂ&‘@éﬁg@g‘ﬁh@ﬁaﬁ%ﬁ%ﬁd@ﬂ&ht's_ubst rate for forning
a solid statepenfl shotepRUBbSRA et GveRtion. BR iﬁpe{nggﬁgginhw&aﬁegﬁﬁéb aiéoﬁd 2 1s

an enlarged isonetric view of the substrate of F ; ) 53Ais a
graph i | Istata lightjeryttiag dieyiee comprasing ¢ ivofe bandge semeipendyetpe materiphhavingng firsie

Corais B! 3 AT SAELPL i iR R R g
conduct i dry directibg @ftheamaleamengy bhelne duto the first dopéd 1€gi8Tin the presgnapbf 4 ddpirptgasfarng a
LoD oy Soptel R 5Bl SFHYRRR abfi BLETHES  BROR ida diford PRHIGLNAT LAY O 2
Ohmic contact are connected to the first and the second doped regions of the wide bandgap
semiconductor material.
25 In a further embodiment of the invention, the invention-is incorporated into a solid state
photovoltaic device comprising a wide bandgap semiconductor material having a first doped
region. A second doped region is formed in situ within a portion of the first doped region by
directing a thermal energy beam onto the first doped region in the presence of a doping gas for
converting a portion of the first doped region into a second doped region. A first and a second
30  Ohmic contact are connected to the first and the second doped regions of the wide bandgap
semiconductor material.

The invention is also incorporated into a process for making a solid-state energy device

from an insulating substrate comprising the steps of providing a substrate of an insulating
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FIG 4A is a side sectional view of a first exanple of a solid state energy
conversion device formed in accordance yth the present invention to

provi de awveabiobestate |ight em tting 15devi ce; FI @CTAB2009/086339 de
sectional view of a second exanple of a solid state energy conversion
device forned in accordance with the present invention to provide a sol i]g
state |i Lk | £:E0 ' | i view of a
Third exansy ! s OFPYEEs and o second siEhe, A Bk CRASE OGN Y 2
accor dancsebsitelis coneerfed arge afirst type midedrandgapsenicontinctar saterial. Straddgackrt@bition

1 tti | GE: .. Fl [ I de _secti.onal view of a fqurth exanple
g][n a Isglgliog%s{‘lt gxfsglag% e (F)i r?\ggtﬁesisg?f%a%vﬁsc%onf’%feﬂeﬂ % A KW H'Bﬁc‘%lgwtlaﬂdgtaﬂe
present isenieonductor fratepaloMi c?dﬁtaétf\s'fﬂ{ ﬂﬂ ﬁ‘r&t&&;fé \piafeibﬁbﬂgh Q%rﬁicfiﬁlgﬁbt@»?inat%ﬁﬁl @ 5B
[ i d ectjonal view of a fifth exanple of a solid state energ
l:gme} e?lsi aﬁssf &8’&‘/1"8@ fsorpaded i electspbicantast With fhe; firgt W%w?tbamigﬁ@rﬁ@mmngt@tor

provi de gnatlal. dA §dcBhPcdIROMOblotded HEMNdcERal contact with thE lsc@ong’fégé Widd b%ﬁcf!%%c)l .
sectional view of a sixth exanple of a solid state energy nversi orr devi ce
formed i seraicewsiuglan@atetiglt h t he present invention to provide a solid state
hot ovol tai c I.CE. i i h .of nventional., dopant
8i ffusivity i ﬁl %i gﬂgs&’gm%ne&bioglrlqgg% gfél?:el gnrv cgirE:a ’ tth %n%ogfraasyager &'Fer dg‘gﬁ%ésn?i onal
processi mhotoil@ic gnargy aevrapghr pioviding eldctrzhl powef betheeahamirs &id sbtoaad Al

as a.function of depth. SUBSTIT SHEET (RULE 261) 2 W\ ,

20107 Bo5CUURRARUSI0PRERISY U THIRTAEEIE SETCn: (g SrNe W deldbsiiagap
subst r at energy devicehib @ light eritfngdénRRly debice Biciiiing lele@orRdgntieradRRan biforGhe N
and Al as e} function of depth within a 4H Si C silicon carbi de w de bandgap

subst r at @PPliepigen of gleptzica) peygrbetucepths fifst apd esgordt condyaterst exanpl e of a white

light solid s kbdcl | ' - SjC. (- . trate
blygdopi ng w t%ﬁgﬁ)ﬁ%ﬁﬂg%ﬁ coﬁﬁ%é%? E%ﬁégﬁg&ﬂ%%q}ilg&ggg&rogﬁgl%? rpﬁ’*’gﬁ mﬁﬁ?gnsi ty

as a fun®rdcens forrmalangd soligtstate energyhlevise fron agtissulatihg gtbstrate comprising providing

15  a substrate of an insulating material having a first surface and a second surface. A region of the

insulating material of the substrate is converted into a wide bandgap semiconductor material. A
first conductor is formed in the wide bandgap semiconductor material. A first portion of the wide
bandgap semiconductor material is converted into a first type wide bandgap semiconductor
material in contact with the first conductor. A second portion of the wide bandgap semiconductor
20  material is converted into a second type wide bandgap semiconductor material in contact with the
first wide bandgap semiconductor material. A second conductor is formed in contact with the
second type wide bandgap semiconductor material. |
The invention is also incorporated into a solid-state energy device comprising a substrate
of an insulating material having a first surface and a second surface. A first conductor is located
25  inside of the substrate between the first and second surfaces of the substrate. A first type wide
bandgap semiconductor material is located inside of the substrate in contact with the first
conductor. A second type wide bandgap semiconductor material located inside of the substrate in
contact with the first type wide bandgap semiconductor material. A second conductor is located
in contact with the second type wide bandgap semiconductor material.
30 In another embodiment of the invention, the invention is incorporated into a solid-state
energy conversion device comprising a one-piece insulating substrate. A photovoltaic device is
formed within the one-piece insulating substrate for enabling electromagnetic radiation

propagating into the one-piece insulating substrate to impinge upon the photovoltaic device for
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emtting device of FIG 9A FIG 10A is a side sectional view of a
second exanple of a white light solid shate light emtting device

fabri cat edoanioids®@p C (p-type) substrate by dopi ng w th rCTrusge/oedsdo
chromum 10FIG 10B is a graph of light intensity as a function of

wavel ength for the solid state light emtting device of FIG 10A, FIG 11A

Is a sid ' . Y] of a third exanple of an orange-red solid state
| i ght eng?lt%‘l%ﬁ}ééﬂg%%agb%ﬂ cated on 4H: Si C (p-type) substrate by doping

wi t h chrom unin aHuftherehibotdsneat gf thp linveftidn, gietinventien &iihgorpaatad intis @ solakstaré
wavel ength for the sgl .d stat.e Ii%ht 15em tlting%g Vi ce ff FIG 11A .

FI G 12A°TEEYLOBY GO B GeiAPTY e &/ °BF PiECT B S ﬁ?ﬁﬂf"’e o180y egPeRnE deyie
solid st aterhédRith@niht onBPicte nsaRitih@ RibsEak Gor Qfép%?ﬁﬁ% GletRorhygelic $dabsibh at e
by doping with chrom uny . FIG, 12B is a graP of light 1ntensity as a
f unct? onlem theRnsthissg infulpbine fuhsraloiojigpnge vron| thegpplieation of dlgctawl pekerof FI G

12 20F1 G " 153Adiis il d5ib886HchPOethe WvENch! 1 ifehfibh, RXRBRFae] info §§&iid'.i ght
solid state light emtting device of fabricated on 4H S C (n-type

subst r at satoyengtgyi pepveision démesnicomprising a ofe-giece] 3Bulating sybstrpte. of Anh jegérgy

i ntensit functi. f vl th far th ol i tate |ight. emitting
devi ce o%{m&%&%nl X\l%g If%)%) I%Tﬂ\,&%?ﬁgn gﬂeg 0 %'pl(sg%ecinlsglﬁ%qg ?/uﬁ)gl\%lt%ftgracosl Kt gf)‘??f%l e of
a bl ue | bghtenseddrdmapratie radigioh addelectricalgwdevAaanimbent eateguidnisGlffiofid @

(n-type) .substrate by .doping w.th.al um nu FIG. 14B is a graph_of |ight
e ohEi ) R e gt e Sroatt Shreaiteeling FCRomaetic e Blafy i e el ng
devi ce ofonvkrision 88Ace formed wi'ﬁii&hel)'éé\pie‘é@ ﬂls@htﬂ%sﬁ@é_ﬁ'faiepnm . vi ew of ~a sevent h
exanpl e of a blue-green solid state light em tting device fabricated on

6H: Si C (n-t yp@)ansip@ate smbodinentbes te invertipnpibe Hyentymrs mcompyptqdsinty agreaergY of
li ght ingensi : i | - [ ¢ State |
ertt i ngiaig, fOf @Redilg!LEN Rwatt RRHRiCD i 880} G i Fpertdf of

t enper at elegroamgeeticuamengly orA @flash anhbtratais fpositionsd iadjasens 6 itht sinduié rebeivingethe

SUBSE TuﬁguiéHEETpl{o%Q/%ﬁaig 6c?‘ellice is disposed within the glass substrate for enabling a first
wavelength of the electromagnetic radiation to propagate through the glass substrate to impinge
upon the conduit to heat the liquid and for enabling a second wavelength of the electromagnetic
radiation to be absorbed by the photovoltaic device for generating electrical power.

In still a further embodiment of the invention, the invention is incorporated into an energy

20 device for generating electrical power upon the impingement of electromagnetic energy in
combination with a solar water heater for the heat purification of water through solar radiation.

The foregoing has outlined rather broadly the more pertinent and important features of the

present invention in order that the detailed description that follows may be better understood so

that the present contribution to the art can be more fully appreciated. Additional features of the

25  invention will be described hereinafter which form the subject matter of the invention. It should

be appreciated by those skilled in the art that the conception and the specific embodiments

disclosed may be readily utilized as a basis for modifying or designing other structures for

carrying out the same purposes of the present invention. It should also be realized by those

skilled in the art that such equivalent constructions do not depart from the spirit and scope of the

30 invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention, reference should be
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13 WO 2010/ 065099PCT/ US2009/ 006329 FIG 17 is a side sectional view
of a solid state photovoltaic device fabricated on 6H Si C (n-type)

substr at ewbyotawseyg Wit h al um num and chrom um FIPGT/UK200090&309
isometric view of a building structure having gl ass w ndows i ncorporating

t he energy conversion device of the present invention; 5FIG 19 is an

enl ar ged | I : b i 4 - El I ar ged
secti onaln%\?igré({/vﬁ\g?é)nr?\éhﬁ\%%lggg%%hpﬁoﬁ%équg%lkgn ‘%‘% }hg a?ﬂ?é’%‘r‘??‘?% @gw\%@gw of
a portiomwhickl G 19; FIG 22 is a magnified view of a portion of FIG 20;

FIG 23 is a Bﬁgqa_lglggﬁﬁ\% W?fﬁaiélrg;iarlr-]t%r,ht El?am'%lerGSwiﬂ) %the%gaq e%gr i lb%:#r? tﬁl;%g]at Ixrlgilg he

i ncorporation 0O gy conversion devic 4nd
22; widd-6andgp semicandwldrantsahe femfoadingarnblidstate lefiergy dorivegivh@eviad bfiige a
di ode_connected in series with the energy conversion devi ce; FIG 25

is a Bl oPESUYYFEMf the process of making the energy conversion device of

the present i RU®RNL SenlakEddliSometife vibw bSthe 8hiRfatt BEFIERQUENnce of forming the
energy conversion device of_ the present invention; FIG 27 is a magnified
view of a phofB¥drt i & sEARBrilystabing ardifesh trensifion beyeem the valgncerpand ang the g

magni f i edoydueitbrtandof 4 SMicRBhddt Ng energy conversion device of FIG 22;
FIG 29 is a magnified view of a light emtting energy conversion device of

FI G 24; 20FI 8G 3B i |a| graply dlugimting ponnditsat @insision dppveemthesvalace bandvandt theag an
i nsulgti Qﬁn&%ﬁﬂaﬁ&&i%ﬁﬁcoﬁiﬁﬁ@&“emS of the energy conversion device
at

t hrough the use o ermal enérgy beamin the presence of a doping gas;
FIG 31 ill usFKaB€ss argraphtiBustratiiez p dedpi lovel abinsitivnaepeseatthis vilaice bamd/ardt theg an
i nsul ati nﬁ dsubstbra efi nt 0 Cﬁrrcgo_nents of the energy conversion device

t hr ough CREVGAR BPC 81 4 FEVGREF'SHer gy 25 beamin the presence of a doping

gas; FI €1G.3 iid 4 wigt sedtiofal viGPOE hffiret exumpeloF a0dolitl ReatL BREGYconOEYiBH Si ON
devi ce of, the_present inventign forned in an 1nsulating glass substrate;
FIG 33 idPYigistorapd arcerdanderyith the Arpiert igyeniinR Qe RRVYY cligaras beht gavities of
the pees@glicd;nvention fornmed in an al um num oxi de substrate; 30FIG 34

illustrates the photovoltaic energy device of the present invention coupled
to a wave gui HE3. 4B is a side sectional view of a second example of a solid state energy conversion

device formed in accordance with the present invention to provide a solid state light emitting
device;

FIG. 4C is a side sectional view of a third example of a solid state energy conversion

20  device formed in accordance with the present invention to provide a solid state light emitting
device;

FIG. 5A is a side sectional view of a fourth example of a solid state energy conversion
device formed in accordance with the present invention to provide a solid state photovoltaic
device;

25 FIG. 5B is a side sectional view of a fifth example of a solid state energy conversion
device formed in accordance with the present invention to provide a solid state photovoltaic
device;

FIG. 5C is a side sectional view of a sixth example of a solid state energy conversion
device formed in accordance with the present invention to provide a solid state photovoltaic

30  device;

FIG. 6 is a graph of conventional dopant diffusivity in SiC as a function of reciprocal
temperature for conventional processing;

FIG. 7 is a graph of concentration of the dopants Cr, N and Al as a function of depth
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FIG 35 illustrates the light emtting energy device of the present
invention coupled to a wave guide; SUBSTITUTE SHEET (RULE 261) 14 WO
2010/ 065090RCIV0eSRO09/ 006329 FIG 36 illustrates @&oTAserogpogsenver si on
device of the present invention in the formof a conbined photovoltaic
device and a solar liquid heater; FIG 37 is a nmagnified view of a portion

of FIG 36thifd 6H-S¥CsiliSorfdarttdt vieBshdgfdubsagd view along line 38-38 in FIG
37; BFIG 39 illustrates an energy conversion device of the present

invention in F& § Brag@ph af exnepntitien phieclpintals Niend & aaadurctionlofdepteat er
for treaty;pgh YHIREG sifh - F ' tes the apparatus of FIG 39
with the vlal ves %ocsis]t %nca{bééc@%ﬁ%gkg #E%at{a\%ét er. Simlar reference
characters reF&s. Yoissd sil¢ sactipmal vewt ¢fr ofighexamplenef swhide Hght Bbliflistats eofittihgne

draw ngs., 1 TAl LED DI SSI FIG 1..s.a side yiew of an

appar gt usde’ggef %rgn?a%elra m r?g '§ 81%("3 psipae beyn(g’lpﬁ‘ﬁ v?h‘r?\%?‘&?ﬂﬁ“%%‘?f?’@ﬁmﬁo on a

wi de- bandgap 85 IBOBRdUEAS oflighs inteatiey &0 fulttnwif dervElamdiy & theslia QreIgher
substrate 15 Zg LS ?E%@ |l ocated in an air-tight chamber 30. The chanber 30
has an i fFEPPGETWRE o iRation 31 and outlet valve 32 connected to the

si dewal | of t Ipg.ClvAMR & si®Oset@nal Vibw ©ff laNBcoAd xABHIR b B GvIHR H3At 4ol Qadshhput  Of
t he chanber 30, respectivel X}é The chamber 30 includes an airtight

transni sSTHNRAGTERSALTisated pRAE R PAGubsiraigiby deriag with nirogeppdrchromivmer 36
formgg an ai kic.alB i §@kaph 3 TigiikiBnsitg 35h Rnctiod S V@'cﬂ/efegétﬁrf&qge LoHATRd fidhy V1 €W
of the solid state energy conversion device 10 forned in situ withimthe
wi de- bandgapngdeviccofifl{st18A; substrate 20 shown in FIG 1. The w debandgap
sem conduct or trate..20 ' afirst and .a second side . and
a peri pheral ggygte)ﬁf‘sg aﬁlg%%egg%dapﬁéwvﬁff e{}lggr%‘écf"ple s"zr%“é’a%‘ 1T et%ospﬁéaﬁ{é?l}gife 20
i s shown easttiag deyirarfshricatad o4 S (p-type)anbsirate by doping with shiosduny t he physi cal

configuration e wide:b ap sem conduct or_ 25substrate 20 as shown
her ei n. F%tf'elhgr‘éﬂﬁﬁphtoﬁgg&j‘ EISE AYY ngfcwaﬁe&%rfmz‘be Sglteolé?r%ﬂgap

greatier teftingdéviRlofBiG.amayolts. Ti one exanple, the w de-bandgap

sem conductor 20 is selected fromthe group IV of the periodic table and
having a band§¥p gfelirierids seationa! piew| @ fourh gxampde of  seeendiglt sofid state light
exanpl e QRitEh?dévﬁBé?&ﬁricQt@d ot 68: S @ﬁfy?é)@g&?rgte%? AbSASAHE LRbmAf] S essential ly
a single crystal structure. 30 In sti'll a nofe specific exanple of the

i nvention, thE&Gild@B-ipageghef behtiletensiiyes afungomefywdyelength iferghesalid\statedlight
conpound. o t he single crystal conpound selected are fromthe
group 1|1 Ie,mTlL 1‘%@5%3%&7(3%%6 the group V of the periodic table and having
bandgap gr eat EIG.tIBAnNs 2side sdctaral viawwb h fisth eRmagfleodey liglurseliditatatiplit eafittihge

gg;rg)ou nd d@\?ige S fﬁ%&?t%& orﬁi—[:tgie %—%é)r]sgxbs%lat%%r&%piag %Pth c lgr%llexll;TUTE SHEET (RULE

b}

=D

FIG. 13B is a graph of light intensity as a function of wavelength for the solid state light
emitting device of FIG. 13A;
FIG. 14A is a side sectional view of a sixth example of a blue light solid state light
25  emitting device fabricated on 6H:SiC (n-type) substrate by doping with aluminum;
FIG. 14B is a graph of light intensity as a function of wavelength for the solid state light
emitting device of FIG. 14A;
FIG. 15A is a side sectional view of a seventh example of a blue-green solid state light
emitting device fabricated on 6H:SiC (n-type) substrate by doping with boron;
30 FIG. 15B is a graph of light intensity as a function of wavelength for the solid state light
emitting device of FIG. 15A,;
FIG. 16 is a graph of operational temperature as a function of band gap for various solid

state devices;
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15 WO 2010/ 065099PCT/ US2009/ 006329 t he ot her el enent of the conpound.

Speci fic exanpl es of the w de-bandgap §gm conductor conpound are selected
from t he woaow/wsmsi sting of Aluminum Nitride, Silicon @arhisdes/ oBseon
Nitride, Gallium N tride, dianond, dianond |ike carbon (DLC) and Gallium
Phosphi de. A thermal energy beam 40 is shown emanating froma source 42 and
passi ng thr oughst s 3 sie'sbdrdhl vidwABSIHotia sAR phoRIaNiMevic? fsRhEESn BR:SiBe
first surface 21 of St ksle ys\nEé%-{)an gap semsconﬁghctor ls‘?}%’st rate 20.nl n %ne
exanpl e, (nitgpe) vbstratd byedopingywihedumis@miagd ehrpmaam;of charged particles such as
a beamof ele ons: Qr .a beam.of Lons. .ln [ . ex l e, . the thernal
ener gy beam 43&(?'3&;15 %’éé%moeﬁ% evg“étotgﬁﬁlédﬁ% ?ugl@{r?ﬁéeg? A qgcﬁ?arggl%%doé”ss RS e peam
Exanpl es thd emargybineblien deoide ofthe prebdieinvasion, beam i ncl ude a Nd: YAG | aser, a

frequency dou m Nd: YAG ] aser,. 10 freque tri 3zu Nd: YAG
freguéncz qua%h(g'pll%é%lmh‘?"&g eqaal vigyplo thﬁzl%é)?dl‘hg(#'elgéser. The

thermal ener g¥IGeAM 4lerldgSiCREvRE Vidw 4168 Mo POIDI iR FRG.a8) 0SS the first
surface 21 of the w deban,vaa_p sem conduct or substrate 20 to formthe solid
state energy &¥mdrss Braeiicd vew pba perHon ofillGel®anpl e, the first surface 11 of

the solid statg;engt JhasARYEViSk BPa fsubeSr FIB. 26 coincident with the first
surface 21 of the w deband gap sem conductor substrate 20 with the

remai nder of FHENS isalmagnifiedivieve sigrilgytocidPe? s prsh2Zjidlutoating thel inedrpatitivg afhe
seconq s%ohg&qh%e%ggoﬁ‘}ggi&e&big le?kG%%ﬁfaﬁ&EZ;l?’ bei ng enbedded within the

wi deband gap sem cC uctor substrate The thermal energy beam 40

i npi nges on t FGviddie-abalielgatp embodimentchl F1G.r 2 Isinbeporating 2diodeoconneaddan tsériessol i d
state ener%thconversi on .device 10 within the w de-bandgap sem conduct or
subst r at €20 P PHPEVERENTYES t he solid state energy conversion device 10

is located onH®ES ik ablock Aagsdntl 6f Bd piceds D€ makiAg tHAMEGR RoSRIFI GIOMAHEE bOThe
substrate 20. The solid state energy conversion device 10 is shown as a

portion OTeSEHANGIURL bandgap seni conductor substrate 20 formed by causing
rel atjizve noverpsldfLWRRR tt'lé"ﬁ'eq%&@'o??&g&?othé CHIEPESINELRA RVRS bF Ak Predbhand

the thermal energy beam 40. The w de-bandgap sem conductor substrate 20 may
be fornmedngaten;nonolith or a thin film 25 substrate having suitable

properties fornépnggm Red ) Jv%f§pgét§v8w§r§géef$f%9¥&5igh a&i&govfﬁ@ 0 in the

wi de- bandgap sem conductor substra opi Nng can be conducted on
opposi ng sur f &@s280% a magnilied view ef a lightemjttibhenerdyicbmyerdidn device bfiFkiep2si t ed on

flexibl . i.n diff t i t h
Tabl o 1 set s dia i e Pagnfed ey BF EBbnpRRiE Setl shae B shitE e
substaoat e 20 FG! DilRsEMsod portieRbf BY appgacatssofol dorBkAing aANAuUding GUbSGHE MO

device 10 of the present inventjon, TABLE 1 SUBST| TUTE SHEET ( RULE 261)
16 WO zommem%%é#? ERSBO TSP Slepre Jupughdhe ¥t ¢ Bmal sperey heam 1 Be Sj C

Ener gy CopuehcioPh dbiing g&; Fabrication
FIG. 31 illustrates an alternate portion of an apparatus for converting an insulating
substrate into components of the energy conversion device through the use of a thermal energy
25  beam in the presence of a doping gas;
FIG. 32 illustrates a specific example of the energy conversion device of the present
invention formed in an insulating glass substrate;
FIG. 33 illustrates a specific example of the energy conversion device of the present
invention formed in an aluminum oxide substrate;
30 FIG. 34 illustrates the photovoltaic energy device of the present invention coupled to a
wave guide;
FIG. 35 illustrates the light emitting energy device of the present invention coupled to a

wave guide;
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Parent Substrate Typical Resistivity (ohmcm Principle Dopant Typi cal
principle dopant concentration (/cc) Neyes: 6H SiC n- type 0.05 Nitrogen
1016 a) acwepvmwossovpurities may be present b)defects canPbhehmi@mss3accept ors
6H Si C p- type 0.1-0.2 Alum num 1017 - 1020 a)Nitrogen (donor) inpurities
may be present. Db) defects can behave as donors 6H Si C sem - insul ating

106 - 10" Vanagh WH ifidQrhtks an energy conversion device of the present invention in the form of a
combined photovoltaic device and a solar liquid heater;
FIG. 37 is a magnified view of a portion of FIG. 36;
FIG. 38 is an enlarged sectional view along line 38-38 in FIG. 37;
5 FIG. 39 illustrates an energy conversion device of the present invention in the form of a
combined photovoltaic device and a solar heater for treating water; and
FIG. 40 illustrates the apparatus of FIG. 39 with the valves position to circulate the water.
Similar reference characters refer to similar parts throughout the several Figures of the
drawings.
10
DETAILED DISCUSSION

FIG. 1 is a side view of an apparatus 5 for forming a solid state energy conversion device
10 on a wide-bandgap semiconductor substrate 20. The wide-bandgap semiconductor substrate

15 20 is shown located in an air-tight chamber 30. The chamber 30 has an inlet valve combination
31 and outlet valve 32 connected to the sidewall of the chamber 30 for injecting and removing
gases into and out of the chamber 30, respectively. The chamber 30 includes an airtight
transmission window 34. The chamber 30 is disposed on a support member 36 forming an
airtight seal therewith.

20 FIG. 2 is an enlarged isometric view of the solid state energy conversion device 10
formed in situ within the wide-bandgap semiconductor substrate 20 shown in FIG. 1. The wide-
bandgap semiconductor substrate 20 defines a first and a second side 21 and 22 and a peripheral
edge 23. Although the wide-bandgap semiconductor substrate 20 is shown as a square, the
present invention is not limited by the physical configuration of the wide-bandgap semiconductor

25  substrate 20 as shown herein.

Preferably, the wide-bandgap semiconductor 20 has a bandgap greater than 2.0 electron
volts. In one example, the wide-bandgap semiconductor 20 is selected from the group IV of the
periodic table and having a bandgap greater than 2.0 electron volts. In a more specific example of
the invention, the wide-bandgap semiconductor 20 is essentially a single crystal structure.

30 In still a more specific example of the invention, the wide-bandgap semiconductor 20 may
be a single crystal compound. The elements of the single crystal compound selected are from the
group III, the group IV and the group V of the periodic table and having bandgap greater than 2.0

electron volts. Preferably, one element of the compound has a higher melting point element than
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a) Vanadi um can behave as a donor or acceptor. b)Vanadi um can conplex with
defects creating |local strains, which ggeate I ocal dipoles which behave as
el ectron wearwicarsswy c) Nitrogen can be on the order of POTAISc@9Abs3d C n-
type 0.044 Nitrogen 1016 a)acceptor inpurities may be present b)defects can
behave as acceptors 4H Si C p- type 0.1-0.2 A umnum 1017 - 102 a)Ni trogen

(donorc) | P Yt lel%ﬁemf ﬁag cBHﬁéﬁﬂt SpeificPRambled & 6 VideAAnBRP AR RAAUMRROT S

4H Si C sem - 1nsulating 1 anadi um <1014 a) Vanadi um can behave as a
donor or caowewtdmare sdiéct@irmm the gaup eosipingofwluningef Nitide, Silisan CagideoBerton

strains, Wik fhs 8fx§r§§\ﬁmd§,f@é?o%glf°8%ﬁé@’@ég%ﬁmgﬁﬁi@) A3 GRIRG PR T ers.  ¢)

Nltrogen can be on
A thermal energy beam 40 is shown emanating from a source 42 and passing through the

5  airtight transmission window 34 to impinge on the first surface 21 of the wide-bandgap
semiconductor substrate 20. In one example, the thermal energy beam 40 is a beam of charged
particles such as a beam of electrons or a beam of ions. In another example, the thermal energy
beam 40 is a beam of electromagnetic radiation such as a laser beam. Examples of a suitable
source of the laser beam include a Nd:YAG laser, a frequency double 2w Nd:YAG laser,

10 frequency tripled 3w Nd:YAG, frequency quadrupled 4w Nd:YAG , CO; or an Excimer laser.

The thermal energy beam 40 is scanned in two dimensions across the first surface 21 of
the wideband gap semiconductor substrate 20 to form the solid state energy conversion device 10.
In this example, the first surface 11 of the solid state energy conversion device 10 is coincident
with the first surface 21 of the wideband gap semiconductor substrate 20 with the remainder of

15 the solid state energy conversion device 10 including the second surface 12 and the peripheral
surface 13 being embedded within the wideband gap semiconductor substrate 20.

The thermal energy beam 40 impinges on the wide-bandgap semiconductor substrate 20
to create the solid state energy conversion device 10 within the wide-bandgap semiconductor
substrate 20. In this example, the solid state energy conversion device 10 is located on the first

20 side 21 of the wide-bandgap semiconductor substrate 20. The solid state energy conversion
device 10 is shown as a portion of the wide-bandgap semiconductor substrate 20 formed by
causing relative movement between the wide-bandgap semiconductor substrate 20 and the
thermal energy beam 40.

The wide-bandgap semiconductor substrate 20 may be formed as a monolith or a thin film

25  substrate having suitable properties for forming the solid state energy conversion device 10 in the
wide-bandgap semiconductor substrate 20. Laser doping can be conducted on opposing surfaces
of a substrate, wafer, thin film, thin film deposited on a flexible substrate or in different regions
on the same surface.

Table 1 sets the initial properties of a wide-bandgap semiconductor substrate 20 suitable

30 for creating the solid state energy conversion device 10 of the present invention.

TABLE 1
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15 type (nitrogen-doped) 4H Si C sanple. This sanple was prepared using the
sanme | aser doping paranmeters as used fqr | aser doping O into the p-type
4H Si C wavenoi1oftesooblal | measurement identified the C -dopetd/usegoon3as p-type
with a carrier concentration of 1.942x1019 cm 3 which is alnbst tw ce the
aver age dopant concentration (-1019 cm 3). The average dopant concentrati on
i s based on t hgseRNg dhleveORighd ApaPEMtEREEAPHad 53} aVer#BhA idCim

4H-SiCwith a 20 concentration of 2x1019 cm 3 at the wafer surface and
1017 cm 3dapinga Wispeen depapbeonstratipn ds tareased ome ite recordsss of wagitivnde adilept or
and al so t t.t e pant
atons w t @ﬂftnﬁl?lhgo {le%ds ‘{I&aéﬁ;a}‘ﬁaé’gg &H %ﬁgl %Ogﬁggdafku%far%@m&e quﬁ'H:e&Cgc?\}gﬁsel Y,
Si C can bmlpttknpxedn mttlmtfoefmng Btticgtdefestst haser Abping dqshst @ndmmoéwomheuxsm hol e
concent raf { (r)on T qgﬁser (90 1 e%atglgethe?hcxrllat aItOCIgS Itf ng a(i) d £ -rrOdl{ge

| ess stral i and %8‘8% B ISHRANEY oF e RaHOTH TREPERLD D MefGRiEp™
concent r aprecisdr, thatAlave a valen& giehtar thyn draupdsitive lvalehécoftomONOhS parait dubsttas er
doped intg SiC. Euro m havi ng a..+2 val enc derived froma Euro u

Tet r amet hyese gnsonﬁerm%aﬂea?p&ﬂtét nBP@@uF’g{ﬂPpwgﬂssr PEle GHTh GERBLNE, JAC |©

heati ng afadlaa@swtefsflmaﬂedtamb‘ih&gaﬁyéaﬁwﬂhaoﬂas' ng the process descri bed for
Cr | aser dopi rhgﬂ’ Sel enium derived froma diethyl sel eni um precursor al so
behaves as a rh9r ityns|deping.che Bowlsitas placed in nitppgemptapgnhersat prsgsaraed 38 peand a
band ff dgep4b \ﬂ%gﬁﬁs&b&é f&rﬂé& o thd QinpRERENE @smeaﬂg AL Fodnb& Wi P&e&%% as
an energy ban hrough whi ch charge cgrrler transport occurs. ese deep.

| evel st ametsr-mtral}@i mslampnm rT}@rheilgbwfrth@amber ovfas pMOde melalally thamlgh tm on
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FI' G 3A i phosphided((®aP), hittogérr &ts a3gn dsockl¢caatic Hefastsithéraimniet-wpe doahe Fuep-gpe e

band and the c tio nd of In.the direct .transition,
essenti al 15(?“’5 %R'géhg q’é@?‘“ﬂ@‘ﬁn’t &é’fﬁg:l)e% éﬁ’iﬁém‘gfﬁ‘&?)l‘c TR 3L PPIR WARd i s
convers edusedtTMARE BBfed @kl YabbRBsdufce dmBeABdini d Walsd Yadl mhigtafied 'aﬂ‘ﬂ)°C%¥11 it
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bet ween t gV & GRC sB28GhiR Chdnkler. CORALAY |G RBRtkn SopMBY Bid ot ons
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transitio h n_band
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e condulit Bre meRa)FiF e PRelEs s AIAEA G i U ber A Y TG B0 By o

speci f i cadubytratd. aser dOpI ng can convert indirect bandgap sem conductors to
direct 15 bandgap sem conductors by intentionally inducing strain to alter
el ectron nomehtgre detatled disoygsipy é?llo(%tonb@ﬁ dpaprapetideping thotoms ghay have a
conduct i ogaRahed vRIgide ARt AR mERaRI Rke dR&rQ UhrBthiuBP (R WAL §ds=Ov B L:?ftt\b@ top
of the val ence band does occur at . Therefore ehergy rel ease(f uring
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rel eased durin n t 0- ba electro nbi nati pn h a hole.is

convert edseﬁﬁoﬁ'@'} E«io ?XS‘"‘BE’(% 6snmrg§’dlp %81 ﬁa? &é?n%?%‘g({pﬁ?}mnd P (o-

exhi bi ti ngpadapaﬁ@ hengtgfo@etne b vaespbmvteis»e T&Belraﬂsytl@ﬂtﬂetaﬁcghas@@éﬁdoﬂeﬂl fhto GaN,
no extra nonen olﬂ(r)q?ps requi red. Direct bandgap sem.conductors are sonetinmes

ref er3®d ti 3du § &gl fo}lo‘a&bﬁsw@nveaﬂwi ARRrPasht Additignally £5japty a5 3njapeeptor ve .
Laser dopiBginges ﬁolEJ‘ﬁer oM (ahﬁtﬁﬁ-ﬁo%%&&?ﬁ% Ql"gﬁ‘é?‘@%&é’éﬂﬁhtkh@ githiBNRGEase

val ence atom of the conprising the parent W de bandgap sem conductor can

t r ansf or nhe h@elSPI(I’QPh]@t"PFEQ,StCOV\ﬁIH@d b d@@é@eb@m@mﬁd@@pmpv @IOTSQ BLAE specbandgap
sem condugt o h hest .val ence
atom corrp§t|t sﬁ%g@ﬁ?%g Ny&a?er%ﬁ%ﬁht%q%gr &pgaer‘??%gn 3‘{;“[‘%? ﬁgv?éem PEPFTEE R s
dopi ng i nduces strain which alters the nonment um st at e of the el ectrons and
facilitates the 30 transfer of el ectron-hole reconbination between the
conduction and val ence bands with no additional nonmentum U.S. Patent
7049641 issued to Pan discl oses that phonons are not required for deep

| evel transitions to the conduction band, to the val ence band or deep |evel
to deep | evel energy levels. SUBSTI TUTE SHEET ( RULE 261)
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20 WO 2010/ 065099PCT/ US2009/ 006329 Conversely a solid state
photovoltaic device with p and n regi oRg can produce electric current when
i ght or wbeeotwmwsmgneti c radiation is irradi ated on thePswltsdomadses

phot ovol tai ¢ devi ce. The | aser doping technol ogy of the present

i nvention can be used to create energy conversion devices in many

sem conduGh ey quekd ACEpbSRoRY Ghied h HLRGRRm-ddpRA SHIO (R oypBw AL NG hick Sbfirhs ON
conponents in nonolithic or thin filmgeonetries. FIG 4Ais a side
sect i onal theti iypmgpmgis f jprigpe dopantp| BedILES teehmiqueds apewerfid tep} ferodptesminingrthelevi ce
10A forneg.l i i i: L: |

statc || opioopRpEREagEs didclpleh eI RGN shO el QLD Rpdliaks
and a secbhTS gateonatines gumtia? speamascepypeth hmimatioreigedd@Ble. pulse lappreachdap bel
regi on. 51A i s .for. on the first side 21A of.the substrate 10 20A. A first
and a%secl@ﬁ%%&?ﬁng'etg%ﬂ‘f‘%‘fy%ﬂfr aﬁ'i‘}l%aﬁf%co"e"&%?%c@ﬁ By connected to the
first and secomd t&dhéligue is’bassdtlor? e tahsiél @amioitaite aiadge Bocidtb® wath | thedtheinad e
light emtting dgvigce 10A produces el ectro netic radiation when an

el ectric THFFRNP! (CBAEHHTPEATHB Wdah IpYre 17 ihemahphiliepigh aftehan At toset s
61N and 6¥idsutShdiabeth MY shdre-c %é RE¥n OFA- SchbtBdySatit Yor atéb@ junkfic digded
second el ectrodes 61A and 62A are formed by the thermal 15 conversion of

t he wi de- Bagrrolpaity ofcthe PhAS werkodersudson thg @pamance thange aRerdrapping thefminprty or
portions Qi A pslgap ] te 2 i e

P st and onana R e T BOA0P, TARARS CRG! Pl BISREL A sl DA RAARLC

5, 145, 741majuite, capaer drap Bel89 2, Bgative DETS PatkeriD. . 168g,08%¢ capaSitanba transient

o, 271, 576 RRae AREHony o 2R 3P Dotent G b Sudktions o avt Py BT, o

a second ¥Masp22 of a solid state energy conversion device formed in

accordance wth the prese i nventjon.to oyide a solid state |igh

G tting devi e FOBYY TS Phrs Wax Sofrasd bERL det mepuiopmaues FHdel and a
secongs si gge @iltReendoptdP4BINIC 3ample] IMG! ApRAGE pepred LRER!thdloReIate Abping 51B
and 52B are fornmed on the first side 21B of the substrate 20A. A first and
a second RFFALCrE8hid 06 Beeradoning Ay intacthe [petype HRRIG ywakksn e Hall megsurgreenp

| aser dopgehired HRAS-RpE RPN _fazﬁtypmﬁthsa%hﬁr S4rbRralib@bf 1,641 6 A d@ydnGe 108
produces el ectromagnetic radiation when an electric current is injected

bet ween t Hwostitwise thergeragecdonant Comrentration (-el§1 16 BThaveeBdemnt codcantratinh iby t he
battery 7 Cyl.s i I, ORAl Vi i le of a
solid sta eeder?grtafl é(fetlgﬁ\l/dgé'slldgn g?/i%%@%%h%ﬁﬁﬁ%(@%%@@%@% t}ﬁsﬁ%rgsent

i nvend oncancengation af@x0' omi’ dt e atager lsingidet andri @'{ tmJ aBOdeptly bLFOOIHEC. Thimdathi s

per i pher o E e 2o RUE Brd o P gRiE ot Bl Bpinksr-Bnabr sl i or <
on the fiddgphntstofd withouthe hde@ ofatysidditibeal 2khBaling sfepr st and a second Chnic

contact 61A and 62A _are electrically connected to the first and second side
21C and 22C ofCaKEsey; ¢ can be dorsd witpfewsy ©Hatemy than) Alatemsig achieny theismny| TUTE

SHEET (RUdie éSibentratidn. V\Eew& 1/ Q@%Q%?Fﬁ@@i@ﬁ@tﬁ@ﬂs%ﬁ&@e% fepb&ke 306 shLipdHgeS

el ectromagnetic radiation when an el ectric current is injected between the
fi r st2%nddeestsan theamagrial bamindle easeafdighsticopoatraons pfiAbat ed by the battery

71C. Fl %mﬁﬁllj %@ﬁ-gfegfonscﬁ%{)iso& lbeVlLs%}NdQ egainJooﬁH hﬁ%ﬁlmﬁl ﬁav&f a+f0| id
state energy convers$ion device forned I n accordance with the pres nt
i nvent i onvalancgdenvederam g Buiogiuet Aeteanphigt, ysohdpmneadidmatbepreanesoil @4por Hevotnboses

exanpl e, the ,substr.ate 20D,.has .a fidst and a second side, 21 d D and a
per i pher afPRdEE" BEHne A“‘féss%‘?ﬁ%?&}%ta %’égﬁugsﬁmtfl‘ﬁ‘qgstg? SFIES dgﬁcrgﬁ‘g??ricrzrglfseéi de
21D of t héopingbsSelaitien Aefived Ardm fasdiethylstlchihe preoakséeilioCbehavidsagta MllR-Adttod2D

are el ect&i cally connected to the first and second side 21D and 22D of the
substi%t e998D. The solid state photovol taic device 10D produces an el ectric

current bet weerelphFerfod ddpant FeabLnd of M) fovEIQH:R @lat dO Ak bR e AL R iRRive
receiving 10 el ectromagnetic radiation as indicated by the ameter 72D.
traps but as an energy band through which charge carrier transport occurs. These deep level states

behave as an upper or lower state of the optical transition and essentially can convert indirect
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FIG 5B is a side sectional view of a fifth exanple of a solid state energy
conversion device fornmed in accordance W th the present invention to

provi de awveabiobesivat e phot ovol tai c device 10E. In this examgsk@y/ovdses
substrate 20E has a first and a second side 21E and 22E and a peri pheral
edge 23E. Laser doped regions 51E and 52E are formed in the first and
second siggﬁg% apateralsah diret Barfdbag MesiPst rate 20E. A first and a second

Ohm c contact 61E and 62E are electrically connected to the first and

second si de 2HGaA8 B 2Egwph tillustratingsa digect trowtionT hetwees) thy valeage bpidoanshvibE t ai ¢
devi ce 10 SERSL SEhfichbihdior” th bR UircANEAEh, LAEnddil S Al BEGRAEN C
contacts an on receiving electronagnétic radiatioft’ as i ndi cated
by t he anvalénee bapdEnd ﬂib@mcﬁﬁlqndaaad sicdevegtedintophatonyi ew of a sixth exarrpl e of

a solid state e conv n.20 de IC forrre or danc
pr esen? i nventlﬁg 51% AEGY) dgus A gnyn fr%ct gmﬂﬂ%otn ?egctﬁ H%?ﬂcﬁzm'\ﬁ) ﬁ this
exanpl e, ¢dnducsioh barndadfea Sficdndscter. fnrthd indinebt EaissttivanessaitidRy 2 phrt anme%&ggnd a
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n the T pesteed b vapanes B 1 BEuthehen Hot s senritied g RIoGhS B B TR
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produces an elfd8t ¢ & 2Pk Hlustrtingadsen lexel trapsionheveca the Malensgiband andt the t s
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readllyfglllt stheforrratlo r}g’g(ta*r&r concentration, radjeie{r al ong
the depth pe prergy gap; etgh ntH et TR G RIBYLYE 13 Fequl @"%ﬂtong
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facilitates the effective el ectron-hole reconbination within the depletion
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Secondary I on Spectroscopy system (SIM5) was used to determne the
dopant coh’@égﬂprsamlcg ugted irite & dv%qt pandgamseaticondpctdyedopends With arvalehes Jroregnehten

regi ons o 1019 cm 3

o i ot ananiteifed SR i UG BaRA R, GoBl BRGNS B )
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e 38 s Fartlst 96 RUSrEtle afforbiieth® BFSeRt yopaniiuos ind yalkage Wpris ol no
function efditidagt homedtiinn 8.9 Pateht G089641 Geiled &5 [Pasl R1iddiodd ihatn n$ BRSAdtat e
20. In case of a 611-Si C si|jcon carbide. 20 wi de bandgap substrate 20, a
very hi ghreayrddpg despileys! BansKigns o s sepsugtignbapgd, o theavalgnsg bangy OWee%lleV?lH@
surface d@&f,gaglleﬂggg[eaggally to I x1018 cm3 to a depth of 700 nm while a
concentration of 1x10'9 cm 3 was neasured for Cr at the surface decreasing
gradually to the background concentration of 1 x1017 cm3 at a depth of 420
rim The penetration depth of A is nmuch larger than that of Cr due to the
size effect of these elenments. Alum numis nmuch smaller than Cr and 25
slightly smaller than Si and it can penetrate Si C easily and occupy the
avai l able Si vacancies. For C occupancy of Si vacancies the penetration is
acconpani ed by lattice strain. Additionally, the solid solubility limts in
S|Cfor Al (2x1021 cm3) is much higher than & (3x1017 cm3) G L. Harris,
" Pr opert| es of silicon S&BEB%TIT&JTEISEEEEEE{B&&E}@B% catl on, em s dat a reV| ew
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FIG 8 is a graph of concentration of the dopants C, N and Al as a
function of depth within a 4HSi C siliggn carbide wi de bandgap substrate
20. I n case 20fo/msedbt- Si C silicon carbi de SUBSTI TUTE SHEEPCTRISRaa9DGEBR9 23 WO
2010/ 065099PCT/ US2009/ 006329 wi de bandgap substrate 20, a very high
concentration of approximtely |x1021 cm 3 was obtained for N at the
surface decr easdnigrs %@Hﬁd thtet of¥ ke’ d&ABe 3vitiPp @ndjﬁ%éiorﬁfcag p'i_’odﬁcéTbleé‘i!m' e a
concentration of 1. was obtai ned for he surface

decr easi ngprgntaehen IhBl;}t or Gle?tr@ldga@wgﬂd)m igigadiated prathie é?ild(ﬂatqpbolmgale fieviceat a

depth of 80 n r I: . r t of
Cr, which resu tslgfer gﬁpﬁgetg%%lglnpd tz;%l B%S%ff‘%g?%%g;ﬁ gge?ma erer?ln"far ogen
at om can pmnebipmtdeviSisCGnemsny yeralnohdtuctou piyudiires snchi dsadibdes CtransisBirs wad atier es.
Al so, the S‘%ﬁld SO|UthSlIt% bh S&rﬁ @iSCf%? N (6x102 cm 3) is nuch higher
t han (9561 SoRpngyts ingpenolithip orthip TG £20mAWeS: i on | evel's and their
penetration degfiGhgAdan sliﬁe setiiodnledew afial ﬁ/rstngaﬁiplél dfyd solid tshwee el@pdyn@nversion

par amet er [ vi des this advanta npat i.bl e
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Li ght Em gdvideg iPenis efample, thd-sdbstrHA204 has 8RR H@Glsevnalsidéi AW &id mt hidS4
exanple of a light emtting device 10G fabricated on 6H.SIC (n-ty éat
20G

subst r at epezm@re}fda%%gwﬁ deped fegiems lthis fermredipnitha firsdder 2] A pftbe Flehs -
defings axjA. fﬁtﬁr&'aﬂh AsRGFPOER Hftad kEAang 622 %eaéﬂéétrﬁalﬁﬁ‘éohﬂé&?erd% #R468 AP A

first and a second Chm c contact 61G and 62G are electrically connected to
the firstsesond siécdh apid 8A2afGharribskia® At Hbe solid statgtlighp @itting devicka)le 2

106 of i ot CPRARRETHS adbudyne B LEH Sl o Wi AR FEP b

Table 2 is:ca}dsipi&ﬁib‘é@mao@ﬁamnéﬁmdsﬁﬂlchhabyﬂnmswwmlﬁot her parameters may be
TABLE 2 Sanpl dHeBrbbY B bR HeSE e Al At O Eh Y A OB

15 conversion of the wide-bandgap semiconductor substrate 20A. The conversion of the portlons

of the wide-bandgap semiconductor substrate 20A to provide the first and second electrodes
61A and 62A is set forth in my U.S. Patent 5,145,741; U.S. Patent 5,391,841; U.S. Patent
5,793,042; U.S. Patent 5,837,607; U.S. Patent 6,025,609; U.S. Patent 6,054,375; U.S. Patent
6,271,576 and U.S. Patent 6,670,693.

20 FIG. 4B is a side sectional view of a second example of a solid state energy conversion
device formed in accordance with the present invention to provide a solid state light emitting
device 10B. In this example, the substrate 20B has a first and a second side 21B and 22B and a
peripheral edge 23B. Laser doped regions 51B and 52B are formed on the first side 21B of the
substrate 20A. A first and a second Ohmic contact 61B and 62B are electrically connected to the

25 laser doped regions 51B and 52B. The solid state light emitting device 10B produces
electromagnetic radiation when an electric current is injected between the first and second Ohmic
contacts 61B and 62B as indicated by the battery 71B.

FIG. 4C is a side sectional view of a third example of a solid state energy conversion
device formed in accordance with the present invention to provide a solid state light emitting

30 device 10C. In this example, the substrate 20C has a first and a second side 21C and 22C and a
peripheral edge 23C. Laser doped regions 51C and 52C are formed in layers on the first side 21C
of the substrate 20A. A first and a second Ohmic contact 61A and 62A are electrically connected
to the first and second side 21C and 22C of the substrate 20C. The solid state light emitting
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device 10C produces electromagnetic radiation when an electric current is injected between the
first and second Ohmic contacts 61C and 62C as indicated by the battery 71C.

FIG. 5A is a side sectional view of a fourth example of a solid state energy conversion
device formed in accordance with the present invention to provide a solid state photovoltaic

5  device 10D. In this example, the substrate 20D has a first and a second side 21D and 22D and a
peripheral edge 23D. A laser doped region 51D is formed on the first side 21D of the substrate
20D. A first and a second Ohmic contact 61D and 62D are electrically connected to the first and
second side 21D and 22D of the substrate 20D. The solid state photovoltaic device 10D produces
an electric current between the first and second Ohmic contacts 61D and 62D upon receiving

10 electromagnetic radiation as indicated by the ammeter 72D.

FIG. 5B is a side sectional view of a fifth example of a solid state energy conversion
device formed in accordance with the present invention to provide a solid state photovoltaic
device 10E. In this example, the substrate 20E has a first and a second side 21E and 22E and a
peripheral edge 23E. Laser doped regions S1E and S2E are formed in the first and second sides

15 21E and 22E of the substrate 20E. A first and a second Ohmic contact 61E and 62E are
electrically connected to the first and second side 21E and 22E of the substrate 20E. The solid
state photovoltaic device 10E produces an electric current between the first and second Ohmic
contacts 61E and 62E upon receiving electromagnetic radiation as indicated by the ammeter 72E.

FIG. 5C is a side sectional view of a sixth example of a solid state energy conversion

20  device formed in accordance with the present invention to provide a solid state photovoltaic
device 10F. In this example, the substrate 20F has a first and a second side 21F and 22F and a
peripheral edge 23F. Laser doped regions 51F and 52F are formed in layers on the first side 21F
of the substrate 20F. A first and a second Ohmic contact 61F and 62F are electrically connected
to the first and second side 21F and 22F of the substrate 20F. The solid state photovoltaic device

25  10F produces an electric current between the first and second Ohmic contacts 61F and 62F upon
receiving electromagnetic radiation as indicated by the ammeter 72F.

FIG. 6 i1s a graph of diffusivity of various conventional dopants into SiC using
conventional doping processes (e.g., thermal, ion implantation). Conventional doping processes
also limit the choice of dopants. For example, nitrogen diffusivity in silicon carbide SiC is

30 5x10™"? cm? /second at a temperature greater than 2500° C and aluminum diffusivity in silicon
carbide SiC is 3x10™* to 6x10'? cm? /second at a temperature greater than 1200° C using
conventional doping techniques. The process of laser doping of the present invention increases

nitrogen diffusivity in silicon carbide SiC between 2x10” and 9x10° cm’ /sec and increases
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aluminum diffusivity in silicon carbide SiC between 1x107° and 1x10® cm? /sec. The process of
laser doping of the present invention enables the use of new species of dopants including
chromium (Cr), europium (Eu) and selenium (Se) with wide bandgap substrates.

Laser doping, a non-equilibrium process, enables achievement of very high dopant
concentrations at the surface, which can exceed the solubility limit. Z. Tian, N. R. Quick and A.
Kar, Acta Materialia, 54, 4273, (2006) have shown that laser doping enhances the diffusion
coefficient of aluminum and nitrogen in SiC by about six orders of magnitude when compared to
conventional doping techniques. It readily facilitates the formation of dopant concentration
gradients along the depth of the wafer, i.e., the concentration decreases gradually along the depth.
A linearly graded junction can be obtained that further facilitates the effective electron-hole
recombination within the depletion region for light emitting applications, E. Fred Schubert,
“Light Emitting Diodes”, Cambridge University Press, (2003).

A PHI Adept 1010 Dynamic Secondary Ion Mass Spectroscopy system (SIMS) was used
to determine the dopant concentration and its variation along the depth for the p and n regions of
the device. An aluminum-doped SiC standard (1x10'® cm-3), Cr-implanted SiC standard (1x10%°
cm™), N-doped SiC standard (5x10'® cm™ ), as received 4H-SiC (p-type) and an as-received 6H-
SiC (n-type) (5 x 10" cm™) were also analyzed for reference and background concentrations

FIG. 7 is a graph of concentration of the dopants Cr, N and Al as a function of depth
within a 6H-SiC silicon carbide wide bandgap substrate 20. In case of a 6H-SiC silicon carbide

3 was measured for Al

wide bandgap substrate 20, a very high concentration of about 2x10%° cm’
at the surface decreasing gradually to 1x10"® cm> to a depth of 700 nm, while a concentration of
1x10" cm™ was measured for Cr at the surface decreasing gradually to the background
concentration of 1x10'” cm™ at a depth of 420 nm. The penetration depth of Al is much larger
than that of Cr due to the size effect of these elements. Aluminum is much smaller than Cr and
slightly smaller than Si and it can penetrate SiC easily and occupy the available Si vacancies.
For Cr occupancy of Si vacancies the penetration is accompanied by lattice strain.
Additionally, the solid solubility limits in SiC for Al (2x10*' cm™) is much higher than Cr
(3x10'7 em™) G. L. Harris, “Properties of silicon carbide”, IEE Inspec publication, emis data
review series 13, (1995).

The concentration of Cr at the surface is about two orders of magnitude higher than the
solid solubility limit, while for aluminum it is very close to the solubility limit.

FIG. 8 is a graph of concentration of the dopants Cr, N and Al as a function of depth
within a 4H-SiC silicon carbide wide bandgap substrate 20. In case of a 4H-SiC silicon carbide
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Sample Color Dopant  Power Pulse Focal Spot #of  Scanning Dopant
Contribution (W) repetition Length  size  passes speed medium
in LEDs rate (mm) (um) (mm/sec)
(KHz)
6H:SiC White, Cr 11.6 4 150 65 1 08 Bis (ethyl
Green benzene)-
n-type chromium,
argon 30 psi
White, Blue Al 11.5- 5 150 65 2 0.5 Trimethyl
12 aluminum,
Methane 30psi
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Col or Dopant [Rwvent [} ®ehriologg has shortcomings with matching color rendering index and color
temperature of sunlight. The color rendering index (CRI) (sometimes called Color Rendition
Index), is a measure of the ability of a light source to reproduce the colors of various objects
being lit by the source. It is a method devised by the International Commission on Illumination
15 (CIE). The human eye has receptors for short (S), middle (M), and long (L) wavelengths, also
known as blue, green, and red receptors. That means that one, in principle, needs three parameters
to describe a color sensation. A specific method for associating three numbers (or tristimulus
values) with each color is called a color space, of which the CIE XYZ color space is one of many
such spaces. However, the CIE XYZ color space is special, because it is based on direct
20  measurements of the human eye, and serves as the basis from which many other color spaces are
defined.

In the CIE XYZ color space, the tristimulus values are not the S, M, and L stimuli of the
human eye, but rather a set of tristimulus values called X, Y, and Z, which are also roughly red,
green and blue, respectively. Two light sources may be made up of different mixtures of various

25  colors, and yet have the same color (metamerism). If two light sources have the same apparent
color, then they will have the same tristimulus values, no matter what different mixtures of light
were used to produce them.

"Visible light" is commonly described by color temperature. A traditional incandescent
light source's color temperature is determined by comparing its hue with a theoretical, heated

30  black-body radiator. An incandescent light is very close to being a black-body radiator. However,
many other light sources, such as fluorescent lamps, do not emit radiation in the form of a black-
body curve, and are assigned what is known as a correlated color temperature (CCT), which is the

color temperature of a black body which most closely matches the lamp's perceived color.
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Because such an approximation is not required for incandescent light, the CCT for an
incandescent light is simply its unadjusted Kelvin value, derived from the comparison to a heated
black-body radiator. Bright midday sun is 5200 K and average daylight, and electronic flash, is
5500K.

5 The color rendering index of the white light emitting diode as per the 1931 CIE
chromaticity at 2 degree on 6H-SiC (n-type-N) wafer substrate laser doped with aluminum and
chromium has the following tristimulus values; X = 0.3362, Y = 0.3424 and Z = 0.3214 which
confirms white color space. These values render a color temperature of 5338 K which is very
close to the incandescent lamp (or black body) and lies between bright midday sun (5200 K) and

10 average daylight (5500 K)

FIG. 10A is a side sectional view of a first example of a light emitting device 10H
fabricated on 4H:SiC (p-type) substrate 20H by doping with a with nitrogen and chromium. The
substrate 20H defines a first and a second side 21H and 22H and a peripheral edge 23H. A first
and a second Ohmic contact 61H and 62H are electrically connected to the first and second side

15  21H and 22H of the substrate 20H.

Table 3 sets forth the parameters for the fabrication of the light emitting device 10H of
FIG. 10A. It should be appreciated by those skilled in the art that Table 3 is a specific example
and that numerous other parameters may be used to fabricate light emitting devices having

different characteristics.

20
TABLE 3
Sample Color Dopant  Power Pulse Focal Spot #of  Scanning Dopant
Contribution (W) repetition Length size passes speed medium
in LEDs rate (mm) (um) (mm/sec)
(KHz)
4H:SiC White N 12 5 150 80 3 0.8 Ultra high pure
nitrogen 30psi
p-type
White, Cr 12.5- 5 150 65 1 0.5 Bis (ethyl
Orange-Red 13 benzene)-
chromium,
argon 30 psi

FIG. 10B is a graph of light intensity as a function of wavelength for the light emitting
25  device 10H of FIG. 10A. The graph of FIG. 10B illustrates the distribution of light intensity as a
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function of frequency for the light emitting device 10H of FIG. 10A. The sum of the distribution
of light intensity of the light emitting device 10H results in a white light. White light emission is
created by laser doping with both nitrogen and chromium. A broad spectrum extending from 380
nm (band gap of 4H-SiC) to 850 nm is observed. Green and blue wavelengths are observed due
to the occurrence of radiative recombination transitions between donor-acceptors pairs of N-Cr
and N-Al respectively, while prominent violet wavelength was observed due to nitrogen-valence
band level transitions. The red luminescence was mainly due to nitrogen exciton and other defect
levels. This red-green-blue (RGB) combination produces an observed broadband white light.
The color rendering index for this white light emitting diode as per the 1931 CIE chromaticity at
2 degree has the following tristimulus values; X = 0.3322, Y = 0.3320 and Z = 0.3358. The color
temperature is 5510 K which is very close to average daylight (5500 K)

FIG. 11A is a side sectional view of a first example of a light emitting device 10I
fabricated on 4H:SiC (p-type) substrate 201 by doping with chromium. The substrate 201 defines
a first and a second side 211 and 221 and a peripheral edge 231. A first and a second Ohmic
contact 611 and 621 are electrically connected to the first and second side 211 and 221 of the
substrate 201

Table 4 sets forth the parameters for the fabrication of the light emitting device 101 of
FIG. 11A. It should be appreciated by those skilled in the art that Table 4 is a specific example
and that numerous other parameters may be used to fabricate light emitting devices having

different characteristics.

TABLE 4
Sample Color Dopant  Power Pulse Focal Spot #of  Scanning Dopant
Contribution W) repetition Length size  passes speed medium
in LEDs rate (mm) (um) (mm/sec)
(KHz)
4H:S:C White, Cr 12.5- 5 150 65 1 0.5 Bis (ethyl
Orange-Red 13 benzene)-
p-type chromium,
argon 30 psi

FIG. 11B is a graph of light intensity as a function of wavelength for the light emitting
device 101 of FIG. 11A. The graph of FIG. 11B illustrates the distribution of light intensity as a
function of frequency for the light emitting device 10I of FIG. 11A. The sum of the distribution
of light intensity of the light emitting device 101 results in an orange-red light.
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FIG. 12B is a graph of light intensity as a function of wavelength for the light emitting

device 10J of FIG. 12A. The graph of FIG. 12B illustrates the distribution of light intensity as a
15 function of frequency for the light emitting device 10J of FIG. 12A. The sum of the distribution
of light intensity of the light emitting device 10J results in a green light.

FIG. 13A is a side sectional view of a first example of a light emitting device 10K
fabricated on 4H:SiC (n-type) substrate 20K by doping with chromium. " The substrate 20K
defines a first and a second side 21K and 22K and a peripheral edge 23K. A first and a second

20  Ohmic contact 61K and 62K are electrically connected to the first and second side 21K and 22K
of the substrate 20K.

Table 6 sets forth the parameters for the fabrication of the light emitting device 10K of
FIG. 13A. It should be appreciated by those skilled in the art that Table 6 is a specific example
and that numerous other parameters may be used to fabricate light emitting devices having

25  different characteristics.

TABLE 6
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FIG. 14A is a side sectional view of a first example of a light emitting device 10L
fabricated on 6H:SiC (n-type) substrate 20L by doping with aluminum. The substrate 20L
defines a first and a second side 21L and 22L and a peripheral edge 23L. A first and a second
Ohmic contact 61L and 62L are electrically connected to the first and second side 21L and 22L of

10 the substrate 20L.

Table 7 sets forth the parameters for the fabrication of the light emitting device 10L of
FIG. 14A. It should be appreciated by those skilled in the art that Table 7 is a specific example
and that numerous other parameters may be used to fabricate light emitting devices having

different characteristics.

15 TABLE 7
Sample Color Dopant Power Pulse Focal Spot #of  Scanning Dopant
Contribution (W) repetition Length size  passes speed medium
in LEDs rate (mm) (um) (mm/sec)
(KHz)
6H:SiC White, Blue Al 11.5- 5 150 65 2 0.5 Trimethyl
12 aluminum,
n-type Methane 30psi

FIG. 14B is a graph of light intensity as a function of wavelength for the light emitting
device 10L of FIG. 14A. The graph of FIG. 14B illustrates the distribution of light intensity as a
function of frequency for the light emitting device 10L of FIG. 14A. The sum of the distribution

20  oflight intensity of the light emitting device 10L results in a white light.
FIG. 15A is a side sectional view of a first example of a light emitting device 10M
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device 10M of FIG. 15A. The graph of FIG. 15B illustrates the distribution of light intensity as

a function of frequency for the light emitting device 10M of FIG. 15A. The sum of the

15  distribution of light intensity of the light emitting device 10M results in a blue-green light.

Photovoltaic Device

FIG. 16 is a graph of is a graph of operational temperature as a function of band gap for

various solid sate devices. Silicon carbide devices can operate at temperatures exceeding 650

20  °C[D.K. Sengupta, N. R. Quick and A. Kar, Journal of Laser Applications, pp. 21-26 (2001).]
which makes the material attractive as a thermoelectric device [P. M. Martin, “Thin film
technology: thermoelectric Energy Conversion 2: Thin film materials”, Vacuum Technology &
Coating, pg. 8-13, (2007) and Y. Aoki et. al.,, “Study of Silicon Carbide Thermoelectric
Materials made by SPS for MHD Power System”, 34th AIAA Plasma dynamics and Lasers

25  Conference, 23-26 June, Orlando, FL, (2003)]. Wide bandgap semiconductor p-n junction

devices have potential for operating temperatures greater than 3000 °C.
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received aluminum concentration 1x10'° cm?®) wafer substrates with respective dopants. Cr
10 and Al were used as p-type dopants while N was used as n-type dopant. A Q-switched
Nd:YAG pulse laser (1064 nm wavelength) was used to carry out the doping experiments. The
experimental parameters for laser doping of Cr and N were: power 11-13 W, frequency 5-10
kHz for a spot size of 85-150 pum at a scan speed of 0.5-0.8 mm/s.
For n-type doping the sample was placed in a nitrogen atmosphere at pressure of 30 psi
15 and laser-doped regions were formed on the sample surface by moving the chamber with a
stepper motor-controlled translation stage. The height of the chamber was controlled manually
through an intermediate stage to obtain different laser spot sizes on the SiC substrate. . For p-
type doping, TMA (trimethylaluminum, (CH;);Al) and Bis (ethyl benzene)-chromium were
used. TMA was heated in a bubbler source immersed in a water bath maintained at 70°C until
20 it evaporated and then a carrier gas, argon, was passed through the bubbler to transport the
TMA vapor to the laser doping chamber. Similarly, for chromium doping Bis (ethyl benzene)-
chromium was heated in a bubbler source immersed in a water bath maintained at 100°C until
it evaporated and then a carrier gas, argon, was passed through the bubbler to transport the
ethyl benzene chromium vapor to the laser doping chamber. These dopant gas species
25 decompose at the laser-heated substrate surface producing Al and Cr atoms, which
subsequently diffuse into the substrate.

Since crystalline SiC is chemically inert and has good thermo-mechanical properties at
high temperatures, photovoltaic cells made of p-n regions in SiC can be located at the walls of
combustion chambers to directly convert radiative energy into electrical energy; particularly in

30 power plants. Burning fuels and the resultant flames produce electromagnetic radiation in the
ultraviolet (UV), visible and infrared regions of the spectrum. The combustion chamber is
modified to contain stacks of SiC photovoltaic cells so that each stack can absorb the radiation

of a selected wavelength range to directly produce electricity.
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Aluminum and Nickel were deposited on p and n regions respectively on the samples
prior to photocurrent measurements to serve as contacts. Contacts can also be laser synthesized
producing stable carbon rich conductors that can tolerate high temperatures beyond the
capability of conventional materials such as Al and Ni.

FIG. 17 is a side sectional view of a solid state photovoltaic device 10N fabricated on
6H:SiC (n-type) substrate by doping with aluminum and chromium. The substrate 20N defines a
first and a second side 21N and 22N and a peripheral edge 23N. A first and a second Ohmic
contact 61N and 62N are electrically connected to the first and second side 21N and 22N of the
substrate 20N. The solid state photovoltaic device 10N produces an electric current between the
first and second Ohmic contacts 61N and 62N upon receiving electromagnetic radiation as
indicated by the ammeter 72 N.

Photocurrent measurements were conducted using a Keithley pico-ammeter/voltage
source Model 6487 was used for carrying out the current measurements, while an Agilent
digital multimeter Model 34401A was used for measuring the voltages and the resistances. The
light source was a 5S0W tungsten filament lamp.

With no visible light sources a background voltage and current existed in the SiC
samples at room temperature (23°C). Irradiation from a 50W tungsten filament light source
produced a greater than 220% voltage boost and a greater than 4350% current output boost in
the laser doped 4H-SiC device. A greater than 540% voltage boost and a greater than 1250%
current output boost was observed in the laser doped 6H-SiC device.

The mechanism for the observed photocurrent SiC is as follows. When a broadband
source of light impinges on the doped SiC structure, the photons with different energies are
absorbed, which creates electron hole pairs in the valence band. The photons with energies
higher than the band gap of the substrate causes the electron to excite from the valence band (or
from impurity levels created by dopants Cr, Al, N) to the conduction band (or same impurity
levels). The electron flows through the contact wires generate current and the corresponding
voltage.

The photovoltaic device can be laser doped with select dopants or combination of
dopants to absorb energy from the complete electromagnetic spectrum. The photovoltaic
device can be laser doped with select dopants or combination of dopants to select or filter the
range of electromagnetic spectrum energy absorbed using the same laser doping methods
described for the LED wavelength emission selectivity.

FIG. 18 illustrates the solid-state energy device 105 of the present invention located in a
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building structure 108. The building structure 108 includes a plurality of windows 110 including
windows 111 and 112. The window 111 is mounted between window support 113 and 114
whereas window 112 is mounted between window supports 115 and 116. In this example, the
solid-state energy device 105 is incorporated into a solid-state energy device 105A located in
5 window 111 as well as a solid-state energy device 105B located in window 112. Although the
building structure 108 has been shown as a multi-story building structure, it should be understood
that the solid-state energy device 105 maybe any type of building structure.
FIG. 19 is an enlarged sectional view along line 19-19 in FIG. 18 illustrating the window
111. The window 111 comprises an insulating substrate 120A formed from insulating material
10 124A. A wide bandgap material 130A is formed within the insulating material 124A of the
insulating substrate 120A. As will be described in greater detail hereinafter, the solid-state energy
device 105A of the present invention is formed within the wide bandgap material 130A of the
insulating substrate 120A. In this example, solid-state energy device 105A is a photovoltaic
energy device for converting electromagnetic radiation as indicated by the sinusoidal arrows into
15 electrical power as indicated by the ammeter 118.
FIG. 20 is an enlarged sectional view along line 20-20 in FIG. 18 illustrating the window
112. The window 112 comprises an insulating substrate 120B formed from insulating material
124B. A wide bandgap material 130B is formed within the insulating material 124B of the
insulating substrate 120B. As will be described in greater detail hereinafier, the solid-state energy
20  device 105B of the present invention is formed within the wide bandgap material 130B of the
insulating substrate 120B. In this example, solid state energy device 105B is a light emitting
device for converting electrical power as indicate by the battery 119 into electromagnetic
radiation as indicated by the sinusoidal arrows.
FIG. 21 is a magnified view of a portion of FIG. 19 illustrating in greater detail the solid-
25  state photovoltaic energy device 105A. The insulating material 124A of the window 111 extends
between a first surface 121A and a second surface 122A. The wide bandgap material 130A is
formed within the insulating material 124A and extends between a first surface 131A and a
second surface 132A. Preferably, the first surface 131A of the wide bandgap material 130A is
coincident with the first surface 121A of the insulating material 114A of the window 111A.
30 The solid-state photovoltaic energy device 105A is contained entirely within the wide
bandgap material 130A of the insulating substrate 120A. The solid-state photovoltaic energy
device 105A comprises a first conductor 141A formed in the wide bandgap material 130A. A

first type wide bandgap semiconductor material 150A is formed within the wide bandgap material
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with the second conductor 142A. The solid-state photovoltaic energy device 105A provides

10  electrical power between the first and second conductors 141A and 142A as indicated by the
ammeter 118 upon impingement of electromagnetic radiation as indicated by the sinusoidal
arrows.

FIG. 22 is a magnified view of a portion of FIG. 20 illustrating in greater detail the solid-
state photovoltaic energy device 105B. The solid-state photovoltaic energy device 105B

15  comprises a first conductor 141B formed in the wide bandgap material 130B. A first type wide
bandgap semiconductor material 150B is formed within the wide bandgap material 130B and in
contact with the first conductor 141B. The first type wide bandgap semiconductor material 150B
forms an Ohmic contact with the first conductor 141B.

A second type wide bandgap semiconductor material 160B is formed within the wide

20  bandgap material 130B and in contact with the first type wide bandgap semiconductor material
150B. The first type wide bandgap semiconductor material 150B forms a solid-state junction
163B with the second type wide bandgap semiconductor material 160B. A second conductor
142B is formed in electrical contact with the second type wide bandgap semiconductor material
160B. The second type wide bandgap semiconductor material 160B forms an Ohmic contact

25  with the second conductor 142B. The solid-state photovoltaic energy device 105B emits
electromagnetic radiation as indicated by the sinusoidal arrows when electrical power is applied
between the first and second conductors 141B and 142B as indicated by the battery 119.

FIG. 23 is a magnified view similar to FIGS. 21 and 22 illustrating an insulating substrate
120C incorporating the solid-state photovoltaic energy device 105A of FIG. 21 as well as the

30  solid-state photovoltaic energy device 105B of FIG. 22. It should be appreciated by those skilled
in the art that the solid-state photovoltaic energy device 105A and the solid-state light emitting
energy device 105B maybe located in various configurations within the insulating substrate 120C.

FIG. 24 is a view similar to FIG. 21 illustrating a solid-state photovoltaic energy device
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devi ce 10théwideclzandghpi ssmiconduvthpunateibl 430 awell in ehestrimalshiadt witlathe fastetogducebevi ce
105B | ocagﬁd in wi ndow 112. Al though the building structure 108 has been
shown as ful ti-story building structure, it should be understood that the

sol i d-state erniegyosdevi70andies Myiiccesditep WSeonbplbiﬂ'%'aCHe&ﬁld&WeL&h%ﬁducﬁrG 19
is an enlarged sectional view along line 19-19 in FIG 18 Illustrating the

wi ndow  190PngTae 1{pG de e substeatahd(- sEhe Brecesh g d'p dvrther reluydss eoncommting 2 med

f r om j s WeaddNPpeRinfloh&lctok Forkhft  therhae A8 P B EBARs AB Ehé &lbsad1od & hidk gEAS

within the insulating material 124A of tf??g i nsul ati ng substrate 120A.

will be deeaditimedvidebandean ssmicvadustdr nipgarial Hi¥hetyeen thedirstanil decondisusfacesd Rty
devi ce 10 i i i it hin, t he w de hand
ooy or AR o U B0E RS0 AESR g TS DD BP0
sol i d- st awvele gipe bandgatesenieond@bok magerml pidot ovol t ai ¢ energy device for

converting el ectromagnetic di ation as jndicated by the sinusqidal arrows
into 15el ect rielghglpr %’gﬁe?%%émﬁ‘%ﬁ? @ﬁt sy S{eﬂe 7§rﬁfe“t°8?é/“ﬁ%‘?g £ SgEONg (Fopiclon

enl arged fefing ditamnalvénetyy 768 dni tAe fidkd surfact N2 Flothe IsBbdtiated BA0" @t fofg) atsBdnd Ndow
112. The wi ndow 112 conprises an jinsul ati ng substrate 120B fornmed from

i nsul at i ngPRAYEA}44)n glsatrcal coplpetavinthg gegon ids bandgtp senicondpgier mptetialn t he
i nsul ati nggogmat eri al 124B of the insulating substrate 120B. As will be
described in greater detail hereinafter, the solid-state energy 20 device
105B of the pridgedt isiamagnified iyiewsoffaompietesi thieforoltdicensigyeconandeedevivatl 054 al
130B of t i t:l . t. .t hi ohid .stat e energy
dovi co. 1008 PREUT RRBIARHEA F pbcifineq Wi s o RE BT oL oo 0 Pl o

i ndi ¢z e tmpdgapesehbadonducjor ihSteriait 304l withinothegnbdtiae 120N &t canversl tonthrmathed by

the sinusqgidal. arrows. FIG. 21 is magni fied view of a portiop of G 19

i|lustrat ﬁ’r?g’vf)lﬁal‘b%egyecron&eéflg? fjievt“‘l‘?el%éét iglg’-e p%%tog‘%i?{cee"ﬁ%t%&cﬁsﬂ% V@ﬁég

devi ce 105Aontdin€d toispléted bérgedtbdhe ffirddland 2b0n®burtddes 11AdaW bl exhesstsuhet ween

a first surface 121A and a second surface 122A. The wi de bandgap materi al

130A is f¥%%d within the insul ati ng material 124A and extends between a

first surface FIG1A @Achagni$es oRH &H%Bﬁﬁﬁte&%%lﬁ;enﬁ&iﬁ%@ﬂe@%% vérﬂgn {iévﬁc%t10§l§'r face
OA Is Coi nt tﬁ the

131A of the w de bandgap nmaterial 13 . nci d Irst surface
121A ¥ tofethe peaserdtinyegtipm fermed |in Reeprdapte with thé prboess fIFIGS305-Ihe Bwel widest at e

Pandgap rapasPap P Syl Doy BRI BARRE [ A0eis ballera Rl

pEot ovgl tal;ilitticrilgrmcrgy cdwr'sima dg@i’éd\lﬁiBf’rpﬂ"hesE@t amﬁt'tin§éneggndmeérﬁbn 44 ];(ISBnied in
. . ! el ; ;
mater | ) PBBRER BomR L behpa o arnec BRGels Rane Lt S OB e

(RULE 261)
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33 WD 2010/ 065099PCT/ US2009/ 006329 130A and in contact with the first
conductor 141A. The first type wi de bangdgap sem conductor material 150A
forns an wbhrmm/essmwbact with the first conductor 141A.  PCT/US2000/0863eond type
wi de bandgap sem conductor material 160A is forned within the w de bandgap
material 130A and in contact with the first type w de bandgap sem conduct or

material 51504yGTHe if 1d Slew! YRR FIG 2P GRR £ QB ﬁ:iesar \sm@'en;@A

forms a solid-state junction 163A wth the second type gap
semni condu@tlmrsmaquedlomeﬁmrpqﬁatsleMOdpolrﬁdacfpmedmzwor@anmme iprocess of

el ect 11 oahgROBLIE! Mol NEndes Al bR HRRATAI, RS S a1

150A. The 'secoOn em con mat er| o s an
Chmi ¢ condoaedrteditd Ifortrhme sahctowdtamoaﬁﬂtgytaohveidé}ﬁdeﬁdeel 054l dand-thé diode pbA.OVIBET ai C
ener gy devi ce 105A provides 1Q ele i cal,. po between the fjrst. and
Second® coRPHTS e comHEIon Snei  {APE 488 TBYA alfes BipRet dPmpiesd hsBrren

i npi ngerrem&ﬁ@farﬂlsasbha@masemmaﬁladnmbpcne afbstrdiéli 0t ed by the si nUSOI dal
arr ows. nified view of a portion of FIG

illustrating .FﬁGg?fbd{Uéﬁrat%fe& aw%m@ RE a JBpti yemplstof ap HpPBHES 480 éorefﬁlz;w@wd@m ce
105B. Th%@%lcénv%hﬁ;nedepﬁeﬁ@yef &x@b@s&l@ﬁ{v%oqewe SppaPmR 1X0 iMAHRES §8F a Firdt! 1 St

conduct or B formed in the w de dgap material 130B. Afirst type w de
bandgap sadiasesorid chavbenh léy angl 1818(15@ acgomnhshregithmpmwss stehe! 13 and 1683 plpgyagn

mat ery A dﬂi%QBzé‘QHd 28. CI?(?%e??g V\éhtonldtlpee%r&lé{ ?Jod (fl?a'?(ill!rbc%ﬂ%ara #1430 Jé]ﬁdefs' [ﬁ?]ﬁatrt ype

w de ]b Sem conduc contac
first comimmbm fot 4dd8mplishing the remaindngsrocesdstdpg h@4-IWashobyva md BES. 2@ and2dnduct or

material 160B .S roed, within the wd mat.eri.al . 130 n
Contact. with (HE Tt BEby BT HiPES LSBT O R AR AT DH AEPropPs 383 " e
first typeitna dendoanEgAaRomEtnRMMEUGHDA cHabiber m@horlt%@l& fPirABinBut $6 poits I BEA €
junction 163B with the second type w de_ band sem conduct or materi al

160B. A sHesmyided #am‘dmm@@%onf ofrthe widerbap &aetdpplewga% bRGinto the ichambes

second t yipgrivd ke Abandanp S8 %ﬁﬁﬁ‘@yﬁi Qﬁd P& Rht 3hs SRR 188RGARLAP QuiyRGFW de
bandgap sem conductor material 160B forns an mc contact 25 with the

second coﬁdwm@mMQQ)Plﬂgmssl&Gﬁomtth@ chaphertintgodrt1868. ener gy devi ce 105B
emts el ect rorﬂ?%?%&ﬁocﬁxﬁ gﬁ E%Fal?dsa E«{lﬁ%&@ 1?1%% QXer%fhﬁ’eaﬁl' %%'1%@11 I%PE when

el ectrical power 1S app et ween seco uctors 318
and 142B diecied diraghdhe windowd shatontrtie dubStrate 120. Infalfitst rd@ieiod operabognihbified vi ew

simlar to FIGS. d 22 .illu sul n bgt 1

i ncor por a‘ﬁdrfﬁcoc“ﬂég%a?ﬂ‘eggty lfeémf)aé]gé/];)'f‘%a@]zgﬁ 3.’ ée& %’Géi\%%lateéggmﬂ as
wel | 25 tiRrsdé bs&leeldﬂ@tﬁagtancpit!a&wsa%fh@b C2 E4HArQY ofl @ isaiRtrde 380.OTheFihtersectidg | t
shoul d be_appreciated by those skilled in the art that the solid-state

phot ovol t @candsesogy ﬂ?fé%‘?‘cf‘é‘er% Heamh, {725 apd |17 2B mrowide heattbewyeen thefystamdr gy

devi ce 10&&:1&%9&&%%@@1@0%5 IsQbLerate Q26 lagwe%baa& motxhb%sttﬂ%ugme il
substrate 120C. FIG 24 is a viewsimlar to FIG 21 illustrating a

sol i d- st athembtrot&dviol Hghtcprerided) Py dbs fiest aBUBS DR REMEHEETRY( RdnE DBER1 a3d
172EB2 in the presence of the wide bandgap doping gas 172G within the chamber interior 185A

25 converts the insulating material 124 of the substrate into the wide bandgap semiconductor
material 130.

In a second mode of operation, the first and second thermal energy beams 172EB1 and

172EB2 are directed onto the substrate 120 to intersect between the first and second surfaces 121

and 122 of the substrate 120. The first thermal energy beam 172EB1 provides heat within the

30  substrate 120 as the substrate 120 moves through the first chamber 181A. Heat provided by the

first thermal energy beam 172EBI in the presence of the wide bandgap doping gas 172G within

the chamber interior 185A converts the insulating material 124 of the substrate into the wide

bandgap semiconductor material 130. The second thermal energy beam 172EB2 is used for
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WO 2010/ 065099PCT/ US2009/ 006329 105C i ncorporating a di ode 164A. The
insulating material 124A of the wi ndow,;l1l extends between a first surface
121A and woenawsoosur f ace 122A with the w de bandgap matremritskoo2d06329
extendi ng between a first surface 131A and a second surface 132A. The
solid-state photovoltaic energy device 105A conprises a first type w de
bandgap SaHePAid ! RpafiBi6 aeile 204 14h CRRAAL ncofhddh 10G hiy S HABRARE! OF
141A. The second typgaﬁl?ge abanedgap'seﬁr(rillc n uctnor o\r%:‘sllter?a(ls]l{T 16%2 faorms a
sol i d- st amaferialn praperty 1@8rkogatiot an eprédesss rorntspp as wyidlebdh zrplgiapd derwireferdwah or
material 150A. econ ondu 142A is in electrical contact with the
second tyrﬁgﬁrev?ﬁc%ét%easﬁgogngﬁ%%%nﬁ%rg%%uctor mat eri al 150A. The di ode 164A
conprises a t hitiededoy ehashisbe 1 DER dgsirpilaanidesigindtoperatiat & the Firsi Glafnben 181G\

contact with th econ nductor 142A. A fo h typ { de ban .

s conduttegeoRaBRTeR 1§ BERoTansrsa Shacher hrut BB it iebebherrutat b viche
third typeindbw e shBREGARNRETHCWIN W ChahbarBiteridralsss 6 PhuralAnplti dadl pe@N eReH g 143A
isin electrical contact with the fourth t{pe wi_de bandgap semn conduct or
materi al Areeded fonenablingiatradueiion of agsp e thehrmbes dperios 1§28 -hARARPUS gAsicHUAR at e
phot ovol t 76 £RSHMNNAE KL TRB/ ekl Be DRIy EEHFIERE O hE Bhariled ik 0ug
the solid-state photovoltalic energy device 105A. The diode 164A prevents

di schargel®B. a | oad such a battery (not shown) through the solid-state

phot ayol tai c - devi f

ol @t at e profbeaiEe, B8 cknth &Berndnf EANE, WobrhBHR SUltenenlndlins o

t he procead stathdghrfavek il higatdE22esfahg substpaie €2G by thedensi 1081 2 HedOfroatied byethe
present invention. The nr ss. 170 of king the er onver si qn _devi ce
05" e apBribitaer bosma SRl T cisk o, HaBc et e o HaRdRF1 ¢ o c
ener gy desntdndited rdtekidl N80 HheCHS First ndictdraldil g thé Suisshte dnéited tirotdhOthb

emtting energy device 1058. FIG 26 illustrates the sequence_ of
formi ng t feondn@rghercfiPer Syritallyadapingigns if mobpsed ferarriaering the Wideapdesrs 170
i1 1 usd at gehidondddis ok W AR i cohdufStor 281, The process 170 25conpri ses
the process step 171 of providing a substrate 120 of an insulating materi al
124 havi ng t heAr pptisnalgutefregationt ger 4 A3Bt hae besnddetl foumpiguals prperty interrogarion

Procese L KRSy 05l 1 A BRGR LEP R SRR 00,8 5o eRyy

i ncl udes cmdwtertldhtung the foneativaltheeevdr gy beam 172EB i nside of the substrate

120 for convergti region of .the i t.i ng .30 eri gl bet ween t he
frrst and secditoanPs deourspigts I & AnHmTReth G dis BORGE: o
mat ers@l  waRlenpheffenablim. The idthghidn BEeNIYBLE BB th Tcafi€ priéssddmatbial
focusi ng the energy beam between the first and second surfaces 121 and 122

of the sutpstRogifien before, dusingtind alisraeping and Fendpsien syatheunRiPgsss| ShainbRReaiona

| aser beafiid 9oused Y (A BR: B MeDRINBER i fickShar S RRLh T Cra S T b RULE
261) 35 WO 2010/ 065099PCT/ Us2009/ 006329 and second surfaces 121" and 122 of
t he subst refaative 2@lex phthehetermogated mdteriak afigeaddrack tP@igh ¢ conirg)i 18aC Ity contolthded as
a w de ba ] I t I . St i

unnecess aéb%gagign ?ﬁ E)Hﬁ ﬁwglc %‘%{%?@%ﬁ 1;7 gé}%'h f)l"gg Usg:é?ﬁ?e&g %?rﬁgéﬁ?g l%fgli i%ﬁ é:']?a[? }egc ess
170 izx| utdegss bdbstrgie areaste tetpegedséB with veynméthint ptopergesafier tetcoamndercprotess.

conduct or IAILe BRHEIR e MEREUTL I VAl Resee pgeinny3 B Soes wi do

bandgap s&isivanEst o0 agegieri al 130. The process 170 includes the

process step 174 of applying a first type sem conductor dopi ng gas 174G to
t he substrat e 9031 Fhgryiesaerationsefayseqond examplsef an Aenaiaiess! 0JacBhasating g a

first typg @FW&&{%H@S H?{h@ Bgééé}{t PentRINE"9Y apftdtit 190S16RraRE ohI)S first

substrate 1 i

o forma first
30 and a second chamber 191A and 191B for accomplishing the process steps 172 and 173 shown in

FIGS. 25 and 26. However, it should be understood that the apparatus 190 includes similar
chambers for accomplishing the remaining process steps 174-176 shown in FIGS. 25 and 26.

The first chamber 191A comprises a chamber input 192A and a chamber output 193A
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10 wi de bandgap sem conductor material 150 between the first and second
surfaces 131 and 132 of the w de bandg sem conductor material 130 and in
el ect ri cavocomi@msioowi th the first conductor 141. Poe/ysca@omsas24. 70

i ncl udes the process step 175 of applying a second type sem conduct or
doping gas 175G to the substrate 120. The process step 175 further includes

t t 5EB
fﬁgfgg {)?\R,lﬂﬂgn %ﬁ%‘gﬁeﬁgﬁq miniRRa @195‘9%%9{ infeRibM 930\ Rﬁﬁrﬁﬁiar GIPGE S pdrd

20 to rm a second type w de bandgap
seni condut36dr sumetmdsitbd ape@Orebid@tivefenintrhducingrthe widecbagdgaprigpmg rghn ¢ B il thand

122 of th and S m r I

cont act | wieRvEraery BPA, AT G Bl g Bl et e dpfef bl &8 or .
process 17bA foctetslefing Heegsbandzas dgtisgat 137 ﬁ:cﬁmmlwuhmberramemg 1855 econd
conductor 20 faqrm g t her nal 176 the first ce 121 of the
Subst e 120 A SR dnerax begh A T PG Deh et A < B futtaitn { he
second tYQeQwé’UnQEe BiAR ABB BecS RITbUTRABSULA] Oind 2D &)F itk subftEate 120. In fhisexariple] thed
magni fi ed view of a conpl et ed f1;;hot ovol tai c energy conversion_device 105A of

the presethermahgeniey beani bF3REYsi facused By dhenlers (it Fhorm bprser g fpt andageonds. 26,
The wide géfpégrlé aRd %mm@%&&% 198 @hd Aouskd UeVbeafdls 17388 iripthsds ugsrethl.»ZOA

is converted orm the photovoltaic energy conversion device 105A
phot ovol t albdraembﬂﬂw theoywbstrats 120 ad éhei chemb@J Al A snaye melativiadel thesnlpsiretedd0. bBeate en

the 155t A0d P60 00 HEl BEES, AH PR HARALRAS: RS BhAPRAmFLE 20

is a nag nPPr eéw of a Co ed | ener CONVEr si'o evi ce
105B 30 oi7mmﬂdmamanMom5Aam®dsﬂre mulmnglmateealv\izmhft}teesubsmteeste of

FI GS. 25-26. de bandgap sem terl al SOB t hi

Gubs 1 at et 05 1oedie SRR DM DL AT Loto 114 it DGR SR S0 e bR e o
devi ce 10gdhg 1Ees bl @htbe @fﬂah&ddﬂg WSIE bedm 6@aﬁw§fomrgmv¢aqﬁacﬁm Fathe@itrei ned
conpl eted between the first and second surfaces 121B and 122B of the

subst r at ethe Joer besuBn be(spENHEErpsy thesebsiraly )120.3@hgggser beam can be a pulsed at a
2010/{)@50&%@@3’40@ Q,%/tgdggﬁgte 120 FIG 29 is aviewsimlar to FIG 27

illustrating a conplete tovol tai c energy conversion device 105A

i ncor porati ng ThmedmdctéarmmA%Bnmmllamnaie%m atwlnepsrafipn hs thh dirgs ichaneles 19FA. FI GS.
25-26. Th V\ndebnda nm conduct or. i A rate
Toon i s cO e RN TE EHEP RS SR Bl ap B A Publiy o3k 2

and the dametercli®4B. coiFh&m&aMg)tvnN@Ichahmremenicgw%Bnm srinmufar deut gaspb%]%Bhe

di ode 164A are_contai ne |.eted between.the f and.s d . surf ces
TooA and  SEPANSING G ES ArIRISBHAE vy S5 i fhe by G ADgR. AR on of
a firsy eyapn!ds pbrt 308 R RMAIUAHY the h8RNARp It 3RE p&r8lY 962 fdr RecoRERpIiny CREBEE ST ON
device 105 of the present invention. The apparatus 180 |Ilustrat es only a

first andffamsthe shembasdpsder 1%Ba dhe thama FWFgYaE@M73F§1F%§>CPW€ thiogghe e
steps 172 re 179% Jaol‘f@cdn@erﬁxgéhcétwéﬁ t@ﬂrsg gnd s d %ﬁpfac%g 1§h9ﬁtl ql2p%f the

under st oo at the apparatus 180 includes simlar chanbers
acconpl i smbngaw h20. rBrvaﬁocusnglapardvcaa§73;E%papln§{°44lp%tlsh@maieri29fl Gsat @évidadd 26.

T ST A S5 SRR o AR 5 P
I nput 2gas tedirftscondfetdr AWE ap lﬂfevdtdmderf 191 Banawask ir¢lativiertd i subtrane 124, try;ﬁcalmy de
DD o e S b Sk B
conductor 141.
FIG. 32 illustrates a first specific example of the solid-state energy device 105C within an
insulating substrate 120C having a first surface 121C and a second surface 122C. The insulating
30 substrate 120C is formed from an insulating glass material (SiO;) 124C.
A wide bandgap forming doping gas selected from the group consisting of acetylene
(C,Hy), ethylene (C,Hs4) and methane (CHy) is applied to the glass substrate (SiO;) 120C. A wide

bandgap forming thermal energy is concentrated inside of the substrate 120C for converting a
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t he wi de bandgap doping gas 172G from the chanber interior 185A. In
this enbodinent, a first and a second tgernmal energy beam 172EB1 and 172EB2
are di recweadotonssaegh t he wi ndow 184A onto the substrat e P€201S2000/086329 r St
node of operation, the first and second thermal energy beans 172EB1 and
172EB2 are directed onto the substrate 120 to 20 intersect between the
first andesee e Sulafhe glasrhatdidl (3i079) PIaC BwsRd KRt Sndlelond faces 121C
intersectihg first and second thermal” energy beans 172EB1 and 172EB2
provi de readt12BGtimpeensiliten darbidet material 8€0 1d0surfhacede badgam ormipg deopingthgas
Substrate 20 noves through the first chanber 181A
Heat prov‘ioéélgu%;é/c%%g@?@%ﬁg%@@e ond thermal energy beans 172EBI and
172EB2 i n t he Aprfiesanaductdr fohringi thembah enkygyp isd ogricergragpdsindid@ Ghenisilibom cdrbide

chanmber interi of. 25conver the |n t1.nQ terial 124 of the..
et vy v Bich T3P 38 TG A comfuelshd L sy ey flsoR pabide mbteral ficy
second nodeCOThodemadl emiigy doenirhted insidd theSRicomchrbikemartialgsie) g30d gigstiated 2EBL
and 172EB2 are directed onto the substratcgun 20 to i ntersect between the

first andh®&tioonialems im dhe sarbomnyjorns 3o SRIGIHEE Sather cartentigiothe piligon Farbide
thermal eQaLay QMo 4 Fim ME At dpdudigaly @i thin the 30 substrate 120 as the
substrate 120 noves through the first chanmber 181A Heat provided by the
first thermnmal Tadrsyygonsuetar IdALRRBN range nremppetiemizem afatbpremajeda (batedgdisodopi ng
gas 172G at hi C [ i C he .l Aale’ rial
154 ot VG afeb P PERRF o) PRLRE rifinds, "L, hRsliOr bl B PR 17
second t hgooesd is eerdomgly inlg Srialenf EBPS5,74 and &4S PatentSIBSTHOT WhichSirEmcorpdtaled bP 61)

37 WD 2010£065099PCT/ US2009/.006329 izl t he dopants to active states.
An opti onrﬁferqnﬁet g Or%%rf?CB Sple%{g‘éq?‘o%v?@’zfygﬁé]%@%i’%?m'rrat erials property

i nterrogation Amfigst pyeceaficondiiitéroforning \Boping as elgtiadl fiertl the gfiup abhedtingiofh
reference to the second chanber 181B. The second chamber 181B is.simlar in

desi gn arftitregsar M) B digthylrslepiupsiC2ERE6ds 2nrlipd to Setgilicor caide mperaddPiC181B
conpries; MCC NRFERS type Biicor@RBr 30ithiny hRMEPSher@iisRhcehBatt WMsidl o thM sngtew 184B

comuni cating with a chanber interior 185B. P%I_Jral i nput gas ports 186B are
provi ded dadrdeamatbrial (30) A39G thutorm en Notypasibiepn darbids semecondnsias anatdnial @Y 1 9C) 185B.

An i nput aln. : i r ot tflow
of any gafs%%? r‘gfr‘ﬁ{l{lﬁ{ee Sé%%ﬁéﬁ’%n‘tg@re %%5&&{%%%%@)3 a%&?h@s@gr%ﬁ%a vf?‘ﬂjeﬁ{t‘efa tﬁgér{rral
ener gy beamikiBHEBICs a | aser beam focused between the first and second
surfaces 121 and 122 of the substrate 120. by th 173L. Heat .provi.ded
by the & her ral A SENGH PR EHEIHIER FPTEToPRE ket sisn Tomt Qe Baaieder 1 s
the wde wiaRtghfwsRIMAQOMILAL Sid BB {ciyl-Bénzém)-chidindunh (€Ml Co)Ytis aphidd & silicon41l as

t he substrate noves through the second chanber 181B. Typically a doping gas
is not usePidematerpl(Rif) { -tfhéewﬁa%mweu%@é@ﬁr@b%wewnﬁ%m yjsidg 30

into the & el SR midhal (SiC) 1T RPEIRANRIP-iypd 8NP deARBDhdutios 1B
has been added for materials property interrogafion and process control of

t he t her nmptersl €P g piGHACIIGEBths sdicon eabidhwidsrbapdgep materiof (S1Gk130C forming a
conduct orp [ . £ I: - i nterrogation
| aser 1731:)L Jlillgcq‘gﬁ El{eé%l] hﬁ}gﬂielggnr{%wé&ﬁg&m%g@egﬁm Hlaggﬁ%%gi‘ﬁbéi@ \1,\§,ad$§| ength of 632.5

nm Tige i nterrogabndrohduster fdrdigBthesnalehagy & cmasmated pnodeths esdicomcarbidal
conposition before, ripg and af,t er, dopi and conduct or. synthesis,.

o obess. TR oic) naftatd Bim e Shugr LA OO R raEt e HE PR icer e

i ndex of ¢dedd BinfiédndgabesateBilepi a8iC) Qa0 JERhel therinaE eficedy odticenttedidsde gk t he
interrogated material are feed back through a contrqgl 189C to control the
oper at i onsibontabideaataRgl (3163 rlg(C saashes thgearborycantentof the silieon; Gartide Batstialon
llaser 173|dRemall @Sform theXdedbiRl SobSddraf40carAfRSsebshd@nBicRTCRISEGs Whrifdd LY

uni form properties after the conversion process. It should be understood

t hat 3he manner simgantp the firstcendut®8ld Gray be added to any of the stages shown
in FIGS. 30 a -] J i SE&E npl e
of an appar at E% b%é;oseft (g?rﬁ* %b%%%%iv%glo? %Sé&ghgérélgt e%%){/léoﬁgfﬁﬁg éavsslgcgg%r?&gf t he
present i (v@NI24Gno a White Hgipamatting SOfgionl ustrates only a first 30 and a
second chanber 191A and 191B for acconplishing the process steps 172 and
173 shown in FIGS. 25 and 26. However, it should be understood that the
apparatus 190 includes simlar chanbers for acconplishing the remnaining
process steps 174-176 shown in FIGS. 25 and 26.

b
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The first chanber 191A conprises a chanmber input 192A and a chanber out put
193A SUBSTI TUTE SHEET (RULE 261) 38 WY,2010/ 065099PCT/ US2009/ 006329 wi t h
an apert uwe 208ls@enmuni cating with a chanber i nterior PEFAIS20M9/00630U| ar

i nput gas port 196A surrounds the aperture 194A for introducing the w de
bandgap doping gas 172G into the chanber interior 195A. An annul ar out put
gas port 198A surrounds the annul ar i{Rgyl gas port 196A for recovering
excess bandgap doping gas 177 fromthe chanmber interior 195A. 5 A thernal
energy beam 172EB is directed through the aperture 194A to be concentrated
between the first and second surfaces 121 and 122 of the substrate 120. In
this exanple, the ther mal ener gly beam 172EB is focused by the |ens_(not
shown) b&PtSen qué’(gfl rst& fid ?’éé"ond Pgléﬁfaglég‘cﬁZfP%fn%#gﬁ ?ffm“t"ﬁe sufStrate
120. The focuse ser b B i ng po %ffh the
substrate 120 as the chanber Z r[:- bnrerp re?gt :z5verz c?tghe,tssu strgte rf'%§e

10 provided by the thermal energy b ﬁqu’y'l 172EB in the presence of the w de
bandgap doping gas 172G within the chanber interior 195A converts the
insulating material 124 of the subshil@ie into the w de bandgap

sem conductor material 130. The | aser beam can be focused to snal |

di aneters %@i ng | &ses or- can be expanded!$%0Usi ng beam expander Methere | ar ge
area irré&M%¥Ton, Furthernore, the |aser beam can be scanned across the
substrate 9. TA¥'MSser beam can be a pul sed at a 15specific | ocalfbn on
the substrate 120 The second chanber 191B is simlar in design and
operation as the },I r%ﬂtl chanber 191A. The second chanber 191B conprises a
chanber icgRudkor 19%Byagd a chanmbery output 193B with an apert ugoe 1948nbient
communi cating with a chanber interior 195B. An annul ar input gas port 196B
sur r oundssyiitlesis apesst i e 194B for introducing any gas into the chanber
interior 195B. An annular 20 output gas port 198A surrounds the annul ar

i nput gas port M&krgtr recovering any excess gas fromthe chanber interior
195B. The_thermal energy beam 173EB is focused through the aperture 194B to
be concenPfRtted bet ween the first and second surfaces 121 and 122 of the
substrate 0. Theyhecus | asgy beam 173EB_i npi pges ypon t subgtd,

120. Heat rjgzr?ow deg y thgldﬁt hermal ener gy beam 17§9EB C(Hl)nverthket he%&z -
bandgap semgepndusham material 130 into 25 the first conductor dfchi@ds the
chanmber 191B noves relative to the substrate 120. Typically a doapgomg);g.as s
not used for conwueddngthg t he wi de bandgap sem conductor material 130 into
the first conductor 141. FIG 32 illustrates a first specific

exanpl e of Alhe sdHYAGst at‘é eneryy device 105C wi thin &n insdd ati rTgmethY'
substrate 120C havin rst surface 121C and a second surface 2™ The

i nsul at i n@'t’?ﬁ)subé?q' &%e 120C is formed froman insul ating gl ass nmat’éf| al
(Si02) 124C. é%ghde bandgap form ng dopi ng gas sel ected fromthe group
consi sting of acet ne (C2H2), ethylene (C2H4) and nethane (CH4) is
applied toghe gl ggp substrate§Si 02)00120G 556 W de bandgap form nga3é ker mal
energy i s concentskah&d i nside of the substrate 120C for converting a

SUBSTI TUTE-tHidEET ( RULE 261) 39 WO 2010/ 065099PCT/ US2009/ 006329 r egi on of
the insulating gli@snnaterial (Si02) 124C between the first and second
surfaces 121C and 122C into a silicon carbide material (SiC) 130C. The w de
bandgap form ng “@¥¥"#Y gas contributes carbon (C) to formthe (SiC). A
first conductor form ng thermal energy is concentrated inside the silicon
carbide 5 materi al lil 130C to forma first conductor 141C within_the
silicon carbi ddCOnd P?%FCS(‘SFCGP sesstiic expraple pEthese! ldeﬁ?é?wre/d’ﬁwéﬁﬂ%wahlpns. de
the sidicanichdigdbbBke 120 haviheh A30Grls 390D ahes §e@@nd5§drfa§é)n2ﬁ§ Onfpef rom
the carbon atons to enrich the carbon content of the silicon carbide

mat eri al nSilging s@sgated 2013 iniorhed from gn inswlatihgoieramid matgrialyeh 45 ahgnmemmdui@t or

141C can romeﬂ}; 1910%91%91%& zﬂ’bf) hespa carbon material (C to a silicon
A wide bandgap forming doping gas is applied to the alumina (A1;03) 124D to convert a

-
m"‘

portion of the alumina (Al;03) 124D into a wide bandgap aluminum nitride material (AIN). In
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10 (Si) - carbon (C) - oxygen (0) conductive material. A conplete

di scussion of this enrichment process ig set forth in U S Patent 5,145,741
and U. S Rabento/ds®%0. 693 whi ch are incorporated by referemas2ominossthe
present specification as if fully set forth herein. A first type

sem conductor form ng doping gas selected fromthe group consisting of
nitrogen ' | J%ggn | ' hhil

car bi de %@?@ﬁg’(ﬁﬁ%“ %%l(géc?éag\q 1%%?1,5% ype @%%%ggﬁog% %o@fcg}ﬁ%%xhg%gr mal
ener gy i sarcopwisdte the ebimings({Ad£O:0124heThd fiistearbon apwricel gasriasadecied| frqnsth€)gra®0C t o
forman N-type sSidi C hd ] r ' (N 2oL O) 415 i thin
the sili c%or?xlgtgnrgbélﬁld}gg@m%cfe%n@’efﬁeé'%g% 3?2?25'%@5“&% & 'mN’éefS‘%ir’m&ag}Je S\(%mg‘%"\# t he
first connitrogenrsodrdd dapink gae Gatitbgey :.)senm conduct or form ng dopi ng gas

Bi st hyl - borie i BHP PTG BeBRe s i eobTBr e e B o e

mat eri al ¢chvéringl A0fegioA Sfe GRNAuininaemaRAAICQUAMT t10ADt MG BBkvide NRindyapl Material
concentrated. inside of the silicaon carbide material (SiC) 130Cto forma
P-type sitPeBHMATEe §aINdRPR oAb EfsbFarhen pregag appliedspdhe Algpina kbl 2¢Re
silicon capBiéen¥ededamdsar MBhfhi@l0S1%D 0fodREMEHArPodiadNddBEEDON the
N-type silicon carbide sem conductor material (N - SiC) 150C. "25A second
conduct or Theotepandnitrdgen serrceedopingyeas donates oitteerniodhe oxygemideficieat aiming 64LCar bi de

mat erj al i 0 ' ' i th
The. P £y pi2f el fie sl Gl AGHRAG FOBCHERAA AN 10D. SHE iy ERRLA G

t her mal egasragy tlecomdtnitaagenl sourss dipinghgas sndyi beapplicarsorially orssinsuliaatouflRit€rhel1 30C
enri ches tlhe. C P Gopt ent of the silicon carbide material (SiC) 130C to
formthe %8‘83‘%%&@%& ¢for 142C. The second conductor 142Cis fornmed in a

30manner si m | Affirdt @ohdiRtok ifsratfing hethal efdrgyl hloncentrated infidb ltiee Dsifstinglsabdtiate
representative tproceérsi ng ,paranmeters for converting the silican carbide

(Si ) 124E00bto400R a sy squdvcten 4l wihinitee plugingm nigigssmgtens ABDERYD Riiee
261) 140 ¥iQneld LR4PP sBRAIRalddURSAO HONBAREm THBIE (RIN) 130D dissociates the nitrogen

ProcessLaser Power Pul sePul seFl uenceSpot # of Scanni ngGas Source(Wrepetr -size
passes/ spaeds fipyihe dumingmatey t9/coneh the apnimwmseatentef\he duminnm nikidy mateoels

(mu/ pul SFA}IN)Q"i 1@8%‘ ﬂmeﬁéoéfsmgm@t%r qapmer %9 r}irétoco%hlgggro 94 1’15”%911 Q'%ge in

composition from an aluminum conductive material (Al) to an aluminum (Al) - nitrogen (N)Q

oxygen (O) conductive material. A complete discussion of this enrichment process is set forth in
20  U.S Patent 5,145,741 and U.S Patent 6,670,693 which are incorporated by reference into the
present specification as if fully set forth herein.
A first type semiconductor forming doping gas selected from the group consisting of and
oxygen (0,) and silane (SiH,), for providing silicon, is applied to the substrate 120D.
A first type semiconductor forming thermal energy is concentrated inside of the substrate
25 120 to form an N-type aluminum nitride semiconductor material (N - AIN) 150D within the wide
bandgap aluminum nitride material (AIN) 130 between the first and second surfaces of the
substrate 120D. The N-type aluminum nitride semiconductor material (N - AIN) 150D is formed
in Ohmic contact with the first conductor 141D.
A second type semiconductor forming doping gas selected from the group consisting of
30 ethylene (C;Hys), methane (CH,), acetylene (C,Hy), for providing carbon, and Bis-magnesium
dihydrate [Mg(TMHD),], for providing magnesium, is applied to the substrate 120D.
A second type semiconductor thermal energy is concentrated inside of the substrate 120 to

form a P-type aluminum nitride semiconductor material (P - AIN) 160D within the wide bandgap
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wavel engt h Conduct or Nd: YAG2- 103. 15120Anbi ent Synt hesi s532 nm wavel engt h
Dopi ng Cr Nd: YAGL1. 646510. 8Bi s (ethyl benzene)- (P-type)1064 nnthrom um
argon 30 wei2omznsstoengt h Al Nd: YAGL1. 5- 56520. 5Tri net hyl 1Palrarseenan)e329
(P-type) 1064 nnBOpsi wavel engt h NAr F102000. 5561- N230 psi Exci mer (N-type)
193 nmwavel ength FIG 33 illustrates a second specific exanple of the

sol i d-st a&l&nﬁﬁﬁrrﬁ%dg gterigl (RIRP1 WD Bétiech tA filsDsHdl BEdnaGugaes 17188 gndli9B dravi ng
a first surface D and a second surface 122D. The insul ati ?\8 substrate

120D is fée ﬁtéxatratse é?ﬁianﬁm%@matalwwn% nimdecsemigoadycior material Bs- AIN) PR ke de
commonly a!l(F?\}ggn&iloH Wltﬂq}lﬁ(ﬁ‘lrﬁp {%\ﬁ% § itride szlsldb‘nmcw? ITB%Q Aﬂﬁm 909 dopi ng

gas is app to the to convert a portlon of the
al um na (Al 2033 sd@4d cpmiuoton fovmieg banntga:pergj/ utangentiated randide malpsgmieall20DADN) .
In 5  form a second conductor 142D in Ohmic contact with the P-type aluminum nitride semiconductor
material (P - AIN) 160D. The second conductor 142D is formed in a manner similar to the first
conductor 141D.
Table 10 set forth representative processing parameters for converting the alumina

material (A,O3) 124D to an aluminum nitride material (AIN) 130D direct energy conversion

10 region.
TABLE 10
Process Laser Power Pulse Peak Pulse  Fluence Spot #of  Scanning Gas
Source (W)  repetitio size passes/  speed Environment
n rate Pulse Energy (J/cm®) (um) (mm/sec)
(KHz) Intensity shots
(m])
(W/cm
AL,0, Nd:YAG - - - <750 - - - Methane +
conver- N,
sion to 1064 nm
AIN 30 psi
wavelength 4
Conduc-  Nd:YAG - 2-10 8.05 - - 1 2 Ambient
tor
1064 nm
Synthesis
wavelength
Doping
Si Nd:YAG 15 4 - - 300 1 09 Silane 30 psi
(N-type) 532 nm
wavelength
Mg Nd:YAG 15 4.2 - - - 300 1 0.9 Mg(TMHD),

30psi
(P-type) 532 nm

wavelength

FIG. 34 illustrates an energy conversion device 105E. In this example, the photovoltaic
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SUBSTI TUTE SHEET (RULE 261) 41 WD 2010/ 065099PCT/ US2009/ 006329 one
exanple, a first carbon source gas to rgnove oxygen and a second nitrogen
sour ce dopongiogmsodare applied to the alum na (Al 203) 122D1/Usb@9ofie3ge car bon
source gas is selected fromthe group consisting of nethane (CH4),
acetylene (C2H2) and ethylene (C2H4). Preferably, the second nitrogen
source d 0&16% cBRrsion d(ﬂ'vfcg 0 o f N prsenPiitvaliteR iSRSl af vPavElohRle 2O MRbn&ner gy
is concentrated inside of the substrate 120D for converting a region of the
al um na npieer inailating a08tratd A20A hasoa dirsti ahsl basserpdpsurcelzbh anduld2dumiet ri de
(ALN) 130D . The .fi b [LGR: pli e . ' 124D
renoves o&féoé’ﬁﬁ?%f&?%eo@f\hlg?%rﬁ%ﬁ’i“ﬁgm?%? S@%"’*fz‘% %ﬁlg@g? 0 é&cqggﬂcfbgr %ﬁﬁ%xi de,
CO or CQ2firsildnd seoad ndfanést I204end $22k.ce dopi ng gas donates nitrogen to the

oxygen deficiept alumna (A 20 0 40 to form the wi de ban | und num
P et or [ AfRRRY eypuiorAA Rt adt e §iseSnf SRERERUR 4,
nitrogen s@W. CEhdiRfispierdasavagiideo Q0o mlayed fomfiddattdny various infasdriatnmohiad ylagso t he
alum na (Al 203) 124D.. A first condugtor form'.nlg %ernacll erEgr is
concent r alagrialh splymetip maferialy enypihes HpE oF spitablg ogismp seReRd pyracs 2@énfuct or
141D Wi t hing Hai§arhUWh Ui dE0AIR BOAHET ioPthe (it NhrfAc30D1 ATHE oA&plebeind@btirgner gy
concentrated inside the alumnumnitride (AIN) 130D di ssoci ates the

ni trogen subetrase i200m Rrpferablyuthe tansparentikave guishl P4 is hoaded tarhiins wefateekdd Aof
the at'. ¢'M S thtu'idtiqg ]_SH%B%{GI oAl 6% ) las'le;5 %1&3 g{otgés@(;r b:l?ly fdtﬁe?tsuﬁﬁﬁ'éj bRl A41D.

The first conductor can range 1 n conp ron froman alum num
conduct i veflasing madrial ADIA tio affimed tauthie rseennd Ahdface R Arafgtbe trangparentxyaperguidy)
conduct i Ve d}ﬂt erial. A conplete discussion of this enrichnent process is
set forth?{%"20U. S Pat ent 5,145,741 and U. S Patent 6,670,693 which are

i ncor por at ed byher einepe¢in avavatetide DOOAr st a s@rentfator dbi difechifig iefecttamhdgyetet

forth herein. . first type sem conductor form.ng dopi ng gas. sel ected
fromt he BRBH (‘:‘Bﬁ’i§€% P#‘?\‘@V‘_ﬂﬁalcaﬁlfr%xWé‘i‘? FQJ% formgd s‘Y"&g‘héh{)SP%ﬁ‘)g",’e f"ﬁ‘ﬁatmg
provi gd Nggibktrdt€ PIVA.1 ThERMshAehttwavk RRide BOGA ek ivéig Qhdrealed the Shrfic¥ RRa of the
sem conductor formng thernal energy is concentrated inside of the

subst r at eplEgovpige eaergy, feniem] 034 (e mgreasing the akgctrici rpaves eftheathatoyeléric ety i al
(N - AIN) évl?cfQu[?Og‘.At hin the w de bandgap alum numnitride material (AIN) 130
bet ween tﬂe irst and second surfaces of the substrate 120D. The N-type

al um num ni t r i HE. 32 iustpatelant epergymomversin dekice 1AFERN) In 1156 Exadnspld, dhenteglht emitt@eni ¢

contact with the.fir ductor .141D. A seGo type. semn uct or . f.or m ng
dopi ng gagneé%'l ‘ge(‘:'fcgoms EOO%C{F%Breéernéﬁrﬁlelé%or?sllsscf) Plﬁayg a %@é‘f ﬁ‘f/ %ﬁ@?cﬁ%ﬂ‘i‘?‘%

(rjreth hgm@ (iﬁl[s’éll)at(,ing<'a\s@ﬂa§115altesen?}a(mralairstcI drdra gcond dhirface tHBOmd, 1|de 'Biesligrl:iagn'eﬁrigum

i hydrate [ Mg(TMHD) 2], .for provjdi magnesi um . i s appli to the supstrate
Toob. | Ceheriy deAAoR i orE biRdhE oBF PIEPHATg AUy S0paRput

i nsi de of jid@csdReddas ©182dtigaBorm a P-type al um numnitride sem conduct or

material (P - AIN) 160D within the wi de bandgap _SUBSTI TUTE SHEET (RULE
261) 42 A transparent wave guide 200B is defined between a first and a second surface 201B and

202B. The transparent wave guide 200B may be formed from various materials such as glass
25  materials, polymeric materials or any other type of suitable material. The second surface 202B of
the transparent wave guide 200B is bonded to the first surface 121B the one-piece insulating
substrate 120B. Preferably, the transparent wave guide 200B is bonded to the first surface 121B
of the insulating substrate 120B by a laser fusion process or any other suitable means. A
reflecting material 203B is affixed to the second surface 202B of the transparent wave guide

30 200B.
The transparent wave guide 200B acts as a diffuser for diffusing electromagnetic radiation
from the light emitting energy device 105B formed within the one-piece insulating substrate

120B. The transparent wave guide 200B effectively increases the surface area of electromagnetic
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WD 2010/ 065099PCT/ US2009/ 006329 al uminumnitride material (AN 130D
between the first and second surfaces 431D and 122D of the substrate 120D.
The P-typ®oabuwicsnsn nitri de sem conductor material (P - PATNS2008005320r ns a
P-N junction with the NNtype alum numnitride sem conductor material (N -
ALN) 150D. A second conductor form ng thermal energy is concentrated on the

substr at qa&mg&,éeﬁignt%ﬁg &onrdygdmr 142D in Chmic contact with the
P-type alum num nitride sem conductor material (P - 160D. The second

conduct or 14251636 Bpstaates iapluralitn ahenerayicanyeasion devicel 45Cr afi the prsernt ingention 1 D,
Al um na e o e o e e e Lt P AR o
di rect enlecatpd aothe evediof thelildipg stuctiiaBOEG.1 Thppbrdity bheerBowardsibs dedek Pul se
e SR SRR SRR SR RS R SRR T
AL203Nd: MAEsnebdohtsagien devieenvesG diingmisesa platdoltain enedgyNSveasion devied H3gtih
Conduc- NdéoﬁAb%ﬁ&no\%i gls%ﬁarn%iqggthegtgrr 1017864T1{23n§oﬁ¥ rl‘i%]ltllgﬂegter\é\q}ﬁ&eor}%ehpl%ﬁtiynoq
energy conversion devices 105G are shown interconnected in a conventional manner for heating a
liquid upon the impingement of electromagnetic radiation from the sun. Although the plurality of
10  energy conversion devices 105G are shown mounted on the roof of the building structure 108G, it
should be understood that the plurality of energy conversion devices 105G may be mounted in
any appropriate location.
FIGS. 37 and 38 are more detailed views of the énergy conversion device 105G and the
solar liquid heater 107G of unit 111G. The energy conversion device 105G includes a frame
15  support 210G comprising side supports 211G and 212G and end supports 213G and 214G. A
back support 215G interconnects the side supports 211G and 212G and end supports 213G and
214G. Preferably, the back support 215G is made of an insulating material as best shown in FIG.
38.
The solar liquid heater 107G comprises a liquid conduit 220G extending between an input
20 221G and an output 222G. Preferably, the liquid conduit 220G is formed in a serpentine path and
in thermal contact with a solar collector 225G. The inputs 221G and the outputs 222G enable a
plurality of the solar liquid heater 107G to be interconnected as shown in FIG. 36. The solar
collector 225G provides support for the liquid conduit 220G. In addition, the solar collector
225G provides an increased surface area for receiving and collecting solar electromagnetic
25  radiation. The frame support 210G supports the solar collector 225G and the liquid conduit 220G
within the side supports 211G and 212G and end supports 213G and 214G.
The energy conversion device 105G comprises an insulating substrate 120G formed from
an insulating glass material 124G. The frame support 210G supports the insulating substrate
120G with the photovoltaic energy conversion device 105A disposed within the insulating glass
30 material 120G. The insulating glass material 120G is spaced from the solar collector 225G
creating an air space 230G.
A first wavelength of the electromagnetic radiation propagates through the glass substrate
120G to impinge upon the liquid conduit 220G and the solar collector 225G to heat the liquid
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Si Nd: YAG15430010. 9Si | ane 30 psi (N-type)532 nm wavel ength

MyNd: YAGL54. 230010. SMy( TMHD) 2 30psi  (P4type) 532 nm wavel ength FIG 34

i1l ustratwe 2amw/@em®pgy conversion device 105E. In this erammiseqootnhnes29

phot ovol tai ¢ SUBSTI TUTE SHEET (RULE 261) 43 WO

2010/ 065099PCT/ US2009/ 006329 energy conversion devi ce 105A of the present

i nvent i ongjug, GRURLGE doRddit V8YE IN HEordORAVeleAs@NEr ik et rbiasteat itidatfabst r at e
120A has a first and a second surface 121A and 122A. The photovoltaic

devi ce 10#bsorbed Hyshemphotayioltait devicecl 08Adondeneratingelagiriselingyesubst r at e 120A
bet the fi e :
etween the 'fa@#c?lﬁggh Sﬁxt%P Oy PEL e ;eﬁe}{éoxﬂ%e&@ ati afagoﬁ%g ﬁr tgﬁ tcljlql\ﬁﬁv e

gui de 200A is etween aTirst a second surface 202A.
The t r ansqaden?20Gaand thy stk calktor 225G leinftior wadlehgth ranga of 33%5nme0&ninallistheuc h

as glass materi .pal yneric nma | al s any .ot her type of .suilahbl

ot or 1o SEles B bl 0% Rl o e BBEm B d 43R 2.

bo n]ged E) losi]lidbﬁ ﬁirbfds (Sieyplicaewlitdié therfheonoesiop dede lit())Gu rrge i;el&gndrs]uh%elemgmefﬂﬂOA.

Preferably, the transparent wa ui de 1Q0A j s ed.to the first surface
ToTa’ B0 dicrpRasieHo tRanPhasottet b Bt hdorasyedior SOM it B S HIERELE any
ot her sui{@he10®aRs. A reflecting material 203A is affixed to the second

surface 202A of the transparent wave gui de 200A. The transparent wave
gui de 200A actBHGed0 Hustrsies apepagnsonyersion devaee j0aY of thegrressptepyratipn nrtheifoami on

into {fe mOJogl\smeggh&o@d?érc%gs\{ 58 aPp S14r He kB 09H1 B ReatilE wARE- PHEGRrey
insulating 15 substrate 120A. The transparent wave gui de 200A effectTvely
i ncr easescanh@sisuiddviced 05H essimflartth theghergpeaiversion deviesr 1§y Gabowe m FIOS A36-Fus

i ncreasing thenelectric power, of hpt,0v.0 | lce 1
F'G 35 111 ust PRcBe ek onRaIg el R PR GOIAL SiBRea Rl ERteiciiaes | o
| i ght em 211H SEh g YoldeNdquidheh@d BOTH irctvdesd kpidhéoniduiv 220H forméedsincaosapestihet 0 a

wave gui de 100B. A one-piece 20 inpsujating s raje..120B has | rst and
a second Rt F’&E‘é‘l‘%zli%wa%ﬁa‘&??ﬁ gzlllkgaﬁ“{ @‘hf’“‘gﬁti %g%‘ﬁ@ﬂb‘g Cﬁgﬁlkgz%ggni s
for megs Wi thBinfal EdheacORRh REQERol1étdH 2281 BEppoHESEY thé RandeQBporeb veren the first and
second surfaces 121B and 122B. A transparent wave guide 200B is defined

bet ween a fir sthegnergncawersion dsvies HSE oappmisesria inspbppipg supsisate | 3L framed fromay e
gui de 2008 i'ﬂ?tﬂat*ﬂg gfa% e A tﬁyﬁhdmoﬂﬁii: @Jle?g}s&ﬁber?ign 8EASS105A disposed
within the insulating glass material 120H. A first wavelength of the electromagnetic radiation
propagates through the glass substrate 120H to impinge upon the liquid conduit 120H and the
20  solar collector 125H to heat the water within the liquid conduit 120H. A second wavelength of
the electromagnetic radiation is absorbed by the photovoltaic device 105A for generating
electrical power.
The energy conversion device 105H comprises a water input 240H, a water output 250H
and a water recirculator 260H. The energy conversion device 105H is controlled by a control
25 270H. The photovoltaic energy conversion device 105A charges a battery 280H for powering the
control 270H. The water input 240H comprises an input conduit 241H connected to an input
valve 243H in fluid communication with the input 221H of the liquid conduit 220H. An optional
input pump 245H may be interposed in the input conduit 241H.
The water output 250H comprises an output conduit 251H connected to an input valve
30 253H in fluid communication with the output 222H of the liquid conduit 220H. A temperature
sensor 255H is located for measuring the water exiting the output 222H of the liquid conduit
220H. An optional UV treatment stage 257H may be interposed in the output conduit 251H

The water recirculator 260H comprises conduits 261H and 262H interconnecting the
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25 materials, polyneric materials or any other type of suitable material.
The second surface 202B of the transpargnt wave gui de 200B is bonded to the
first surweceloli#gi®ot he one-pi ece insul ati ng substrate 1POBUSBIRed3abl y, the
transparent wave gui de 200B is bonded to the first surface 121B of the
insul ating substrate 120B by a | aser fusion process or any other suitable
nmeans. A §ighltgive DSBHES ﬁ)@'lﬁﬂut 291352431{ afaf fediel1atiflg pidap 26319 Mintddpdsed BetwodB Of
t he transparent wave gui de 3020 The transparent wave gui de 200B
acts as athéWr!du%Se%lH(ﬁﬂdaﬂKu& ng eI ectromagnetic radiation fromthe |ight
em tting ener gy,flemh GardiORBaifdfedBilto e inBut &ﬁxd@l’i‘eﬂ@He&etﬂen@%@Hd g 240H.
substrate 120B. The transparent wave gul de 200B effectively Increases the
surface aPweferably, dieemttte@merlls paSBSTouRb TEcEMBRIPNEIRULE pZ@l)O entaringOnput
2010/ 065099RCT. / n.gr in n

devi ce> oot 24{7t HE RRgRe puhB Rl ) b P Bty biitheed 1 b RT BER

devi ces 1thb@tahativeighgueratet warr enyiflon byosive df gravity ibtei the:lmpgt amdmczumhoﬂOSG
The pl uraI |t of by conversi on devi ces 105G are shown | ocated on the
roof of tH H‘?ﬂ”&g gtructure 108G. The plurality of energy conversion
devi ces 105G i ittedde wahe iChatedywiaom MRINifu@colgit 2B 1 Heati tebatihg the eeltréfieduni t s
111G and 112G _Each of the ener conver si on devi ces 105G conpri ses a

phot ovol t ¥rEr e GPEBHTeIeases r¥5géwfé‘é‘“§°€)@ﬂ\ terppeEaivigioh e WenFxipneathe gptapt

li qui gy hegdogf otk Kauid RSP A | i GHirdinipRlng o thd Waler %fsum%nmo%ﬁie&l&yreﬁfthe
energy conversion devices 105G are shown interconnected in conventi onal
manner f owathightei tregted Waten is disahprgad frim therputpefenpdut ZiﬂHeIPet@m@ndglﬁ\éthle@ﬁnent

radi ation |

Govi ces. 15uE A7 H B élbitBHoe! Vb BlniliBlel bbiain Raae R ERTMEES Pi o
it shoul dplfredU¥rradietin sbiwae istaveidpbatdgap tytend] pmas@aso@scimed;th aal/tuoels
105G may b unted in any appropriate |ocation. FIGS. 37 and 38 are
mor e detaqe%gowsélﬂg of the energy conversion device 105G and the sol ar

l'i qui g5 heat er HG74d mfustwmstthelalpqgsiatulbem}ww SNthGRIWABIeS poxTticha icireuldid Bfe wat] udes
a frame 15 support 210G conprising side supports 211G and 212G and end

supports 1 theexsiythe torapergturg of fhe Griting hsouipyt B2Epfibcliqud epnduit 20H5 thshor t s
211G and 2l 2 Sachie qp@%ﬁtsvﬁ&e%ésﬁn %e?&aép@t vallED SRR the &é&%&m@h pudgpor t

215G is made of an Insulating material as best shown in e sol ar

| i qui d he2$3d intkOtheSpenignsisbexsn @ FiGgdd Tb@mam is @Q@@aéeﬂtthmg}n@eﬂamd@@ndtah

:c nput 20 E%Puxﬁﬁ%ea@mgé&tﬂtéhof%ﬁ@%tef {ses(lﬁic t ¥ pr {> 'tée& Qw%fépd%ére%@f’%é S
orned in“a serpentin din therm opn a sol ar ect or

225G 20 hecompmmmﬂ:hﬁteanhb inpet ailMeP48H, ﬂ@wpanad:}wﬁi%}binw thk ipbgitiafs shéven 8ol ar

l'iquid he r..107G to. be i.nter.connected n FI.G 36. The

col | ect or TE5a8 AP AERS HyGrFIRIRE PHEP| ot ' Doheies (et YHSTSB dfon,
t he sol ar o@pﬁtlc&ﬁuqmmSG provi des an increased surface area for receiving
and col l ecting sol ar el ectromagnetic 25radi ation. The frame support 210G

supports the séhﬂawgle dhelinvangien bascheen desctibrel injilg predereed famm wvith Aertgin degte ehe

si de sup pgz{rﬁaﬂ @Hﬁde?s&%@ 5 theSRE e URRRSHE o?ﬁ'l% Gr@&Hbd4ddhEhas been maddfly
energy cohversi on eV| ce 105G conprises an insulating substrate 120G forned
from ah i hgwhnef exgmpleasd thatinumeéreys chanpes inTthe dtailsrad censppesion apd 0@ ogmbp’@ws t he

105A i spReCHPREE R Eof RS A R B AP LGl Bt A BRI RTIT

gl ass mat aivelon120G i s spaced fromthe solar collector 225G creating an air
space 230G A first wavel ength of the el ectromagnetic radiation
propagat es through the glass substrate 120G to i npi nge upon the liquid
conduit 220G and the solar collector 225G to heat the liquid SUBSTI TUTE
SHEET (RULE 261)
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45 WD 2010/ 065099PCT/ US2009/ 006329 within the liquid conduit 220G A second
wavel ength of the el ectromagnetic radigiion is absorbed by the photovoltaic
devi ce 1086 20mvosg®@per ati ng el ectrical power. Typi caliryus2adamod3ny st

wavel ength of the el ectromagnetic radiation absorbed by the liquid conduit
220G and the solar collector 225G is in the-wavel ength range of 750 nm 106
nm Int lA§MESS 14:he i nsul ating substrate 120G formed from an
insulating g gg% erl a}§°124G and a silicon carbide (SiC) photovoltaic
ener gy conversion device 105G The second wavel ength of the el ectronagnetic

radi ation, abs e t,oyel.tal ' hSid ‘%{%I h
range of ﬁ'o- 3%%1‘%8%%%?%?’ 34%091|dl %&gtegﬁg%g&g%gﬁeé%feggieg Sio éd%gl\%& ce
105H of the prieserh elenv@emdgnetic amd ddvarichbenergyOaimmisingrthe stens 9fhot ovol t ai ¢
devi ce 105A and a.sol ar..heater 10711 for treating water. ener gy
conversi on ded®ddigsa ﬁlﬁiers]baghgﬁpl Sﬁ?"c‘[OBd‘fcﬁoé I’é%eé}agi;}a‘%%%é?s{sﬁlo %Qgegﬂ%ée 105G
shown in Fl GS.apgfingSa doping gdeo teefirgtyddpe tegion of tidewide bafidifap senitohdwbes a
frame support 210H conprising supports 211H 215H. The solar liquid heater
10711 includes a | MA™®hconduit 220H formed in a serpentine path extending

bet ween an i npd#ec&%%k' tR&HhaPRn&tRY BEAm 22 the TRt ldopkdl fbgfoaneiUthe wid@ Ibhndgpi N 15
thermal contact wth a solar collector 22511 sugﬁ%rted by the frane support

210H. The enérjiFordisinsmanterinl davihe erasemg eloHisr feping &#F f%sﬁﬂn&‘i‘fiﬁ% a
substrate 120H for ;;;%ﬂiofnro?me?fﬂse d&gkﬁ Rkl lh,a8onlRbAd o ioé%ﬁe%mahh@atpi g

phot ovol tai c energy conversion device 105A disposed wthin the insula
gl ass material 120Hemikofiductr maderel;endt h of the el ectromagnetic radiation

propagates through th | ass. su rate i, M} 4 qui
ondur't 1201 ARITEIAE Dot SR Sk i irndBh BERe R Aop e b,
liquid conduit 120%XHe wileberdpagp ssrmivaldatgt hatefialt he el ect romagnetic radi ation
i s absorbed by the photovoltaic device 105A for generating electrical

power . The energy conversi on device 105H conprises a water input

24011, a yat erTiUiBss PMEkARE R1WARS edeS] donversibRldevibO b set Irtienedighh 1,
conversion device 105H is controlled by a control 25 270H The photovoltaic

energy conver svhsicindhg step pHBroviding gevide bpndear symisgmiyctos matesigh hryipe eHist
trol 270H. . i ; . i i i .
con 1 STOK T i S0Pt BB

connected to an i nplt va . nication with the input
221H of the |ifijemdtheogrdep tcoR2Ging. of\silispn i cortade, i gafinm mitmde,2 4B minymynitide,

i nterposed in t.he ipput c uit, 241H The wat.er ,,out 250H conpri ses an
out put condui tél?g‘ﬂ#’]Qgﬁwgggg%lcatr%maéoﬁoﬂ[r)lh d?/%ﬂd\%llﬁlgl @E’%ﬁa?eh fluid
conmmuni cation with the output 222H of the liquid conduit 220H A

tenperature sensor 255H_ is | ocated for neasuring. the water iting th
out put 223H of Therropsss Qf akimg du ‘gf%flfne)iﬁ PVEIBIRH deTIE £ é“éﬁxﬂ‘%}hf“ @f“&bi’ 257H

may be inter poggéteinnhd Bep Q4 pdidif@AWidE bamdedy sdMRoN@icR ridérial Galiag arfirg6OH
conprises conduits 261H and 262H 1 nterconnecting the = SUBSTI TUTE SHEET
(RULE 261) 46daned 2exiey oasuserrryy idnzeovide demizap semiconductor material having a p-

type doped region; and

the step of directing a thermal energy beam onto the first doped region of the wide
bandgap semiconductor material in the presence of the doping gas comprises
directing a thermal energy beam onto the p-type doped region of the wide
bandgap semiconductor material in the presence of the doping gas for
converting a portion of the p-type doped region into a n-type doped region in the

wide bandgap semiconductor material.

4. The process of making a solid state energy conversion device as set forth in claim 1,

wherein the step of providing a wide bandgap semiconductor material having a first

SUBSTITUTE SHEET (RULE 26)



out put valve 253H to the input valve 243H. A recirculating punp 263H is

i nterposed between the conduits 261H apd 26211. Untreated water is

di rect ed wotoiwdssoopnput conduit 241H of the water input p24aid2008m0ad3ey abl y,
the untreated water is passed through a conventional filter prior to
entering input 5 conduit 241H The optional punp 245H rmay be an

el ectrically PleBdn WmBridR M idiNg BB bdrdedp \@mAddnidat hXtrial tHAGing AtH- eat ed
wat er nmay f|0%8§ gt |non g? g?’awltlygl nto theglﬂr}gut conduit 241H of gt he
wat er i nput 24ﬁidd0pedregldn1a1‘éat ed water is heated within the liquid conduit
220H for heat tr n t e 1l SARE e wRpH
nmeasures the tt% gté ?g}ré&lmgu‘lt ﬁeﬁﬁz{éfegﬁ bg%?noéﬂzt H‘té’ out% 4] %grgg gf t he

i quid conduit 220|Handgiip tséreicomivo®r anaserel af tltemesnaceeof tl‘s dmfnglgasentnptl@S

properly treat the water, e treated water di sc from put
conduit 251H An oﬂfrf"dﬁ‘ﬁl ER?"f’?le%Heﬁ%'nPeag} 88 %‘%ﬂ-ﬁ?’? r 3 i afe O ?1 r ea ed

water with ultravi ehfigap agthi¢dn@ictdo ndtdriah ein ﬂmrpfeyent:aeoﬁ/vateeﬁopﬁgegq@rﬁfrerred
UV radiation source is a wde bandgq:q? naterl al processed gjsoa sc) 0s e¢

herein and tuned t GORNGTHEARITEN oftBg-p-¢ype 4oPqd TEE]SR g 2 B- SRR A G
FIG 39 with the V&ye.nRs dehMdnli@tsrimdisHaat e the water. In the event the
tenperature of the water exiting the output 222H of the |iquid conduit
220H, the control 270H actuates the input valve 243H, the output valve
25311 andgthe ' 40.
The wat er s rt:g rcu? %‘Qﬁﬁg ngﬁé %n@Ic%g' ﬁn‘g%ﬁ%:d%“‘%%%&ﬁ% inrhlﬂnq

t enper at ur e ofwlidngn W&tseap qfsppluﬁrgmciopmg gaptotho fest do)petirr%(m ofthe waﬂiee}andgap
Thereafter, the 20 ontroIt 2710H act uat eé the in ut vg s\e/:fecte tﬁ gpol{l&)put
val ve 253H i nt®5™i998 ‘bcd%rl PrisHal SHRRESCT APRYEE B4oRRY SR SRS M ¢

reci rcul ati ng doysitingostthitrogesil &@hahgelumlnemi,rmat(adylv\&hwnej tloomivng Burpgumn
conduit 251H. Al t hough_t he i nvention has )laeen described inits
preferred f or - OnTerametiyl 3 A, rotpne O’Eﬁ‘e?%lr‘ﬁ?th SEFMPR. it s under st ood
that the present disclosure of the preferred form has been made only 25 by
way of exanple and that nunerous changes in the details of constructi on and
t he conbi hat i ohheapracass phmgking atsobifl spta ensTayespnpwssipr deyiceas 8¢ foith Wodum 1,

departing fro T
(ROLE 260) 4P et oseas B e Blsart S N e B e o
process of nakiemgcondsdr rateriad tempnes gying o dopans sadevtedcfvane thef groupcepmpeistd ofg
ener gy between .el ectronma net and | ectrical risi th t eps
of : , provi di ng™ go%ﬁ“dgluﬁl b“’é‘?el}ﬁ“c Al cSP it Seerelna('j!ﬂ¥ﬂ a@% ﬂgul r s? I%81?3ped

r egi on appl yldwamedﬁmhnga@aﬁumand&@gén.r st doped region of the w de bandgap
sem conduct or material; directing a thermal energy beamonto the first
doped regi on of the w de bandgap sem conductor material in the presence of
the dopi ng gastfOprotRR Ve hlakirg aasoﬂlgrsEdté)Ehe%y $dnferbioh Sevide RE Skt 6 ﬁﬂclhlﬂ{ 0 a
second doped region in the w de bandgap sénmi conductor material; and

appl yi ng a fi rehereindhestercapphngpia dopingraas ta the &irst Hepadi regien afthe pride anded
doped reglons s of
maki ng a solid H%@@%ﬁgﬁﬁgﬂ%@?%ﬁ@gﬂg Qé{)sl ggsr (gdrt%lw%Fn al?{mgt%ﬁls
wherein the stiqyimyf aprvelench rsgfﬁa;mmldegbauadghﬁ smm\@tmdmcdfortherra&iémwndmi ng

fi doped ' dga
mat or 1 a1 6l ectBH-PRBIP R G SeprouiReraa Ag s -oRF VAT el i ASP G of

nitride, alum {peRidd bandes. seicandithr nehitétand | i ke carbon, boron ni tr| de and
gal | i um phosphi de. 3. The process of nmaking a solid state energy conversion
device as set forth in claim1l, wherein the step of providing a w de
bandgap sgm CO@ﬂélgfoeéss PRkl a Si e Bndriy SdnvEQRAICVREI29BetFOAR M &8N 1,

providing a w de bandgap sem conductor material having a p-type doped
region; and  wherein the step applying of a doping gas to the first doped region of the wide bandgap

semiconductor material comprises applying a doping gas containing a dopant atom
having a valence sufficiently less that the valence of the wide bandgap semiconductor

material to provide a multi-electron donor within the first doped region of the wide

SUBSTITUTE SHEET (RULE 26)



the step of directing a thermal energy beamonto the first doped region of
the wi de bandgap sem conductor naterial,d n the presence of the doping gas
conpri seswoiznealssodg a t hermal energy beam onto the p-typeTdsp@d/ooasgs on of

t he wi de bandgap sem conductor material in the presence of the doping gas
for converting a portion of the p-type doped region into a n-type doped
region in the ggnq%,bs@gl%g@uc?&rg&%guctor material. 4. The process of naking
a solid state enerdy conversion device as set forth in claim1, wherein the
step of providing a wi de bandgap sem conductor nmaterial having a first
SUBSTI TUTE. SHEII:‘;\I; ér%yésg ?%}(ingzps Y%Qs?a?é‘g{eg&B&ﬁggggﬂ WSRO0 &Q%?Iﬁlg'ndc%?ﬁﬁ,

regi on conpri ses provi di ng a-w de bandgap™sem conduct or nateri aﬁ havi ng a
n-type doped r edeérein;thastep dfupplyinephofirstandesetdnd @hanit hertant coreprises gprbgagrthont o

the first doped regjon af.the wd and em conduct or terial i.n the
presence of th rsﬁlﬂ'gi: Sr‘i‘gor@a(%hr‘&‘fiﬁ%'?t?cgé‘gec&?d?%%? ?}ngr%{‘ptcﬁg?lﬁﬁ]lg oﬁ’}ed?‘br? Yeam ont o
the n-type dopgf laegi@ithedized bugboni ribh cortid@ap seni conductor material in the
presence of the doping gas for converting a portion of the n-type doped
region into a p-type doped region in the w de bandgap sem conduct or
material . 15. Thee P(o@@s@%? nikingakiohd statd SMer@) SndérSioR ABVIBY as R YEHIS inadhaifel,i ce
as set forth in claim1l, wherein the step of applying a doping gas to the
first doped reyheminothetsplid fatseensegyaepapersienidevierl groduges rlgcapmagnetip atistioas
appl yi ng a dopj t I i Std [ ,
T ot Dyl al um o BB B L R R PG icg gt
Tet ranet hyl 3, bperite pt ahgdiemittitgdean. di et hyl sel enium 6. The process of
making a solid state energy conversion device as set forth in claiml,
wherein the step of applying a doping gas to the first doped region of the
wi de bandgap sght paesdif arakivit £5dlidl state et fys@mversion Gledicel apsatforste inedsiad] ,f r om
the group conprised of nitrogen, alum num, chronjum _boron, europiu
sel eni um gal | PR tHE FQldrAate SCERPONYSHER devicemsPdners sherd P%‘ﬁﬁré’ﬁg"efig} en.
7. The processfaf sHRkiddgd Dhat bohiidi@hFoncRe bEplicaRsly 6 SbAFdnfABNEtR radisticnelo
forth in claim1, wherein the step applying of a doping gas to the first
doped regi on oPpartie anp plotoyolaigaevisem conduct or material conprises appl yi ng
a dopi ng gas containing a dopant atom having a val ence sufficiently greater
that the valence of the w de bandgap sem conductor material to provide a
mul ti - hol e2accapdolid staictenengy torevefsiansievidgpeniprisigg:on of t he wi de bandgap
sem conductor material.. 8. Thed\f) ocegs. Plliavﬁxalgt{]rgtc% s(ﬁrlei% state energy
conversi on devp&adeRandgap sprjcopdicior malgnal havings Hrst qopEdelony s aopl yvi ng” of a
dopi ng ?as to Uk@cd‘nidrcﬁ)lbe@mgm fogedh Sfu witkin i piﬁt_idﬁﬁﬂﬂg}g@ ﬁSﬂrﬂopm&giﬁh@y
mat eri al conprises applyi ng a dopi ng. gas cont ai_ni Qpant_ at om havj ng a
val ence sufficientl 9‘“?‘3&@%3‘%}?&?3@%@%9‘?3@}1@30 Bﬁ“‘?ﬁﬁé‘q&ﬁeaée% K Jhspresence ofa
sem conduct or mat er j@lind PadPfoR \tbikRrtin bitiof |0 GhidOfirsl @} r%ﬂf'liﬁto tah@cdrdr st
doped region of the wde  SUBSTI TUTE SHEET (RULE 261) 49
2010/ 065099PCT/ US208eneda@d»n athndgap semi conductor material. 9. The process
of making a soli . i (o} f I hm o1,
wherein the ot aitsEnassrSRECRHCRRKEL At AN B8 (R aRFlne SO bBaBLEL oo
applying the first afiiderlobandghpiamicodactet maetiadct ed from t he group
consi sting of indium alum num and | aser synthesized carbon rich conductor.
10. The process of making a solid state energy conversion device as set
forth in cizai malsolidh@dtebnergyhensabiofl detied & senfirf)in chafiv @2 swheteidehd woid gtagduces
el ectromagnetic radi ati on upon the application of electrical power to.said
first and secoRBCTERFANYCEIORISKESOREAEHAS 2A1eht Sitting deyiRe toém);‘{"f:ﬁ clAeEehc 11,
The process of JRkioR%updnSAL | AlpBlaBbf ENEHItaC BOVE' B Qi FRMI £/ REorRIEOMRY t h
inclaiml, wherein the solid state energy conversion device produces
el ectrical powspntads.ween the first and second Chmic contacts upon the
application of electromagnetic radiation to operate as a photovoltaic
device. 12. A solid state energy conversion device, conprising:

14. A solid state energy conversion device as set forth in claim 12, wherein the solid state

energy conversion device operates as a photovoltaic device to produce electrical power
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a W de bandgap sem conductor material having a first doped region; a second
doped region fornmed in situ within a pergion of said first doped region by
di recti ngve 20tvercs@b energy beamonto said first doped regirars2000/004329
presence of a doping gas for converting a portion of said first doped
region into a second doped region; and a first and a second Chm c cont act
connected to %@b&eﬂ!tﬁeﬁ’ﬁrs@%’d tdi6nd BRI cslRRRIuS0RGhO BSpIRAtiGiRb e ¥d tidhabAGEg AP
sem conductor nmaterial. 13. A solid state energy conversion device as set
forth in clai mdi&ionpsherein the solid state energy conversion device
operates as a light emtting device to produce el ectromagnetic radiation
upon the application of electrical power to said first and second Ohm c
cont acts. 1514. Thespbéeds of avakirgnasglyd cwrevbglsianttilg\deyizeds aseubsfrate taff a widsl ai m
12, wherein tgge ﬁ§ol id state enerqgy, conversion device operates as a

phot ovol t ai ¢ F2UT&R SEP'°BP E?éénaéﬁqéhf?‘i“@é?m% {FPS CUBSTI TUTE SHEET (RULE
261) 50 V\DZOJ&?}@@iﬁ@&%ﬁ@%dﬂsgﬁﬁs?hﬁ&ﬁae&omﬁtmnam@a fitst ddpednegiaecond Ohmi ¢
contacts upon the application of electro neti¢ radiation. 15. .Th rocess
of making a sdPPEINg &dePiPg At t%metéfr"h@l"ﬂ?ggg%%“f’ the” Widsdperdeay Simicongpcier
bandgap sem conductftefppt eri al, conprising the steps of: providing a w de
bandgap sem conductor material having a first doped region; applying a

dopi ng gas t o ditsetifg psthersshsterer Peam oo thee figgt deresh rraipinok diei wilsked g
material; directin : I h 0 g d ks of

t he wi de bandgap sg’?nlﬂ}:cgﬂ J@o?gt%{lg%ﬁi @Igaé%lég? eeofnlrﬂ%sgér‘nrglzé ggpgﬁecﬁ‘g%liu?\% agas
for converting a pootticorofdie finstedoped sigicnopted seepd dapédegion i the ovide brodgap
region in the w de band sem . condugtor material; and applying a first and
a second Ohmic contsglgfcog(gpcf%énaft?nrag’tan nd the second dopedpfeéi o%s of the

W de bandgap spiyiapuifiet 4id setaid @imickontadihe therfistand thefsecomididogedregiohs off
state light emtting device ,as set forth in _ctai m 15, wherein the solid
state energy convert8 Wifedandeae sgpis Or @Ak onagnet i ¢ radi ati on upon the
application of electrical power to said first and second Chmic contacts to
operate as a light emtting device having a color tenperature that is

bet ween bité.ght Thei praesss dymaking a saHd state el amittinggdevice 1ap_setfrttpinpelaigy 165
maki ng a sol i i it ki : t Red j¢d .
wherein the sotfanint S o el ARHLER (8T8 Blod 08 HetPnfgMThdaon |
radi ati on upompohehappplication ofi elottriedleptwer dalsaid divetr artdosesand] Ohimis comdants econd

Chmc contacts to.operate. as.a light em.tting,device havjng. ol or, .
tenperature t K a% g%@ﬁ\‘é’é N B Te ﬁ'[qwﬁ'f g‘ aye &a%l?rgtﬁlflpgﬁ reat}/lgggg%e%gg ﬁ“&m .
18. A solid stmaidday daylightand averdpg daldighrce, conprising: a w de bandgap

sem conductor material having a first doped region; a second doped region
formed in situ within a portion of said first doped region by directing a
thermal engr gyTREZHQRIHT maisk hisoRl sBAPAGht &GitiRR dRidehd RE esENGE clafm a5,
dopi ng gas for converting a portion of said first doped region into a
second doped rhgrein; theselid SeRSTECTRYTENSHERT defck Proggegs electromagnetic radiation

upon the application of electrical power to said first and second Ohmic contacts to

operate as a light emitting device having a color temperature that is between bright

midday daylight and average daylight.

18. A solid state light emitting device, comprising:
a wide bandgap semiconductor material having a first doped region;
a second doped region formed in situ within a portion of said first doped region by
directing a thermal energy beam onto said first doped region in the presence of a
doping gas for converting a portion of said first doped region into a second

doped region; and
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51 WD 2010/ 065099PCT/ US2009/ 006329 a first and a second Ohmi c contact
connected to said first and the secondzqoped regions of said w de bandgap
sem conduwwoanivas®@pi al . 19. A solid state |ight em tti ngCiascee/as2%et
forth in claim18, wherein the solid state energy conversion device
produces el ectromagnetic radiati on upon the application of electrical power

to said first afg @89%@&@%9(; EQHUREbrhebBd RPGIPHSt AR tRe SdcBRtf dpall tpidhe

devi ce having a color tenperature that is between bright m dday daylight
and average dayl i ghfsai@®ide/fanddap demsiconduciohmatevial- t ai ¢ devi ce, conprising: a
wi de bandgap sem conductor material having a first doped region; a second
doped region fornmed in situ within a portion of said first doped region by
di rectingla t herolid stareclighy coeting alevioe aaiset forthsin drime i, rveligrein the) selidestate

presence of a dopin as fqr .convertin ortion of. said first,;. d
region into a egﬁpgﬁﬁgn‘%ésb%'ﬂg?véﬁel %rﬂ,“cﬁﬁﬁgﬁg‘f‘ﬁ?@fzﬁ%ﬁaglagogél ghd ed‘ﬁ%hgﬁggnotfact
connect gd t 0 Seddchichl 15(|§ireradﬂ daill Eﬁstf‘aﬂd @é’tdmdlf@pﬁdc bﬁgﬁcmsnfb Qfelraﬁeihﬂa Wgliteentiningdgap
sem conductor material. 21, The process .for makjng a. i d-state energy
devi ce from arfleViie BrPung dgolaienpetue tﬁﬁﬁbg?t??ﬂb{"i‘%‘é né‘g‘%b’sdgﬁlfg?ht ﬁ?‘bﬂe{ﬂggg a
substrate of apyjigpgul ating material having a first surface and a second
surface; conver%i ng a portion of the insulating material of the substrate
into a first type wi de bandgap sem conductor material; converting an

adj acent rti f | I -1.al. of the substrate into a second
type w deﬂgandggodﬁssgrtng odﬁ%?:&%%ﬁd%ﬁg%’g%gf&?% contact with the first type

w de bandgap sewidebardigep samipetdectominatepaldaiidg adirst dppedgegiownduct or i n
electrical contact w.th the first t.ype wi.de bandgap i t,or. .material ;
and pr ovi di ng hesendfiertd ghgian (e ¥ Bt i IRREANCEN AT s tealBB RS ¢ e
w de bandgap sem cdig¢tigQrthériabénepdy. bem.onfdwaidofirercdipsd tegionnakhegesance of a
solid-state energy device gs set forth in clgi m %% Zgne%ei n the SUBSTI TUTE
SHEET (RULE 261)  59P¥A®) 289 1oF eRsser§8@ Rortifsb 8b 8716 36 APPEY o {Ie 8 SEFlf gy

device is a photovbha egiehedndy device for providing electrical power
between the first and second conductors ugon ié_’r})i ngenent of el ectronmagnetic
radi ati on. 23.2 fiiskandragiceens Glypic santpgonnestsiiteisad frsband by gtroad dored regionset

forth in claim2l, \whgs .i&ﬁaﬁﬁ%a?%linﬁbﬁ&&?cﬁn%&fagy device is a |ight

emtting energy device for emtting electronmagnetic radiation upon the
application of electrical power between the first and second conductors.

21.  The process for making a solid-state energy device from an insulating substrate,

comprising the steps of:

providing a substrate of an insulating material having a first surface and a second
surface;

converting a portion of the insulating material of the substrate into a first type wide
bandgap semiconductor material;

converting an adjacent portion of the insulating material of the substrate into a second
type wide bandgap semiconductor material in contact with the first type wide
bandgap semiconductor material;

providing a first conductor in electrical contact with the first type wide bandgap
semiconductor material; and

providing a second conductor in electrical contact with the second type wide bandgap

semiconductor material.

22.  The process for making a solid-state energy device as set forth in claim 21, wherein the
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24. The process for nmaking a solid-state energy device as set forth in
claim 21, wherein the step of converting the insulating material into the
second t yWe micdes®andgap sen conductor material conpri sesTaseae0dény t he
insulating material into the second type w de bandgap sem conduct or
material to forma P-N junction between the first and second type w de
bandgap sem cQBRaLshR enl %Eah@é f-a photovbltfic BhAEE &S idedor PrakidNE dect@al fowdrat €
energy device as set for in claim?2l, wherein the step of provi d| ng the
first conduct d}etvmsnpthpsﬁsst fasdasgndy cpnqustorg, gipen cimpingemeah eif celessiomagnetig t h
the first typg, el bandgap sem conductor naterial; and the step of

provi di ng the second conductor conprises formng a second conductor in
OChm c contact with the second type wi de bandgap sem conductor naterial. 26.
The proc f Ki.n ene devi ce m an. | ul atl

subst r at gzc”sco(r)rfphre iPSTHg U ﬁm%fs%t"é(g Sglt“fgt tﬁregergg RG-SR oftg At &%t g Whern ﬁ‘ﬁtl ng
mat eri al havi rsghdacst‘ateren‘ergslﬂbfqaes alight amsteing akrguddvacedpr nitney dledi@magietigi on
of the insulati rraterl of the su rate into

seni conduct or 'f‘fg?té‘}ni 4pon ﬁPﬂbcaﬁo’fl ? %ecgb%bd’(?f”& eﬁ"eteﬂe?‘\?\n fg‘gt Bat F5eand
sem conduct or JgRdwREdrél ; converting a first portion of the w de bandgap
sem conductor material into a first type wi de bandgap sem conduct or
material in contact with the first conductor; converting a second portion
of the wigle bandgaResent marHpatokd- 5@&%&%& dm&eoasase%&ﬁwcmﬁpm WigiPaRdgap
sem conductor material in contact with first w de bandgap 'sem conduct or
mat eri al ; and steBUBSTIoRvSTEnSHIRETinfuRing  mateyial wovmezmmd)asmm bandgap

T/ US2009/ 0063 o] d - t W L h econd type
i do bandgap SomeChmlel?, BueR ABheRRA G ipd BuCRRLAR Wbl i BE S80RG

sol i d- st at e enggegyiddbandgep ssnis@tduttor inhtetisl te Ifa'rnm P& mmtt&mehemdehehesﬁretmnaf
provi ding a substrate aof i nsul ati material conprises providing a
substrate of éﬁcqnﬂMeé”f‘fl?lanqﬁ‘fpe?ﬂ‘fong‘g‘it%r&‘@Wﬁ?omthe group consi sting of
silicon oxide (Si02) and alum na (A 203). 28. The process for making a
solid-state energy device as set _forth in claim26, wherein the step of

provi di ng*a sul§Presees i1 mpkias prielid-stetesgeru deviceas Sébﬂ‘?ﬁh il elaing 2 byyheraigthy
gl ass subst ratsg(c¥ HeVidinehe %Tr?cpcogﬁuc@&n%% iSO fmf 1% gi?stQ:fomrilr&?or HSMALT N9

mat eri al of the substratelntoaw e gap sem uctor materia
conpri si ng coreeeiact with the fies bypa wade bamégaylsamssosdlmmglaé ‘:Bde) into silicon

carbide (SiC);; t rst _conduct or rlsesf rmng a
carbon rich SI gL}g %EEPQB’?Jdneg ?’grg&%%d Cﬁgduc e CO ncszeg#\%erltng ?‘Ind <‘f(m Cgorplgrtl on
of the wi de bandga@lﬁmcrbmmmohe smhﬂrty;&lwidabm@aﬁ sdmtoﬂdyaerm«éﬁalbandgap
sem conductor material conprises converting the first portion of the w de

bandgap sem conductor nmaterial into a N-type silicon carbide nateri al

(SiC); thes St emeOprocdpVIBF tnhdkéhg! Besoh@s@RIeRREy dOVIcd frohh@n WhnlBathandBsate,
sem conductor material into a second type w de bandgap sem conduct or

mat eri al conpreBREsiEgf¢stPs A t he second portion of the wi de bandgap
sem conduct or pﬁ'@ﬁ&ﬁg aal sdb@ttrzge df nt 1¥1Qﬁatﬁl'g| ﬁl&t@ﬂalcﬁarvmgdg 18t s%“a@e' ar(dsh Qeconﬁnd

surface;

converting a region of the insulating material of the substrate into a wide bandgap
semiconductor material;

forming a first conductor in the wide bandgap semiconductor material,

converting a first portion of the wide bandgap semiconductor material into a first type
wide bandgap semiconductor material in contact with the first conductor;

converting a second portion of the wide bandgap semiconductor material into a second
type wide bandgap semiconductor material in contact with the first wide

bandgap semiconductor material; and
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the step of form ng the second conductor conprises formng a carbon rich
silicon carbide (SiC). 29. The processshor naking a solid-state energy

devi ce asweeabimwsioh i n cl ai m 26, wherein the step of precrdisegmosabst rat e
of the insulating material conprises providing a ceram c substrate (Al 203);
the step of converting a region of the insulating material of the substrate
into a wde bagdg ' hadt GRS | sBEbrRORMR! Wil tandgagi On
of the ceramc su%t%ﬁ%&%ﬁgg%&)ﬁ?m%gl um numnitride (/%); SUBSTI TUTE
SHEET (RULE 261) 5emi¢pgnhdtQtod@8H@D9PC T/ US2009/ 006329 the step of formng
the first conductor conprises formng alumnum (Al); the step of converting
the first portion of the w de bandgap sem conductor material into a first
type wi de2bhandiepraess foondking arsoliditeteicatrgy dencd wesst foch vectainmgo, tvlerdin thet

portion of the w de bandgap m conductor. material into N-type al um num
DU de (Al N St repagng e BT g e ata i sepPhs Pt e St
bandgap seni cIdueisQratii@irRterial selddted fons e @rshptoppsstitigthe shizonl geide (SiO,) and
sem conductor naterial conprises converting the second portion of the w de
bandgap seni cohtigt hlQut erial into a P-type alumnumnitride (AIN); and
the step of form ng the second conductor conprises formng alum num (Al).
30. The process for making a solid-state energy device froman insulating
subst r at €28.conpeirseasss fohmaking gsobd-stajsrepenzy dechassabiorthin elagn 26 Wherrnthst i ng

material havi mrggeﬁgot{ f#o%%diq%ug s AGEa Nl He %&ﬁﬁﬂg% %‘arté(r%f %bmﬁlg&:tg ??&Ji@itn.g 'lg%l_gssf irst

conductor for ernmal® energy inside of the substra forma Tirst
conduct or bet vmabswrate@1®2)y st and second surfaces of the substrate;

concentrating first. type.sem cond or_form ng, t.hersml Y. ] NSj of
the substrate 'F% S‘F%Pﬁ"&x‘%ﬂ 2 e ?/l{vlct %“E‘élﬁ{i“g%ﬁ‘g%eé‘%‘e%gﬁa ﬁ‘?@%‘gr}a{%ﬁ lea
between the first aafdgpcemitosduciacasteddl dohprisinhbheadréngadegion ef det glasal
contact with the first conductor;, conc&géetr@'gé)\;]g a second first type

seni conduct or f or miSHRFtRIPHE e siligRp G2 the substrate to forma

second type Wie s o fminkemt Gie dbdullor BEHhRHses for@ig e Qibdnech dilidoh caibilie
second surfaces of the substrate and adjacent to the second w de bandgap

sem conduct or nmat edB#D; and concentrating a second conductor formng

t her mal ener gy, LS r .
conductor in etPée) (E} £ é ?g%({n'v%%%% gtétdr\%\nﬁ)t%ﬁ&{nhéef%e‘?gg ggé%lg "W 8%9{1)159 n gg%%ﬁgm“’
sem conduct or nat era fakt tyBd widEHenggap cersgofiductonaiatangl conspiseslcmivarting dhredirsty

cner gy | ncl udes 1 odBEG OB NAIg D et BUIC R nuslpid SRECE  Sieofyleher ™
surfaces of the substyidimateridB8]] TUTE SHEET (RULE 261) 55
the step of converting the second portion of the wide bandggp semiconductor material
into a second type wide bandgap semiconductor material comprises converting
the second portion of the wide bandgap semiconductor material into a P-type
silicon carbide material (SiC); and

the step of forming the second conductor comprises forming a carbon rich silicon

carbide (SiC).

29.  The process for making a solid-state energy device as set forth in claim 26, wherein the
step of providing a substrate of the insulating material comprises providing a ceramic
substrate (Al,O3);
the step of converting a region of the insulating material of the substrate into a wide

bandgap semiconductor material comprising converting a region of the ceramic

substrate (Al,03) into aluminum nitride (AIN);
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WO 2010/ 065099PC T/ US2009/ 006329 32. The process for nmaking a solid-state
energy device as set forth in claim30g4wherein the steps of concentrating
t he t her maib 2er0e68099i ncl udes directing a plurality of i nterasetongs3ener gy
beanms between the first and second surfaces of the substrate. 33. The
process for making a solid-state energy device as set forth in claim30,
wherein the tRhesa®] ofSBRGiAY tHeSirét coAfiRlor B&APRses formMGIRRAGRASALY OF Making a
solid-state energy device froman insulating substrate, conprising the
steps of : provhekitenpfzonyasang te dirgporienof g|vade bandaen sepfiedndineior mefemalfintp st
surface and a seco : ' IJe ] i as to
t he substrate; conggirﬁ%r tﬁ‘é"&%@%gﬁg&‘g"ﬁ tgr“n’gﬁgggﬁg‘#’?r‘g{&é’ﬂg?g‘? {lhggilr e of
the substrate for oporeerdfithg veide dghdgap cemidoaduchuinaterizlgintaiNetypalalupshyeen
the first and seconq?geuggges into a wi de bandgap sem conductor material;
concentrating a fi PREOCHAGct or forming thermal energy inside of the
substrate to fiey stepof ¢onsértiagmtuetand paetioreeithe hwide bahdgapasethicoadonet matedidAces
of the substrate; applying.a first type sem copductor doping.gas to . the
substrate; concent Frggiarfﬁcog‘dfwes‘f"d{:?ﬁépg%ﬁ?rﬂlﬁﬁlﬂ{;‘ﬁp&maf%‘lag&?@g‘fsg%F‘i’fﬁ’lemé‘ﬁer gy
inside of the subsiHeadeBordOpdrRbnTof tHel Witk bakdb@p WetlRoRAREHE dRatsrfilife RCLLGHHRT

mat eri al between the first and second surfaces of the substrate and

adj acent to the fi pRmipERAlEdAINYSBEyi ng a second type seni conduct or

dopi ng gas t 0 @hGesdisiniAt fie SEQMARBduRlor BSngtiss S RPRthelYRfingATABONduCt or
form ng thermal e%p(:rgy ilﬁéiﬁ’ges of theusubstrlgée to fgrm anse(r:aé??d type w de
bandgap sem conductor nmaterial between the first and second surfaces of the
substr at nd ~adj first e_Ww de d i c

mat eri al 9302 nd @g n@ é%tg% afi’lip rlﬁganﬁlgs !écséh%'ts%%n ﬁ‘i{JgE@o P Q‘?}%r ?ﬁr%ﬁlg %ﬁ’ %@%%%e%ugg t{:ﬁ}e’ on
the first surfcamerisihg theatepsib8trate to forma second conductor in electrical
contact with the second type w de bandgap seni conductor erial. 35. The
process for m@kTHY"& as%‘lbf%‘ﬁ%toga@ léﬁ’g?ftj% ‘gé g having g zﬁﬁStiﬁr‘Tf%‘Fea?‘?%@ sgfonds
substrate, conprisisigacthe steps of: providing a substrate of an insulating
glass material having a first surface and a second  SUBSTI TUTE SHEET ( RULE
261) 56 WO 209070B¥oRIHTstydpdonrnne Srrae agrey insidsfdhe subgirate fpdferm én of
the insulating gl a?ﬁﬁ@@ﬁﬁ%ﬁo@%e%eﬁﬂﬂ@ﬁ%?ﬁéée@&& dufthQs QP fheQfibdtel type and a

P-type silicon carbide w de bandgap sem conductor materi al;
concentrating a first type semiconductor forming thermal energy inside of the substrate

to form a first type wide bandgap semiconductor material between the first and
second surfaces of the substrate and in electrical contact with the first
conductor;

concentrating a second first type semiconductor forming thermal energy inside of the
substrate to form a second type wide bandgap semiconductor material between
the first and second surfaces of the substrate and adjacent to the second wide
bandgap semiconductor material; and

concentrating a second conductor forming thermal energy on the first surface of the
substrate to form a second conductor in electrical contact with the second type

wide bandgap semiconductor material.
31.  The process for making a solid-state energy device as set forth in claim 30, wherein the

steps of concentrating thermal energy includes focusing an energy beam between the

first and second surfaces of the substrate.
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converting an adjacent portion of the insulating glass material of the
substrate into the other one of the N-fygpe and the P-type silicon carbide
wi de bandgepomass@®onduct or material and form ng an el ectciraskoooond3ast
between the N-type and the P-type silicon carbide w de bandgap

sem conductor materials; providing a first conductor in electrical contact

with one of tRge %&x&qolaﬂgkfhgg s6lid-MRE efibriy 8RB fafth W El8inD0)1d@RR:n the
sem conductor naterials; provi ding a second conductor in el ectri cal

contact with tteesof h@cemfanmaéhq\mpylpﬁé engrely inekudes digséing ja| Alerality A iBPERCRE de
pandgap sem cQRauehar s%h%eh?tgesﬁrs@a%d-g%nﬁrsﬁl@a%éssotftt%sdﬁ?ﬂﬁt@g a solid-state

ener gy device a gl ass substrate, conprising e steps of: providing a
substrate of a glass material having a first surface and a second surface;

|yi bandaap |
cons st of Dearrans makng p e B plRaRic s Pk AT GofiRin e

concentr at i ng teeriakchigisig terfbeam ng t hermal energy inside of the substrate
for converting a region of the glass material between the first and second
surfaces into a silicon carbide material; concentrating a first conductor

form ng ther mefheepBEQY fon hdltthgOh stohs;s@tbbsﬁdi@t devi€ HOMMaA ihéulfingCametudté, or
within the silicon carbide naterial between the first and second surfaces

of the substr zeeprigippheistigs affirst type seni conductor form ng dopi ng gas
sel ected fromg il WBbstrate of GANAbIAHRImEri Al 4 QReR HrdlourBadatti §d80dnd

sel eni um (C2HEP) o the substrate; concentrating a first type
sem conduct or formswqacbhermal energy inside of the substrate to form an

N-type silicon ¢ rbl delpgen]l} f!)rmm g&g%é t%lthV\éutnmaQe the silicon carbide

wi de mat eri al BBYWEEN sur aces of the substrate and in
el ectrical conbactridiigh wide bﬁnd@p fopnthigC thermal agelgyi igide sfabndubsppe for

sem conduct or form ng dopin eecte fromth rou si sti.ng of
trimethyl al umi numc?'s(‘;‘eﬂiifg %’gc{ é‘“’s(‘%ﬂ‘ P%é‘?‘?_ﬁeéﬁg)bg@ﬁf’@ﬁﬁ%ﬁf %I—ﬁg‘b(@ld) to
the substrate; on%ﬁeﬁ&deatm@gwede&aﬁ skMRBnERIr GRRGHEL Or ther mal ener gy
inside of the substrate to SUBSTI E SHEET (RULE 261) 57

2010/ 065099 PC cpnegsatiigy DB cmdpegiprioaming thgsmaksnerey dpsidestfighe @lbé@zﬁ? tofeguét or
mat erl al \M t hl nt h%ré'chh(ﬁfeafbr% Egﬁle\ﬂrg‘én@%Mrﬂ@%%hﬁl supﬁxtawen t he f Irst

and second surfaces of trate and 1n electrical contact with the
N-type sili cormpphyirgad@rsistgpd sccomhmdumr dmtngrgaato thasubsteaseicent rat i ng a second

conductor form n%n%r?t%gqn? {)sﬁp}gr ggmlc (%r%%ligrpﬁt % altl Qner msﬁgﬁ? &%ngstrate

conductor in eﬁ 8 e SI11Co
seni conduct or mat efté &rm BﬁrsTIwe mxmmgép)gemajndmgomaemld)esﬁah eheefist and
device fromalum n%g?:ooé ac(e::se gtatgza substrate and adjacent to the first conductor;
applying a second type semiconductor doping gas to the substrate;
concentrating a second type semiconductor forming thermal energy inside of the
substrate to form a second type wide bandgap semiconductor material between
the first and second surfaces of the substrate and adjacent to the first type wide
bandgap semiconductor material; and
concentrating a second conductor forming thermal energy on the first surface of the

substrate to form a second conductor in electrical contact with the second type

wide bandgap semiconductor material.
35.  The process for making a solid-state energy device from an insulating glass substrate,

comprising the steps of:

providing a substrate of an insulating glass material having a first surface and a second
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substrate, conprising the steps of: providing a substrate of an al um num
oxide having a first surface and a secggd surface; applying a carbon source
to react wbt2hioidesooxi de to form a carbon oxide for renoecmgseocopmeds2d rom t he
al um num oxi de; applying a wi de bandgap form ng dopi ng gas sel ected from
the group consisting of nitrogen to the substrate; concentrating a w de
bandgap form ng thgl;rfgag; energy inside of the substrate for converting a
regi on of the alum numoxide material between the first and second surfaces
into an al um somvertingr4 prtipm pEthe dnsujaning(glase materipk ofthe pupstate jintg one ghawu bl or
formng thermal en { Dsl i .gonduct or
within the alum nurqul)‘/i{l&r?ge%?gcroﬁgﬁbfdimég%“?&@%ﬁ&?{?ghﬁtéﬂslﬁa%%% second
surfaces of t hensuingt anatdggcentgityinaf the frisulsting glps msaenial ofi thectubstrateointy the

dopi ng gas selected . fromth r consi st i of 0 en (0 and.si | ane
(SiNto the substraPer codlﬁcgﬁttg%ﬁ#' €a®fq rté? nl?%’g Ss}fé\y cgﬁr%hdge% c‘?'r]&f cl))Prrlﬁigr%E)

t hermal energy i nskégicoidutioe nsatdiial aad orining & Bleatricdl-doyifaet BdtweannthenNvtyipe | de

sem conductor material within.the alum nu itride wi.de band mat eri al
between the first _éPthh%glC siliganeca é@%@epﬁ@g%mwwwgﬂammfﬁﬁ& ectri cal
contact w th th&idihg alfir&QURAMNCERTI eRBRICY ddatadt WRE 61¢lof thR N-5PF a6 THEUE-HyDE
form ng doping gas Selected fromthe group consisting of methane ( ) and

Bi s- magnesi um di hy afisercarivge widarbppdsap semisendiigios materials; #¥ncent rating a
second type S??na\ﬁ?iﬂg:;!g&&ﬁd %Qﬁfu@%lr iPE1€LtHYal 'c&ﬁhcﬁ%viﬂ’lftﬁé G&eﬁb‘pﬁ%: Nafype bl fher m a

P-type al umn 1 matertal wthin the alumnumnitride

e sem conduct or
bandgap material b&ttypenlitconsafbideswide hehdgemeemicandndtorcmatendls.t he substrate
SUBSTI TUTE SHEET (RULE 261) 58 WO 2010/ 065099PCT/ US2009/ 006329 and in

el ectrical contact with the N-type alum numnitride sem conductor nateri al
semni condusd or Thatpesdess for aallingnsodidistadd enepgyades e droth 6 @ludsl eibatrate,odomi priging
thermal energy, on the substrate to forma second conductor in electrical
contact with theS%¥ES%¥ne al uni num nitride seniconductor material. 38. A

sol i d-stat e eng§E¥ing 8 YitsRate ©PHPlakShitSrialBaditPs FirAb@TRE afda bdeshd firfabg
material having a first surface and a second surface; a first conductaor

| ocat ed i nsi depBlyinghe Wadshandeane faseingedapingngast selested ffm dhe aioup sapsidimgLfof

the substrate; a fiagezéler{e%/ptﬁylgﬁedd(;:ldlpr@;}gi R tREFhGRNGLor material |ocated

i nside of the substrate in contact wth the first co.hd.uct or; a second type

wi de bandgap wententratthge bt ovideeiasdgapl formogt thérmal sindrgy oinsideeof sthp subsitate fasr m ng

ajunction with said first w de d sem. Gon i al;

second conductor i SORSHINER "R/oP hoq?ﬁeeg@gsc%aﬁtan %%ﬁg%\%\na gﬂee g‘g{n%{gda%c%nedagm:ll g%%éuct or
into a silicon carbide material;

concentrating a first conductor forming thermal energy inside of the substrate to form a
first conductor within the silicon carbide material between the first and second
surfaces of the substrate;

applying a first type semiconductor forming doping gas selected from the group
consisting of nitrogen (N;) and diethyl selenium (C;Hs),Se to the substrate;

concentrating a first type semiconductor forming thermal energy inside of the substrate
to form an N-type silicon carbide semiconductor material within the silicon
carbide wide material between the first and second surfaces of the substrate and
in electrical contact with the first conductor;

applying a second type semiconductor forming doping gas selected from the group
consisting of trimethyl aluminum ((CH3);Al) and Bis(ethylbenzene)-chromium
(C16H20Cr) to the substrate;

concentrating a second type semiconductor thermal energy inside of the substrate to
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material. 39. A solid-state energy device as set forth in claim 38, wherein
the solid-state energy device convertscgl ectromagnetic energy into

el ectri cavoenavagye9940. A solid-state energy device as seCTfuseand/ones2¢! ai m
38, wherein the solid-state energy device converts electrical energy into
el ectromagnetic energy. 41. A solid-state energy conversion device,

conprising a one- pi&aes PRSI @fidonGatiRSdchAddRdudtitnaedi) GNP tHeddiifkofl ¥bRR
formed within said one-piéece insulating substrate for enabli

el ectromagneti ¢ radiide bawigpr optegal betyesmths fiysti andoisennd %@C?Sh‘gﬁ‘lhats}‘?f&ate
substrate to inpi ”ggd H%%S‘cnl?&'l S RRP AU Mhd Ritfped@Ydofi Carbiife dc,gx’?nﬂ:‘?)ﬁé’ﬁcitd?Qilnateria_l;

el ectrical power. ol rd-state energy conversion device, conprising a
one-pi ece insul atiagdsubstrate; and a |ight generating device fornmed within

sai d one-piece insulating substrate f.or .prgpagating elegtr eti

radi ation frofPe%rEeHke? 8?%88 PSS oétf?%g%ﬁgegﬁ zr?la &3 é{ﬂsé%‘|%{%§|9|é§ﬁm CRULE
261) 59 WD 2010/ 06698 PE{dUS3O 09/ GREERA conthdtp wikte thep Mtypbiesitigl icedideon of
electrical power. 43. A solid-state energy conversion device, conprising a
one- pi ece i nsul ati AFMEABACIAMME3LG an energy conversion device forned

Wi thin said one-piece insulating substrate for converting energy between

el ectromagnetic radi ati on and el ectrical power; and a transparent wave

gui de af f3ked The prasass dpremgkisgen olidastale jcnerey (fsyice dfam ralmigimetide, geramic

el ectromagnet i gpliadi addotkisEhatkyEort 0 said energy conversion device forned
within said one- &qe(’:e dl’ﬁggﬁ‘fg:tthl ngysubstrate. 44. An energy device for

heating a |i quiraviding afsubstrgterod ameliuminush exide having phnesurapoind hecondsiurfacerent
o 5 ST B GO S OB 1 098 400 B
to said conduit; amslygen from the aluminum oxide;
applying a wide bandgap forming doping gas selected from the group consisting of
nitrogen to the substrate;
concentrating a wide bandgap forming thermal energy inside of the substrate for
converting a region of the aluminum oxide material between the first and second
surfaces into an aluminum nitride material (AIN);
concentrating a first conductor forming thermal energy inside of the substrate to form a
first conductor within the aluminum nitride material (AIN) between the first and
second surfaces of the substrate;
applying a first type semiconductor forming doping gas selected from the group
consisting of oxygen (0;) and silane (SiHa)to the substrate;
concentrating a first type semiconductor forming thermal energy inside of the substrate
to form an N-type aluminum nitride semiconductor material within the
aluminum nitride wide bandgap material between the first and second surfaces
of the substrate and in electrical contact with the first conductor;
applying a second type semiconductor forming doping gas selected from the group
consisting of methane (CH,) and Bis-magnesium dihydrate [Mg(TMHD),] to
the substrate;
concentrating a second type semiconductor thermal energy inside of the substrate to
form a P-type aluminum nitride semiconductor material within the aluminum

nitride bandgap material between the first and second surfaces of the substrate
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38. A Solid-state energy device, comprising:

a substrate of an insulating material having a first surface and a second surface;

a first conductor located inside of the substrate between the first and second surfaces of
the substrate;

a first type wide bandgap semiconductor material located inside of the substrate in
contact with the first conductor;

a second type wide bandgap semiconductor material located inside of the substrate
forming a junction with said first wide bandgap semiconductor material; and

a second conductor in contact with the second type wide bandgap semiconductor

material.

39. A solid-state energy device as set forth in claim 38, wherein the solid-state energy

device converts electromagnetic energy into electrical energy.

40. A solid-state energy device as set forth in claim 38, wherein the solid-state energy

device converts electrical energy into electromagnetic energy.

41. A solid-state energy conversion device, comprising
a one-piece insulating substrate; and
a photovoltaic device formed within said one-piece insulating substrate for enabling
electromagnetic radiation propagating into said one-piece insulating substrate to |

impinge upon said photovoltaic device for generating electrical power.

42. A solid-state energy conversion device, comprising
a one-piece insulating substrate; and
a light generating device formed within said one-piece insulating substrate for

propagating electromagnetic radiation from said one-piece insulating substrate
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43.

44,

45.

to impinge upon the application of electrical power.

A solid-state energy conversion device, comprising

a one-piece insulating substrate; and

an energy conversion device formed within said one-piece insulating substrate for
converting energy between electromagnetic radiation and electrical power; and

a transparent wave guide affixed to said one-piece insulating substrate for directing
electromagnetic radiation relative to said energy conversion device formed

within said one-piece insulating substrate.

An energy device for heating a liquid and for generating electrical power upon the

impingement of electromagnetic energy, comprising:

a conduit for receiving the liquid;

a glass substrate;

a support for positioning said glass substrate adjacent to said conduit; and

a photovoltaic device disposed within said glass substrate for enabling a first
wavelength of the electromagnetic radiation to propagate through said glass
substrate to impinge upon said conduit to heat the liquid and for enabling a
second wavelength of the electromagnetic radiation be absorbed by said

photovoltaic device for generating electrical power.

An energy device for treating water and for generating electrical power upon the

impingement of electromagnetic energy, comprising:

a conduit for receiving untreated water;

a glass substrate;

a support for positioning said glass substrate adjacent to said conduit; and

a photovoltaic device disposed within said glass substrate for enabling a first
wavelength of the electromagnetic radiation to propagate through said glass
substrate to impinge upon said conduit to heat treat the untreated water and for
enabling a second wavelength of the electromagnetic radiation be absorbed by

said photovoltaic device for generating electrical power.
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