A METHOD AND SYSTEM FOR WAVELENGTH SPECIFIC THERMAL IRRADIATION AND
TREATMENT Background of the Invention  This invention relates to the direct injection of selected
thermal-infrared (IR) wavelength radiation or energy into targeted entities for a wide range of heating,
processing, or treatment purposes. As will be described below, these purposes may include heating,
raising or maintaining the temperature of articles, or stimulating a target item in a range of different
industrial, medical, consumer, or commercial circumstances. The methods and system described
herein are especially applicable to operations that require or benefit from the ability to irradiate at

specifically selected wafelbRgHHe B rAdlBUESTHEN PR MNANBLEGNGRE BFERHEIGSs particularly
advantageous when the targetlisRRViAG IRRGRLAIHIBRNRITR BAGWEMAtact environment with the

target. The invention provides for an infrared system of selected narrow wavelengths which is highly
programmable for a wide range of end applicatians. cfhednvestigsnteaches a new and novel type of
infrared irradiation system which is comprised of engineered arrays of most preferably a new class of
narrow wavelength solid-state radiation emitting devices (REDSs), one variant of which will be
specifically referenced later in this document. More specificaliy, this invention is directed to a novel

and efficient way of inj_cigc.tir]g an optimal wavelength of infrared radiation into a target for the purpose
of, in some way, affeclifiif tH¥aBligare Riep & dhnciresicieciomal selepridmaripesdhe

"target'-for the infkaies iseinnabe Hosharyvidewy aieyel termsanginofemdndyigual
components in manufacturingiﬁeragon to a rﬁaion of trz& meg{t]t on a continuous coil of material, to

t
food in a cooking ProceECEY T8 RimtA r%%%?ﬁg PRvESicA T ¥RRRAESAURBAMRAY.  Though the
specific embodithest olihesayemipimdksizibedingreaitengsoanmaxaiaipie ¢Hatrdates gartcularly to a

plastic bottle pr%‘pé%él%tg?@]t &Qﬁ@é% @%985‘?@@% iﬁ%‘@&ﬂ&g cﬁ’igi‘ii%@ﬁ? @g\%{r{g‘ many other noted

scenarios. It also applies to single-stage plastic bottle blowing operations erein the
injection-moldin§'8pErateT R P oPMeERMIBIRANR! fist pRsieRr ate Dbk MiftiAg aperMisMIn this

deployment, for exsuripie, Besmethodspakappamissmel thasuRiashinventiengfepsipilaradvantages
over the known art, t:tﬁt W%ilf% $mé)loé}/ri?ce{ifferent sensing and %)ntrols to deal with the variation in initial
rafied o thE"

temperature at tha' & St SRS piisgawavelengths or to pulse or

inject the radiation. The invention is parficularly advantageous when the
target is moving at higher speeds and in a non-contact environmen: with the
‘target. The invention provides for an infrared system of selected narrow
wavalengths which is highly programmabile for a wide range of end
appiications. The inveniion izaches a new and novel type of infrared
irradiation system which is comprised of engineered arrays of most preferably
‘a8 new ciass of narrow wavelength solid-state radiation emitting devices
(REDs), one variant of which will be specificaliy referenced later in this
document.

More specifically, this invention is directed fo a novel and efficient way
of injecting an optimal wavelength of infrared radiation info a targst for the
purpose of, in some way, affecting the farget's temperature. To cite a small
sampling of exampies, the “target” for the infrared injection may bs from a
wide variety of fiems ranging from individual componenis in a manufaciuring
operation, {o a region of treatment on & continuous coil of material, to food in
a cooking process, or to human patients in & medical freatment environment.

Though the specific embodiment of the invention described hereafter is
an exampie that relates particularly o a plastic bottle preform reheat
operation, the concepis contained within also apply to many other noted
scé'na'rios. It aiso applies to single-stage plastic bottle blowing operations



In general, an ideal infrared heating system optimally raises the temperature of a target with the least
energy consumption. Such a system may comprise a device that can directly convert its electrical
power input to a radiant electromagnetic energy output, with the chosen single or narrow band
wavelengths that are aimed at a target, such that the energy comprising the irradiation is partially or
fully absorbed by the target and converted to heat. TBe more efficiently the electrical input is converted
to radiant electromagnetic output, the more efficiently the system can perform. The more efficiently the

radiant eIectroMﬁbﬁf@tf&%@@@%@é’W&ﬁ@ eRpENIOBIH RIS FReARlNs JHE REYRIGdRethe more

efficiently the Sﬁawlha@c@ﬁwhﬁbntsm@ﬁ% diopdiatiofemitingidetieawitasas faruse should
have an instant "on" and i nfé%?éo ff characteristic ofrUCh thft when t%e tar etis nogbeln irradiated,

neither the mpu?HB?%té‘%ﬂ HEIGS VRN OFRE SO YT e exp&e BY¥Get absorb's the

radiant electronzat)retiorendér gyipicirdifisrenhvensitipansatorhieoa deedefficidini{htheasiafiom can
function. For arORiiA KRS /& HEERRARKE I IRIAASLA SRS PRHRAL g Rior system output

wavelengths matc sorptive c racteristic of the tar get These wavelengths likely will be

chosen differently for dﬁf@?&%@ér@@t&?@ﬁﬁﬁ"@éﬁ@ﬁ?ﬁ?“fﬁeg RiBRIEBbsIAaRSARSifferent absorption

characteristics Qéﬂﬁ@f@ﬁuﬁr@@ﬁ@t@i@@ﬁv\ﬂ@“tﬁé i@a%@@r@@‘ﬁ@&fﬂr@ﬁﬂ@%tﬁsﬁlt&h a systeantrast, it is well
known in the art and mdustr)% se a r e of grffer es Ot % a atl s%ste{ns for a wide

range of procesS& S ES ?%l CFe oﬁ%@ S S S prevrou%l‘;’/ #Sr%uch ‘
purposes producm:mrélalmmrymm@ﬂuaﬂUWEQMWbmﬁmitf@dqmﬁaht%ﬂ‘@ﬁrommdff@ﬁérgy They

may be referred to asdnfiaredh Beaing;dsatnent QLLIARSSHR %@@FQX}'ESF%&S]H&%%%W fact, they

often produce radiant energy wel ?tutsrde the infrared spectrum The infrared portion of the

spectrum is gen@‘fﬁﬁﬂﬁ’&ﬁﬂd‘é@%ﬁ‘é@‘m@J%%ﬁﬁ?ﬁ%@é@ﬁc&ﬂ@ﬁ%a*i*ﬂé’s‘?@‘é?@%%ﬁé Rl-categorized as
near-infrared, &m@a{@rmgﬂm@mm@amrmmwmmmmme exact cutoff points are

not clearly establrsh&%{f@%rétfr‘rge eoqlr' %(‘?‘{aa#] re |or!1§ elyﬁlmgﬁ:t?e tql%sactc tgé:lnthat he e negr| infrared region

spans the range micrometers. le-in areJ region spans the
range from 1.5 tmsrmaffmetérﬁna'rwﬂen@w@mﬁam@tiwgwﬁaﬁ@a@mim@x@ﬁ&@b@ between 5

and 14 micromelegs A bEXAREL on NS SSIARLINFLLHRORRS A ARyl b used i industril

commercial, and medical, heating treatment or process equipment previously produce a broad band of

wavelengths Whﬁpﬁm%iﬁlmfgd {6radaiap P Er g ARSI RSERIR YthatRheir broad
band output may;peakinisspatticianangseiitie i itamdcspesimsnctheatypieatyraateecan output tail

which extends We" ' t%eargba;rraéza?gdo n&ither the input nor the output energy is wasted. The

more efficiently the exposed target absorbs the radiant electromagnetic
energy fo directly convert it to heat, the more efficiently the system can
function. For an optimal system, care must be taken to properly select so that
the set of system output waveiengths matches the absorptive characteristic of.
the target. These wavelengths likely will be chosen differently for different
targeted applications of the invention to best suit the different absorption
characteristics of different materials as well as to suit different desired results.

in contrast, it is well known in the art and industry o use a rangs of
different types of radiant heating systems for a wide range of processes and
treatments. Technologies that have been available previously for such
purposes produce a relatively broad band spectrum of emitied radiant
electromagnetic snergy. Theay may be referred {o as infrared heating,
treatment, or processing systams whereas, in actual fact, they often produce
radiant energy well outside the infrared spectrum.

The infrared portion of the specirum is generally divided info three
wavelength ciassifications. These are generally categorized as near-infrared,



As an example, quartz infrared heating lamps, which are well known in the art and are used for various
process heating operations, will often produce a peak output in the 0.8 to 1 micrometer range.
Although the output may peak between 0.8 and 1 micrometers, these lamps have substantial output in
a wide continuous set of wavelength bands from the ultraviolet (UV) through the visible and out to
about 3.5 micrometers in the middle-infrared. Clearlyg although the peak output of a quartz lamp is in
the near-infrared range, there is substantial output in both the visible range and in the mid-infrared

ranges. It is, thErsiele- NGt 56s SpfEianeniia@d siayabeaathsgertism Wi s¥agweidfo be selective
as to the preferrihmpyelenatiinyaeiensths thattweiddbadhe rgeidesiieddpeay given heating,
processing or treatment lication. It is inherently a wide s ectrum treatment or. proce fand has
been widely usBSRRAESBThEIE RERIe NI BRLR HPALREAT SO N BT E TN RS Rinvention. The
primary temperatd€ riseicronaseheargeesisddile-iu e Egporog thesntiad Rreyreigyral Gne or more

band : ' d.
e T o

Nonetheless, quartz in S are inin discrete components and
the continuous RRWERRI FrébesSnGiHBIEIRES 3NV AN EE methodologies would typically be used to

hefllp direct the eFf{niSSi%!'lhféQﬁt;IQﬁtwaéiédadﬁﬁﬁ;éél%él’ﬂ%g@@%@hﬂ%éﬂF@Q?]%Qﬂw,dilng a variety of |
re ector-types. egardless of how the ergy Is rocuse nto the target, the artz lam are typlca Yy
v o TGRSO AL e SPRTIaT, LB ae R R R raribnd
article or d@scremmﬂpwbmadmdeﬁsm/&ieﬂgﬁﬁiswhimiaﬁdgeda@mitm@:&élmiww stohicthermal
response time QIthH@%J%f@&%S@E&B&Y%ﬂ%‘éﬁllaqggﬁtgrﬁb%é%&ﬁ%&ﬁé@ﬁ%@déeak irff\p area of

specific need for improved energy Injection re low moldin ogerations. More specifically,

plastic bottle stre®HOWGWARSIBIRAGTRG JeiRLthersrly Bo RN IMAFIS MY HAGraBHERR blow molding
operations. Onexgsgieeh@iihiswencessdgikbowndgitiesart as a reheat operation. In a reheat operation,
preforms that have begn formed by wa oégn injectjion molding or compression molding process are
allowed to thermally s ABifZe 0 ]fﬁ Féqﬁ #8#5‘%@?4&'%“%6’1?& %g?t%hﬁrgéﬁgﬁm\%e?w% 2H'intb a stretch
blow molding sytbie@r! aneary stegdwoiwrisis iratsap teeiinefoperaiionstavilpefiature wherein the

thermoplastic praigim-mateiak iér & IRpRefAure PRI IZSL Qr SHRSE QYR RIRMEIG|ANG operations.

This condition is met while the preforms are being transported through a heating section along the

path to the blow P3| BPRrRRGIEO AR TNE M EeBIJRER R IBMESSRRYR FUBRANERorms are first

mechanically stigighedraadben-ipnidiiaseesslsasicagtpibarsofiaigeievoltawolet (Usnergy
consumption cogts make up a large percentage o cost of a finished article that is manufactured
using blow mol @%@%?Qﬁo\ﬁgl%areds%%i{: |(f%q@/?ﬂl’%ga%%ﬂ%qjg}eer%ér}g%ﬁﬁgﬁqeedEr\}\ﬁ%rﬁn%é heretofore
state-ail-the-art eielanylogjihrobbdba peritiveirally’ condhitn | Poly daliylthseReardpfargate (PET)

preforms from ampientdemperaliyga:0BGrnihe sRe eSS Ml Rysteighbiow malding machine is

quite substantial. From all manufacturing efficiently measures, it will be clearly advantag_eous from

both an economitERBChIRFBAGHofnfe AL elary S¥IhPRSRRIE With e R EINCONQHR SRS TAIB associated
with the operationrefriirdbersaslicandiitmitigesastioniaf stestanclowvoielding systems. - U.S. Patent

Number 5,322,651qn§cri es, improvement in t e;_‘neth for thermally treating thermoplastic
retoms. oA B R R g for
the thermal treatnémedhphistieniasfiormsiddiessibotly @uwdtdadrecivonirgatprIbar, PIacgsMparison

with other heating,griheraal-ealREn Aefhossss b AS LAY REHigBANg- sk dliinafigeeonsidering
the low thermal conductivity of _ , o 1

before the present invention. The primary temperature rise in many targets is

due to absorption of thermal IR energy at one or more narrow bands of

wavelengths. Thus, much of the broadband IR energy output is wasted.

Nonetheless, quartz infrared lights are widely used in industry for both

the discrete components and the continuous material processing industries.

A variety of methodologies would typically be used to help direct the emission

from the guariz lamps onto the target under process including a variety of

refiector-types. Regardiess of how the energy is focused onto the target, the

quariz lamps are typically energized confinuously. This is frue whether the



5 the material, heating using infrared radiation gives advantageous output and allows increased
production rates." The particular improvement to the state-of-the-art described in this patent relates
to the manner in which excess energy emitted during IR heating of the preforms is managed. in
particular, this patent concerns itself with energy emitted during the heating process that ultimately
(through absorption in places other than the preform%, conduction, and then convection) results in an

increase in the air temg rature in the oven yolumeisurr%ﬂﬂno{ggg&me\ tranarforted preforms. Convection
heating of the ﬁ?(—f %EE%E@SH&%?PHBW"H% ﬁr%r\? W redifthNns §8Fﬁ1t8rm heating of the
preforms and, thospoasisleldtezioessoffdot tristiepmsmaviisiciuenig theeraitdineRationt 5,322,651

descries  meiigekof roupieEacin W RCs LG AR CRel eaRRl haal Jowsuroundng

the preforms durin eating operations. s might be éxpected, the transfer of thermal energy
from historical S¥thE&HIAR-art IR heating elements and systems to the targeted preforms is not a

completely efficient pragessddgahsckROfes theighrtgrsersvgiatjtetiberraaligcanditan preforms
would end up within the volume of the preforms in the {or %f igt?eagen%rlg%] AI{thoqglhnit was not
specifically menti8 it RFEEBEe Pg?g?esr?ceecﬁﬁapgnﬂ Rﬁﬁ%a CCOnVETSiBn it Ocy Udlues (energy into
transported prewmfmmyrﬁbimméﬁmym%ﬂoemtg‘iemeh@pmhmvrmw@mmmmis%and 10%
are claimed by 1, cucgat siagrfieart NOUIRAIFNG aeliDes ABKIBRUENECR; 1o the method or

means associated with the infra eating of preforms that improves the conversion efficiency values

would be very d@na#eRyedehPrafaae it aYBReRHIFERIRY WAYHREYUBSHOTor the user of the

stretch blow forpaginpehiteapressidieroRIBIABY A ars tidlnuarioctogethanieesiablish the energy
conversion eﬁmengyﬁgerformance h‘i%f é‘tge IR heaggl% elements andfggs”t&ms L;Esed n})ﬁg% current

state-of-the-art FISW MOTRG e &l Wik retc

SIREER A a8 t}
nventional thermoplastic pretorms, such as PET
preforms, are heaté&ling sytéaperatesspSigsue@BCh Tiigts updivalyeiocomislished in state-of-the-art

plow molding Maghines AL S I ANBIaGIe BIoRARARRGHAIR IIIateHh AunRE "

high-speed/high-production machines these often take the form of large banks of very high wattage

bulbs. The compBSHEZSREi)y SHRIFIB BT DN HAAIRY SrgiaieBm S EEsiies BRTge current draw
amounting to mamdersrpdratkibwaiisenithesfastest imecineshdavedaaiooassontaird with these

i ST L e T L e
optical transmissiegiipro feztimsiohthe diafirehmsatbanically streiched and then blown into
vessels or containers of iarger volume.

Energy consumption costs make up a large percentage of the cost of a
finished article that is manufactured using blow molding operations. More
specifically, the amount of enargy required with the herefofore state—o%-thewar’t
technology 1o heat up or thermally condifion Polyethyiene Terephthalate
(PET) preforms from ambient temperature fo 105°C in the reheat section of a
stretch blow moiding machine is guite substantial. From all manufacturing
efficiently measures, it will be clearly advantageous from both an economic
and an environmental standpoint to reduce the energy consumption rate
associated with the operation of the thermal condifioning section of stretch
biow molding sysiems.

.8, Patent Number 5,322,851 describes an improvement in the
method for therméiiy treating thermoplastic preforms. In this patent, the
conventional practice of using broadband infrared (IR) radiation heating for
the therma! treatment of piastic preforms is described. Queting text from this
patent, “In comparison with other heating or thermal treatment methods such
as convection and conduction, and considering the low thermal conductivity of



Another factor that has a significant impact on the overall energy conversion performance of the
thermal conditioning subsystems of the current state-of-the-art blow molding machines is the flux
control or lensing measures used to direct the IR radiation emitted by the heating elements into the
volume of the preforms being transported through the system. In most state-of-the-art blow molding
machines, some measures to direct the IR radiant fléix emitted by quartz lamps into the volume of the
preforms are being deplo (38. In, particular, metallized reflectors work well to reduce the amount of
emitted IR radiéﬂ%ﬁ@éf‘é’ 55‘?@%%H?H@s@%ﬁ%ﬁ%@'at]o%ﬁﬁvgﬁoﬁﬁ?é?%%?ﬁ%i)ﬂ%? Ampact on the
energy conversitinesficieaayqb forhaniion odtte” IR heating subsystem is the degree to which input
energy to the typicallyﬁgt'om&llgg ’ﬁ&@v%&!g{?%nﬁﬁ é's %Cg‘f-(?ﬂéz-%ﬂ@e e moveent of the preforms
moving through the heating system. More specitically, if a fixed amount of input energy is continuously
consumed by aBaRBHEIFER incingenapiitéieh SHoes SNATBY SHBEadUBHISforms in the

immediate vicinfy gfhehaaterduae GIRERHEYS. PiefosMJNRYEMRNbARSALEBRsHsy s, the energy
conversion efficiency performance of the systems,is obviously nc{[}‘g timized. in praﬁ:tice, the slow
vt

physical respon¥8THREEH BOIHER MGG RERDRE tRES 8% b’r@%‘?ﬂg ansfer speeds of
;tate-of-the-art blmurp‘tm:l_dimgmaelaipéﬁeprteemd%mﬂioattenmm‘mfwﬁimegfdItynemo_dulating the Ia_lmp
Pt power to SYRLANAT LU HESHE G IPYRNAN AP NRAR LT A TgRe ment 1

overall energy conversion‘efficiency performance. U.S. Pat No. 5,925,710, U.S. Pat No. 6,022,920,
and U.S. Pat. NauBSB0g 884 B 1rar8eetab & Hinae meSiHecHs hErns PiethR RIEMETGE of energy

emitted by IR lagpsdhasishabspiied Bydrarsearisddyiaionpasaditng blawmgalding process. All of
these patents describe, in v rﬁi@ agnoun% f detail, the %ene ﬁ' practice itn state-of-the-art reheat
blow molding mBEHHES A5 u %u 7z ;%&%@H‘?e"lﬁf’?\e%% RIS P RR2E 50w molding
process, preformatiritd)age, pbdvirslyiieen imgdatio wihgoldeeantirg| Swetlffiecttaliillze to room
temperature are [AHERISS AKAHIIS BT BR AR MHARIIRL (o BUAIRE BaARCIRIADSINEhese above
reference patents describe how polymers in general, and PET in particular, can be heated more
efficiently by IR @B8@#¥h than is possible using conduction or convection means. These patents

document in figures thamapgiiied albserptioneopdicientafihEhassn iggtiamohwayeligngth.
Numerous strong molecylar apsorption bands occur in PET, primayily in IR wavelength bands above
1.6 micrometer. 3?925 #ziﬁfﬁgp gﬁ%‘%ﬁ?g{ﬁﬁ %eé?ﬁ}ﬁtﬁaafﬁig%s %‘}szssrggaﬁﬂ)éggggp%%c%% 2 Bxact
emission spectruwt beingrdieteiynaticidy medéamédeﬁmp&ﬁ%reféﬁajeﬁﬁwwmaﬁw_@aw. As
used in existing gl aly 1SRt BloA BOIAINGMATTINE A DRV AR CBRRH A Arament

temperature of around 3000K. At this temperature, the lamps have a peak radiant emission at around

e

0.8 micrometer. RS ﬁ%@%ﬁ@’@’?ﬁgsi@ﬁth@‘égﬁgdﬁ%(ﬂﬂﬁi@@ alioMeRdanRkifoNg in the art,

the quartz filamemRmitsiareapdinuisapagituncehessioy emishtgwtouerydaagiRat 3000K, the
emission rises t rougﬁ? the visihle r?#ionﬁgeaks at 0.8 micmrp\%tﬁr an thenégﬁgd%aéwadecreases as it

begins to overla h\ %ré%ingrg Osri@l ﬁ@aé bﬁ‘ﬁ”%%"s’,‘a@rdpﬁén startlnié‘ PY i mictonster. What
is not described eavaeofitiesahaitntais triredetntizg therguhriatsaii-tissah ivemitted spectrum

of the lamp. The, gt maIsKiAbUSed riahdGaiadiB olaRgunsHigbAvallaiprs fiaman upper

transmission limit of approximately 3.5 micrometer. Beyond this wavelength, any energy emitted by the

enclosed filamenrbsIToRPR PRESNEHT RBLIBE 4By TRBAYER GISSSLRIRR fittERCIses the filament

and is therefore g diseptiyi@vailable forveretysaleatitgepredemdhe sessensautimetdiabave, in
[ BS t%rggeat PET preforms to

existing state-of-the-art blo olding machipes that uartz lam
blowing tempera?ur'ﬁ-:@,y tﬁ%%:%‘é%? gbsse(gr% i&eeﬁé%%%stﬁa egeﬁ- Qce batveen 1 micrometer and 3.5
micrometer. The groupGfgpaterasneferéaciotsdhel/ e ¢t desctne; & Gxedio vkl B180R/586 BI) all
describe different SpGUoR RBAESRLP SHEIABALNRS RUFARSLRIRB BRI RERe preform,
used in the current state-of-the-art blow molding machines. As noted,
conven‘dbnal thermoplastic preforms, such as PET preforms, are heaied to &
temperature of about 105°C. This is typically accomplished in state-of-the-art
blow moiding machines using commercially availabie broadband quariz
infrarad lamps. In high-speed/high-production machines these often take the

form of large banks of very high wattage bulbs. The composite energy draw



8 improving the overall energy conversion efficiency performance of the reheat process. In all of these
patents, foreign materials are described as being added to the PET preform stock for the sole purpose
of increasing the absorption coefficient of the mixture. These described methods and means are
intended to effect the materials optical absorption properties in the range from the near IR around 0.8
micrometer out to 3.5 micrometer. While being a viable means of increasing the overall energy
conversion efficiency performance of the reheat process, the change in the absorption property of the
preforms that i€E8HERIRKS T SHEEHR FIRSHEROMRRA MY EB LTI ThEBSHEMA %S Ras a
deleterious effegkan Hig@rRprAcaRTERIBG fifishdiesntaineindy edunatidacio thespiitatglarity of the
container, sometj referred to hazing of the coptainer, acts ta.m IS al approach a
non-optimal sole%ﬁﬁ%S[%%’%%n%f %fh %éng?w%)rfénn%%gs Q‘%%Y%g%e%%ﬁﬁ?é%ég%%%%%% describes a
one-stage injectioargyotdingbionm eifitieng systdanroansisthihefareirpheddnniyairNoRE®Nnditioning and
transporting preforms fqayie-igalionsiaamipdhrRiauing Hadsatihaqigerssoln this patent, the
independent operation of an injection molding machine and a blow molding machine, each adding a
significant amo@HRRATERE QiR diBEsiIFoeEEs of thermally conditioning the thermoplastic material, is
described as wasteful sRhis@etettviencheadhasigsifigansingacstagehmanafattenagprocess reduces

both overall energy consumption rates and manufacturing,, T 10N onsumption
comes primarilf Vﬁrﬁ{gqggﬁﬁ%ﬁ?&sﬁ 8?%%% h%r}%n%éllcgner%%?}%guﬂgd% ?o& gﬁa%?é gh%%?f%gv%nﬁnolding
operation is retaitrserbiitieegtdfonmnriolidnthgassingedidhenibidiery Stalge, INTES PERIRCERY, in a
one-stage process as Iapcrbeel Ikhedaad:Pathnbdnsy RFe‘pEBiAg sicHlenadie siabilize to room

temperature after the injection molding process. Rather, the preforms move directly from the injection

molding stage tSHYRErRidNERBIRSAIRG SEELBRSPITRET TR Y HEDRFEFBIIRTEETAS  The
thermal conditiogingesgetisovlessiiesl imatien63 Spatentbas ties prapestichof Redujzadiléuo add
smaller amounts of thermal enerqgy as well as subjecti e r o]l ilization
periods. This dif?@%t%ﬁgr%ytﬁg are'%ﬂ%r@ en {sooﬁg¥ﬁ'e§ﬁ%llgégﬁg%ﬁ%@§€%%%%ﬁn hgégégggé process of
a reheat blow-molgaticnizchmetalficediredzgiosroutiteof enesdycaréreaifedt 9t8REE%he preforms

to the blowing tgmpesatiie. (haproh e opetation gss_g}gge-stage injection molding/blow molding

machines are known in the art, finished container quality problems persist for these machines. These

quality problems are lifERRPHIEFJARES PRIAFHABIPRRaH IR Vi EtoHY SSNESIRSam of preforms
enters the blowiagistaes: Respitedheasitapdesrdesripacbiytier0B% patsyrassingimérbtofore
state-of-the-art IR heating and temperat ensin ns ' . ermally
conditioning pre’f%%seg}?%%yt%?te? ?Kg'f #ﬁ%ﬁ%@eﬂrﬁﬁ%Sﬁﬂ?‘(gmg?égﬁ%%:%%ﬁyﬁ%ﬁﬁg& gé_c?c%ess still
results in preforiine ohweeyhenitioé thapoeinmemm awenadirsloiingatige. ssevaribigs in thermal
content of the entering preforms;result-ip finithesheeRisRerSLEYALVING RIPREHIRFRCYUAlIty.

Inefficiencies in the ability’to custom tune the ER heatin pro?essﬁ%%i_a %eform-to- reform basis

results in manuf&QHPER bR I8 S ML TG HTIER Y toBEHIBEFEGlIFEY quality levels.
For this reason, fas therighestyisodiyatiohea pphcations itheninidlustnsprelianoeroneeiadt methods
persst. Also. cause piforms a1 oteh MAeied s eAmMELFigl comuetet and sold o an

oW and fi s

end user who wi a € containers, the re-heat process continues to be popular. The
prospect of genereshinsprovingourerftiertniEad/ofTunietBrRIl) PP PRYFRIAGSREEESN of blow

molding machinggis.Clpaiby-RRNAMAGaRHS EARPeHY aRoRpsaliay east @il asmirauct quality

perspective. Though several attempts have been made to render improyements jn the, state-of-the-art
IR heating subsyRR&RfS BieiRtfsht é?&@fiﬁvﬁa‘?ﬁ%ﬁgﬁ?&u%eﬁgrﬁﬁpﬁ 0% BFRSRAAR heating
elements and methagssitis thebhianiiigntiod teepliesenpmventivetocoventueievitip sisdesisiencies.

In the solid state _electronics r sqlid-state. emitters,.or, in.the art. Photon or
flux emitters of trﬁgsfyrggvﬁgiﬁg%vnndtﬂ%ic%aénﬁﬁ%?c%aﬁI)ﬁ/‘n g’\;aila eﬂéﬁa\/\@%@%ﬁé}a@&arious wavelengths
from the ultraviole® Uit aiGpeneYeaRaARaned: LEDs are constructed out of suitably N- and
P-doped semiconductogmatesalng wiraeref seraicerdugtoraate ials itrbly. preegsserd to contain a

P-doped region placed in direct contact with an N-d jon of th ial is given th
goneric name of AN SBOBLH AT TR TRV AR BT IBeTL SHorSpertos as is wel

known in the art.drarexamjiteditis \Wethkpevimanishibshebed by transporied preforms used in
a biow molding process. Ali of these patents describe, in varying amounts of
detail, the general practice in state-of-the-art reheat blow molding machines



10 art that, at the physical interface between an N-doped region and a P-doped region of a formed
semiconductor diode, a characteristic bandgap exists in the material. This bandgap relates to the
difference in energy level of an electron located in the conduction band in the N-region to the energy
level of an electron in a lower available P-region orbital. When electrons are induced to flow across the
PNjunction, electron energy level transitions from N-fegion conduction orbitals to lower P-region
orbitals begin to happen resulting in the emission of a photon for each such electron transition. The

exact energy leifeher, HaTARaNpS AR AR IPe YAMRRIHHBBAGREGRHIRASIRE drop in energy
of the conductegrelesiopreformis aoHalE Pevpasicasdirmetion enittephatbaiemiters. Unlike

filament or other bh kbody type emitters, there is no requirement to.transfer, input energy into the
intermediate foﬁﬁe‘ a??ﬁgg? gﬂ‘g‘g‘t?ﬁé{iﬁéﬂgﬁﬁe %eer%rr’ggtt %n%ﬁ%ﬁ lBﬁc;{ Onﬁpgzéaég{% %‘thtﬁi%a/airect
current-to-photdn biehaviolgibg Dpdratierthe T hesgseaiyykusitganaeepatdptasiescting. iK®Ds have been

used in numero icati Ui [ tiemely h : isible, and/or
near IR light. O#g i%egclzjﬁi?;ég ﬁé%io%%ﬁﬁiﬁ%%@?&%p@&gé rate pré%'gﬁ?p gl%s Iiglffﬁgissn%@s/%%en

particularly useffi RPRPERHBMER 'BiBCRsEIB AP DRiIBANSLERY AppRLEiR: MeerstHdGSble or near
infrared light is yseshte Snradans gusediimageelreb ibtheptiospeeifidisnasioPiiutay Unlike
filament-based sources, LEDs emit over a relatively limited wavelength range corresponding to the
specific bandga IR LRI itedsd a@&t?brﬁ Matanal %%Ogn%snga!af;ﬁ%rp%%%y]o Eé%ésghogcg lé)%;(j-:-en
particularly usefil REdpplicatidysmifereinaizngiie hgnisdeenoe dparatonsiQlichiag oripbhent

illumination, statys ipdigation.afapfical Gonupunicaipn.arejequiradiQre-rseaply;darge clusters of

LEDs have been used for larger scale forms of visible illumination or even for signaling lights such as
automotive tail IRRREBIHRAIESRPIEI TIPS BUMHERMSNTIRMASE HEN 2 deTRYhBYaspect of the

present inventiopjdhee issRyovided a system for non-contact thermal treatment of plastic target
components prior to melding, or ProgeSNg ARIAHINS CURY B A ASAR AR TRllYe 0 locate plastic
lamps are operated at a filament temperaiure of around 3000°K. Af this
temperature, the lamps have a peak radiant emission at around 0.8
micrometer. However, since the emission is a blackbody type emission, as it
is known in the art, the quariz filament emiis a continuous spectrum of energy
from'X—ray to very fong IR. At 3000°K, the emission rises through the visible
region, peaks at 0.8 micrometer, and then gradu’al!y decreases as it begins fo
overlap the regions of significant PET absomption starting at around 1.6
micrometer,

What is not described in any of these paients is the effect that the
quartz bulb has on the emitted spectrum of the lamp. The quariz material
used to fabricate the bulb of commercial quartz lamps has an upper
transmission limit of approximately 3.5 micrometer. Beyond this wavelength,
any energy emitted by the enclosed filament is, for the most part, absorbed by
the guariz glass sheath that encloses the filament and is therefore not directly
available for preform heating.

For the reasons outlined above, in existing state-of-the-art blow
molding machines that use guartz lamps to reheat PET preforms {c blowing
temperatures, the range of absorptive healing takes place between 1
micrometer and 3.5 micrometer. The group of patents referenced above
(5,925,710, 6,022,920, and 6,503,588 B1) ali describe different method and
means for changing the natural absorption properties of the preform, thus



target components in a manner facilitating the application of radiant heating; and a thermal monitoring
and control section into which the plastic components are located for exposure, the thermal monitoring
and control section comprising one or more solid state RED-based radiant heating elements operative
to emit radiant energy in a narrow wavelength band matching a desired absorptive characteristic of the
plastic target components via a direct electrical currént-to-photon conversion process. In another
aspect of the present invention, there is provided a method of thermally treating thermo (Lastic
preforms prior {8'8HRXEY BSVPYRFAIAG TP SHRMRISRE AEGRIPY ?l'%%‘ﬂj‘ﬁ?e téﬁsr?ﬁ nsporting a
series of preforpiedbseuph=a tiersal meritesiforansh conisokseationedaibeahesmoklnmg machine;

irradiating the preforms using RED-based radiant heati lement rative it radiant energy in
a narrow wavel@aapﬂ%% mﬁ%ﬁegoé’ e%,‘?g%%ﬁg%% f?'/% @ﬁr r%‘cc’ j?igﬂ%gét\ﬁg%ﬁ%rms; and removing
waste heat fronasioapiib mentifinical cbthponetitscofliestheaseivag et afesntdisection of the

blow molding machine tising 2 gaoling S¥stemals odibanathierarnestaidheanpsaatiavgation, there is
provided a system for selectively mpctmgradlant heat into a target, the syst%{é%e%nsmg: at least

one solid state fERITaRM SRR GRNEL ieRiSREDF e a1dA BRERE t®&ing operative
to emit radiatioR/iaRenago: Waveleagindtrdoakratiiant hat@utprdido efétchragsired absorptive
characteristics of the target; ounting arrangem iti e ment such
that irradiation RO/ %écﬁ‘;er{% eﬁaé tén {a?ggegts;"z?r% Eﬁ‘r%%%%@?ﬁ% sﬁ%%p y r?ggo %ﬁ%gﬁrrent to the at
least one RED étemesfohe tbblia slirbenelesisidalredHeing- (5 AuioH Asdisiisncestatdhsh process

occurs. In appiher.aspeckof hadErsaphinvestios, hergdsduridedathedinigiestion method

applied to a target, the method comprising: Iocatin%the target for etxposure to at least one radiation
emitting device;SEIEEATE N SERPRIRAGY BILRRRRICA R RoThE'R CREAE! St FRHISHDIY 2mitting device;
and, selectively jigfegtingdhaatdmatienst tne celtsted rentoiw wakel dnigthdrard iapptbectarget by the

radiation emlttlnﬁo%%/%:ﬁm% %%fju{?cr}]nt Cgt%%eﬁ%qéﬁ%am{g% gg%qg current, the selected narrow

wavelength ban esired absorp racteristics of the target. 10b In another aspect
of the present inventiot). heétatigphviaieer iR slesentesHhEaag! Tiestivent of plastic target

components priqr {,MaJdjg AIIMRRESSISARFAIENT,CoMPYisipEs meramoRerative to locate plastic
target components in a manner facilitating the application of radmné.hea%ggéaggfh%t&ermgl monitoring
ure, thé

and control sectRANHHSWIHCH thE HISSRESHBBIEHE KPS 1SaaBiFrCE 2

il monitoring
and control sectigagoafHsipeonesorimitie setsitpiitkictoebesiehhapowivaeendgtidsénd radiant

heating elements eperalive tg SInit 1ad A EMGIAYD ALUBHIW WENEIEs: baddpiching a desired

absorptive charaete e plastic target comp nents via a direct electrical current-to-photon
conversion proceseount ofiangipihisiatirarerens prismayERisHiRER e RmeR'asiethod of

thermally treatingthermoplagticpsefouasaiastn. sretchalnw xidingineeaions, shemethod
comprising the steps of: transporting a series o%@reform throqé”ﬁ a thermal monit{Jrin %d control
g n

section of a blowRBRIRE HECHRE S RERAERR JTREPre St S VEiRY Aarrow wavelehgth b%%l radiant
‘heating elementgagerativéstsieimit cadiantEnergyg irctionanrenevgvedasghiiaidosaeshing a desired
Components of 8 T B e eng a cooling
system. blow moiding operation is retained by the preform jollowing the injection

moiding stags. More speciﬁcalty, in a one-stage process as described in the

‘039 patent, the preform is not aliowed to stabilize to room temperature after

the injection molding process. Rather, the preforms move directly from the

injection molding stage fo a thermal conditioning section and then on o ihe

blow moiding section.

The thermal conditioning section described in the ‘G386 patent has the-
properties of being able to add smaller amounts of thermal energy as well as
subjecting the preforms to controlied stabilization periods. This differs from
the reguirements of a thermal conditioning section in the 2-stage process of a

reheat biow-molding machine wherein iarge amounts of energy are required



In another aspect of the present invention, there is provided a system for selectively injecting radiant
heat into a target, the system comprising: at least one narrow wavelength band emitting element, the
at least one narrow wavelength band element being operative to emit radiation in a narrow wavelength
band of radiant heat output to match desired absorptive characteristics of the target; a mounting
arrangement to position the at least one narrow wavélength band element such that irradiation
therefrom is directed at the target; and a means for supplting electrical current to the at least one

narrow W&VEIGI‘I@IH%I%P%WW&I@)Q qwinedealestatdiceuiethab-Prroteeaiiatin conversion

process occurssingld-5iRgsli)eoia @ bR PRSIV iIRatIeMIeskiepseyiresion theti@piementation of

I b I fi f d d h highl I h I bl d
can faciltate thd URECGr ACHDR s SHAUA 1Y GFBIE 1 LSS Miheh 1oRE AW oehnioucs that

have not been awaiikdrtes listdvicatlyio prefametnkpdiiventoipe gruserarialiensas ﬁe@k to provide a
molding or othegpiageep AeiRANERLAY HR/B A SiEinhRARAHOAAIRELOAZIEREY Improved

IR energy conversion efficiency %erformance Another embodiment of the present invention seek
to provide an IRThEWiING LyRERThAFRG NeTsENei s GebtRSeRdMIEREEIARE to the particular

material being ﬂ@ﬁ@éﬁﬁdr@rsi@rﬁgﬁtgdneanmmémBQWW@m@Mm@m@mmtlon seek to

provide a thermal Ila atlgllliatlone §teén wh| aﬁ%r;[ncorRO(!at anne!_ré ineer Orpr{%Hrfe ofBEDs which
produceIRradlg? ? IEPEE cIIIoSnarrgw Wavelg ﬁ1% §o &8 may eoptlmaIIIor (Tasses of

applications.  molding process still resulis in preforms of varying thermal content entering
the blowing stage. The variations in thermal content of the entering preforms
result in finished containers of varving properties and quality. Inefficiencies in
the ability fo custom tune the IR heating process on a preform-io-preform
basis resuits in manufacturers opting {0 use a reheat biow molding method o
achieva reguired quality lavels. For this reason, for the highest production
applications, the industry’s reliance on raheat mathods persisis. Alsc,
because praforms are often manufactured by a commercial converter and
sold to an and user who will blow and fill the containers, the re-hsat process
continues 1o be popuiar.

The prospect of generally improving the efiiciency and/or functionality
of the IR heating section of blow molding machines is clearly advantageous
from both an operating cost as well as product quality perspective. Though
several attempis have been made o render improvemenis in the state-of-the-
art IR heating subsystems, clear deficiencies siili persist. Through the
infroduction of novel IR heating elements and methods, it is the intention of
the present invention to overcome these deficiencies.

In the solid state slecironics reaim, solid-state emitters or LEDs are
well known in the art.' Photon or fiux emifters of this type are known to be
commercially available and to operaie at various wavelengths from the
ultraviolet {UV) through the near-infrared. LEDs are constructed out of
suitably N- and P-doped semiconductor material. A voiume of semiconductor
material suitably processed to contain a P-doped region placed in diract
contact with an N-doped region of the same matarial is given the generic
name of diode. Diodes have many important elecirical and photoelectricat

properties as is well known in the art. For example, it is well known within the



Another embodiment of the present invention seek to provide an IR heating system capable of being
driven in a pulsed mode; said pulsed mode being particularly suited to providing IR heat to discretely
manufactured parts as they are transported during the manufacturing process or to facilitate
synchronous tracking of targets of the irradiation. Another embodiment of the present invention
seek to provide IR heating elements that are more Hirectable via metallized reflector elements.

Another embOQF-FLRQE ot H@ r@i{?&@&%@ﬁ&ﬁé‘é@ﬂ&%é&%ﬁ rﬁﬂgﬁe%nréRicbneg%% }s_){?gergdcapa_b_le of working
in conjunction Wwith a prefor temperature measurement system to provide preform-specific IR heating
capability.  rerRAIHSRdmPSdintsHETIdHEdsent meiaitetedisiorngeeriawsiR indating elements that
are fabricated astarrysH¥ sieeaursamtdwnhotandRralid-stRle LrRVLESS Hf dadiance emitting diodes

REDS). Yet her advant f embodi ts of th ti ti k to provide an
i(nfrarszi irradijf’lS%?egg(fé?% 8\4??},3}%3%}1 er&é’ﬁﬁ%ﬁ%@f’é‘i’e éf%%%ﬂg%\%%?é%ﬁéﬁ%lﬂb%narrow

wavelength bdndsr avaiMétea?rmb@nadbwt&@beofeﬂmbpdﬁamtmmqoﬂemm‘smiG’fh&seek to
provide the fugliaRAlIGABiosRs RRBAHHLABRIRAR RGOy ashalanAarin 0 NiAhly programmable

for at least one of position, intensity, wavelength, turn-on/turnoft rates, directionality, pulsing frequency,

and product triRERHCARIS begipia Raansr seridiiade e emissianlinortandyraaghsusbention seek to
provide the facilgetionteiaitonr & hepubenargy elficeot meshedalogsiednigebngbeatigagrgy compared

to current broapq\%?gndc%%%%%%sﬁds to the drop in energy of the conducted electron.

in short, LEDs operate as direct current-to-photon emitters. Unlike filament
or other blackbody type emitters, there is no requirement to transfer input energy
into the intermediate form of heat prior to being able to extract an output photon.
Because of this direct current-to-photon behavior, LEDs have the property of being
extremely fast acting. LEDs have been used in numerous applications requiring the
generation of extremely high pulse rate UV, visible, and/or near IR light. One specific
application wherein the high pulse rate property of LEDs has been particularly
useful is in automated discrete part vision sensing applications, where the visible or
near infrared light is used to form a lens focused image which is then inspected in a
compuier.

Unlike filament-based sources, LEDs emit over a relatively limited wavelength
range corresponding to the specific bandgap of the semiconductor materiai being
used. This property of LEDs has been particularly useful in applications wherein
wavelength-selective operations such as component illumination, status indication,
or optical communication are required. More recently, large clusters of LEDs have
been used for larger scale forms of visible illumination or even for signaling lights

such as automotive tail lights or traffic signal lights.
Summary Of The Invention
In one aspect of the present invention, there is provided a system for non-

contact thermal treatment of plastic target components prior to molding or

processing operations comprising: a means operative to locate plastic



Yet another advantage of embodiments of the present invention in heating bottle preforms is in
retaining the ability to heat efficiently without requiring additives which reduce the visibie clarity and
appearance qualities of the finished container. Yet another embodiments of the present invention
seek to provide a general radiant heating system for a wide range of applications to which it can be
adapted to provide the increased functionality of W&@elength selective infrared radiation in combination
with the programmability and pulsing capability. Yet another advantage of embodiments of the

present invention seek to provide the ability tg facilitate extremely fast high intensity buyst pulses with
much higher iREash CATRRRRE MR BTN %H?tg}%f@?rﬁgﬁlé?@}.’gn o g%ﬂbﬁ?@?’%’v%’ﬁ dge of
embodimentstpéihe! presestigventiotnsetkdctipnavideviiet twasttabigat@andremasity conducted away

to another locatio ere it is needed, or can be con US| ' o reduce
non-target hegjt?ﬁgﬁgv%r YERANG eé%eaé\?gﬁ’t%%%ogﬁ gﬁ? 0%%%%%%}% %‘%ﬁegsgﬁw%{ﬁgn%%eek to
provide that tmeoREDldestte e brsphcidigeidratitghelienstis ergiaiive dacstatediddirmal IR output

power levels that have heietofPie ok hgerbaractisaliAliainalies Bries Pracomsiorietsibe Drawings

Figure 1 is a cross-sectional view of a portion of an exemplary semiconductor device implemented in
one embodimeHhamRatis EEaRt fUmAISATS Via figdiral SRCLICALEUTEHBIHRAARW of a buffer layer of an

exemplary segygosdugiorsiaagee implemented in one embodiment of the present invention.

In another aspect of the present invention, there is provided a method of
thermally treating thermoplastic preforms prior to stretch blow molding operations,
the method comprising the steps of: transporting a series of preforms through a
thermal monitoring and contro! section of a biow molding machine; irradiating the
preforms using RED-based radiant heating elements operative to emit radiant
energy in a narrow wavelength band matching a desired absorptive characteristic
of the preforms; and removing waste heat from air and mechanical components of
the thermal monitoring and control section of the blow molding machine using a

cooling system,

in another aspect of the present invention, there is provided a system for

selectively injecting radiant heat into a target, the system comprising: at least one
solid state radiation emitting device element (RED), the at least one RED element
being operative to emit radiation in a narrow wavelength band of radiant heat
output to match desired absorptive characteristics of the target; a mounting
arrangement to position the at least one RED element such that irradiation
therefrom is directed at the target; and a means for supplying electrical current fo
the at least one RED element whereby a direct electrical current-to-photon

radiation conversion process occurs.

In another aspect of the present invention, there is provided a heat
injection method applied to a target, the method comprising: locating the target for
exposure to at least one radiation emitting device; selectively supplying electrical
current to the at least one radiation emitting device; and, selectively injecting heat
in at least one selected narrow wavelength band into the target by the radiation
emitting device based on the selected supplied electrical current, the selected

narrow wavelength band matching desired absorptive characteristics of the target.



Figure 3 is a cross-sectional view of a quantum dot layer of an exemplary semiconductor device
implemented in one embodiment of the present invention. Figure 4 is a cross-sectional view of a
radiation emitting diode including a quantum dot layer implemented in one embodiment of the present
invention. 13 Figure 5 is a cross-sectional view of a radiation emitting diode including a quantum
dot layer implemented in one embodiment of the ptesent invention. Figure 6 is a cross-sectional
view of a radiation emitting diode including a quantum dot layer implemented in to one embodiment of
the present invention. Figure 7 is a cross-sectional view of a laser diode including a quantum dot
layer implemented intdAedheb saraeRidhee greidnveniientitiere is Mgrdedahvsigmafgraphical

representation,gh a SHetRIER-P GRUGABAUSIAIA8Y GRget components prior to molding or
processing operations comprising: a means operative to locate plastic target
components in a manner facilitating the application of radiant heating; and a
thermal monitoring and control section into which the plastic components are
located for exposure, the thermal monitoring and control section comprising one or
moré semiconductor-based narrow wavelength band radiant heating elements
operative to emit radiant energy in a narrow wavelength band matching a desired
absorptive characteristic of the plastic target components via a direct electrical

current-to-photon conversion process.

In another aspect of the present invention, there is provided a method of
thefmaiiy freating thermopiastic preforms prior to stre’;ch blow molding operations,
the method comprising the steps of: transporting a series of preforms through a
thermal monitoring and control section of a blow molding machine; irradiating the
preforms using narrow wavelength band radiant heating elements operative to
emit radiant energy in a narrow wavelength band matching a desired absorptive
characteristic of the performs; and removing waste heat from air and mechanical
components of the thermal monitoring and control section of the blow molding

machine using a cooling system.

In another aspect of the present invention, there is provided a system for
selectively injecting radiant heat into a target, the system comprising: at least one
narrow wavelength band emitting element, the at least one narrow wavelength
band element being operative to emit radiation in a narrow wavelength band of
radiant heat output to match desired absorptive characteristics of the target; a
mounting arrangement to position the at ieast one narrow wavelength band
element such that irradiation therefrom is directed at the target; and a means for
supplting electrical current to the at least one narrow wavelength band element

whereby a direct electrical current-to-photon radiation conversion process occurs.

Embodiments of the present invention seek to provide for the implementation
of small or substantial quantities of infrared radiation devices that are highly

wavelength selectable and can facilitate the use of infrared radiation for whole new



Figures 9 and 10 show the relative percentage of infrared energy transmitted through a 10 mil thick
section of PET as a function of wavelength. Figures 11a, 11b, and 11c show a typical ensemble of
individual RED emitters packaged together into a RED heater element. Figures 12a and 12b show
the preferred deployment of RED heater elements within a blow molder. Figure 13 shows a
preferred method for the thermal treatment of prefo?flns as described by this invention. Figures

14-16 show altqgggé% gthﬂgaﬁifor thr? t,[réegrrgal lreatr erbteorfotﬂ?r&o \,Ig%%(fepreforms according to this
invention. igure ows RED Hea er elements %elng advantageously applied to a dynamically

transported pafisPsealied Description Of The Invention The bengfits of providing wavelength
specific irradiation cap bg-eairrrdphogkinel-adnBRsticdl Frdirrthealing,samele. Assume that

a material which is generally transparent to electromagnetic radiation from the visible range through

 the mid-infrareBP5f%e PEQIRIEHbRSERbAHY fo L5Tpalt B heating SEteminpS1sfiitfon. Also
assume that thiageve et g parert st efadidesy peréorewsraet significant molecular absorption band

positioned between 3A%'%Bng636%%gw8m%§e{§% 'Enpeesg% Irgﬁggsscg' e%a oV ejs reﬁ)éesentative of how

the presently describe odiments might ost advantageously applie Wwithin Industry. If the

parameters of {Hi3tipg i pryireds eatkgliansretiseractanse tHeedde beraaiiagwateating
techniques, therpiggrRNbSHRienekthe=arbivarideall for the use of quartz lamps operated at

Ancther embodiment of the present invention seek to provide a thermat IR
radiation system which can incorporate an engineered mixture of REDs which produce
IR radiation at such selected narrow wavelength bands as may be optimal for classes
of applications.

Another embodiment of the present invention seek to provide an IR heating
system capable of being driven in a pulsed mode; said pulsed mode being particularly
suited to providing IR heat to discretely manufactured parts as they are transported
during the manufacturing process or to facilitate synchronous tracking of targets of
the irradiation.

Another embodiment of the present invention seek to provide IR heating
elements that are more directable via metallized reflector elements.

* Another embodiment of the present invention seek to provide an IR heating
system capable of working in conjunction with a preform temperature measurement
system to provide preform-specific IR heating capability.

Another embodiment of the present invention seek fo provide IR heating
elements that are fabricated as arrays of direct current-to-photon IR solid-state
emitters or radiance emitting diodes (REDs).

Yet another advantage of embodiments of the present invention seek to
provide an infrared irradiation system of substantial radiant output at highly -
specific single or multiple narrow wavelength bands,

Yet another advantage of embodiments of the present invention seek to
pfovide the functionality to produce poweriul, thermal infrared radiation and to be
highly programmabile for at least one of position, intensity, wavelength, turn-onfturn-

off rates, directionality, pulsing frequency, and product tracking.



14 a filament temperature of approximately 3000K At this filament temperature, fundamental physical
calculations yield the result that only approximately 21% of the total emitted radiant energy of a quartz
lamp falls within the 3.0 to 325 micrometer band wherein advantageous energy absorption will occur.
The ability to generate only wavelength-specific radiant energy output as described within this
disclosure holds the promise of greatly improving t & efficiency of various process heating

applications. _ Thevgbiegh pventiands diiseiInlalsd dpdIgreland g aopigach to be able o

directly output substantial quantities ot'infrare lation at selected wavelengths for the purpose of
replacing suchHFréddeimaliizéianesiceyore inRelntraxofiness nedwdptasydatioeittessing technology

have resulted jpsherRyg)abiityeh direc-ele eirassteniheton sglid-state emitters that operate in the

general mid-infrared range above 1 micrometer (1,000 ngnometers), These solid state devices operate
analogous to commo@ﬁgﬂ? ﬁ%’@rﬁgﬁé’? es %‘Hﬁ/&ﬁ@? BE L AV IR REHE B Ut emit true,

the_rmal IR endrgilcaprifertonigen raidinhntyahe(bWy&émgtf@ﬁcTMb@vﬂinemmeqnmm;amwmss of devices
which tiize ayapiBdIRL irchialROy g LhA e BLOKEJN AL BeefiRR W bishifaye prevented

useable, cost effective solid state devices from being produced which could function as direct electron

to photon converters V#h88ehaipubrijRetid oS RIerroHERianERe e FiRYideramsensivelength
band. To diglinguishitysyaes ctasswalslriige ofepmithsope iy antipnatshpdaayaetength devices

(LEDs), these devices, are more rapriately described as radiance or radiation emitting diodes
(RED). The dE o e B R e R T 2 iy e
wavelength raggebfgtiprepitotes tirgirRynmabiibraishpideind gerabiilscessing operations, REDs can be

tuned to emit at specifig, wayALRATIN IR aremealASHaRIAlE S ARAMIRMaBERdANt treatment

application. In addition, innovations in RED technology related to the formation of a doped planar
region in contalIWtR &5 BPENIRIAFHBIRBTETSH BRI et inBuFhg UResbiied array of small

areas of materiaLioh bighatinstaitésdonsgersarsitintah stemdy intHe itaegetiyd IR range and potentially
beyond has evolved. J{i3 [aRHCRHAMEEIY HG - LRRTSr BHE DRSS SRR Of

provide that waste heat can be easily conducted away fo another location where it is

needed or can be conducted out of the using environment to reduce non-target

heating.

Yet another advantage of embodiments of the present invention seek to
provide that the RED devices can be packaged in high density to vield solid state,
thermal IR output power levels that have hereiofore not been practically attainable.

Brief Description Of The Drawings

Figure 1 is a cross-sectional view of a portion of an exemplary
semiconductor device implemented in one embodiment of the present invention.

Figure 2 is a cross-sectional view of a buffer layer of an exemplary
semiconductor device implemented in one embodiment of the present
invention.

Figure 3 is a cross-sectional view of a guantum dot layer of an
exemplary semiconductor device implemented in one embodiment of the
present invention.

Figure 4 is a cross-sectional view of a radiation emitting diode including a

guantum dot layer implemented in one embodiment of the present invention.



15 novel semicondudtor compounds, adequately applied would yield suitable pseudo-monochromatic,
solid-state mid-infrared emitters for the subject invention. Alternate semi-conductor technologies may
also become available in both the mid-infrared as well as for long wavelength infrared that would be
suitable building blocks with which to practice this invention. Direct electron (or electric
current)-to-photon conversions as contemplated within these described embodiments occur within a
narrow wavelength range often referred to as pseudo-monochromatic, consistent with the intrinsic
band-gap and quantuRigiot geisraatryssfshisiteaiativaecol o dadatine emirandicpaiagiudéinghe

half-power bangujqlie f capdidaie R eiless Wik B BBEIRMACER #ihindl 20-500 nanometer
row width of infr

range. The narr _ ared emitters of this type should support a variety of
wavelength-spdeifdifieadiation applications as identified within the content of this complete disclosure.

One family of RED dewigas=am¢ theieshastaayaviiewhich tadhakentbentiaedodiseionidrgeparate
patent application, U. thp Eg[cation,Se lal NQ. 0/6,[2E3 330 f'Iegion ovember 16h12004, entitled

"Quantum Dot Sét r[@’&iggp{ i P?ae PSS Foy AN

R palelel & HISRA :
ar'Sihharoy and Dave Wilt as inventors
(Attorney Dockétveaii&R]l.P.US0002; Express Mail Label No, EL 726091609 US), which application is

incorporated herein bi-{SIRIONGE, cra ACRHIRG (LIS QUEBI B Semiiand sishRRyice

application, semiconductor devices are known in the art. They are employed in photovoltaic cells that

| Yy
convert electrorfgiFEE iﬁélﬁﬂ%ﬁﬁ@%ﬁ%&%@?‘ﬁ%@&&%@?éﬁﬁsﬁgg‘%@é‘ﬁﬁ}oyed as light emitting
diodes (LEDs), which eeiiyertelreitical @aergyaniorsireinmiagnstic sadiatiREDe.g., light). For most
semiconductorha%gggcatigns a desired bandgap (electron volts) or a desired wavelength (microns) is
targeted, and t St Hat?& ?Yécﬁrepared in a manner such that it can meet that desired bandgap
range or wavelength raigiges 9 ahdelabifgvidracratativa paitietiagsval/sBatA epigission or electron

volt of enerqy is gl iial Wlssd, e eamisaadetapis drmted by dhesalestionahaasiguar materials,
their energy gap, their lattice constant, and their inherent emission cagfbiliti,e& One tﬁﬁique that has

been employed to taildFigEaeiiBondRcROISIEIRERY S SHEY BaFBF [riRehyEsR ds.

emitiers packaged fogether into a RED heaier element.
Figures 12a and 12b show the preferred depioyment of RED hsater
elements within a blow molder.
Figure 13 shows a preferred method for the thermal treatment of
preforms as described by this invention.
Figures 14-16 show alternate methods for the thermal treatment of
thermoplastic ;ireforrns according o this invention.
Figure 17 shows RED heater elsments being advantageously applied
to a dynamically transporied part. '
Detailed Description Of The Invention
The benefits of providing wavelength specific irradiation can be
illustrated by looking at a hypothetical radiant heating example. Assume that
a materiai which Is generally fransparent to electromagnetic radiation from the
visible range through the mid-infrared range requires process heating to
support some manufacturing operation. Alsc assume that this generally
transparent material has a narrow but significant molecular absorption band
positioned between 3.0 and 3.25 micrometers. The example described above
is representative of how the presentiy described embodiments might be most
advantageously applied within industry. If the parameters of this particular
process heating application dictated the use of radiant heating technigues,
the current state-of-the-art would call for the use of quartz lamps operated at



16 By varying the compositional characteristics of the device, technologically useful devices have been
engineered. The design of the semiconductor device can also be manipulated to tailor the behavior
of the device. In one example, quantum dots can be included within the semiconductor device. These
dots are believed to quantum confine carriers and thereby alter the energy of photon emission
compared to a bulk sample of the same semicondudir. For example, U.S. Patent No. 6,507,042
teaches semiconductor devices including a quantum dot layer. Specifically, it teaches quantum dots of
indium arsenide ifeks} thiapsddptshbdmmmedmsie p BRI oAl BreRle (InxGal-xAs). This

patent disclose iss] edpgr,g s eatedyviththe-guantum dots can be
controlled by cgﬁﬁgﬁ%ﬁ%ﬁga@%ﬁ%ce rﬁi%ﬁ&:ﬁhﬁgge&ﬁn thﬁﬂqﬁggé%dr%dc% (h.e., InAs) and
|

the layer onto vaeFoRBatsly 2rd B dBREAE @MiHiRE SAYRT). SREH A Bd&8%ne fact that
the lattice mismatghing,pelwasmn i xGaimshs sahatiete aiv aivarisogeantanednt can be controlled

by altering the leyel of indium within the In I-xAs substra N iadivmswithin the
inxGal-xAs sub :}fé“%'?ﬁ‘c%n@&&&?ihe %gﬁﬁ%ﬁnﬁgﬁg%‘ﬂr% E@%g%:%é%&@gr%pg ﬁ%%\%@?;ngth
associated with ginetpnceimission ds sndieabeitfindhithdissieryyybplds der rraseas MmMaERMhis patent

discloses that appseaze:in b ageul RSB bR RsssHbsitmircaamabout 10% (o about 20%
avelengt

can increase the of the associated photon from about 1.1 Fm 0 about 1.3, um, While
the technology disclosé8%reUbiscb ENERRTIGH. 1B GiRCBY SSRRFIL O QLB BrEURIRE EEVIcs that can
emit or absorb photans havipstR wavele gt rimaoytardities, dhimEbibty tadiatieast the amount of
indium within an InxGal-xAs substrate.is |imited. in ot | thedey @C{r{gw is increased
above 20%, 309%8° E%W%%y&r{ﬁ@%é%ﬂ{ehee L?r%%%%éftﬁ%ﬁ%%ﬁ%i%ots v%it%n crysftal structure become
limiting. This is especially true where the inxGal-xAs substrate is deposited on a gallium arsenide

(GaAs) substrate or walgr. Accordingly, devicas shat.emitaeabsonyRbstertogl Inager wavelength
(lower energy gap) cannot be achieved by emplaying the technology dis I%S‘taéjeiarr]m Srs Pi%gnt No,
6,507,042, 17 Feswa%ﬁiﬁ@ﬁ\fﬁ&%h‘{ﬁ&%@ﬁ?%&?ﬁ&fﬁ%”at@é%%ﬁ%gﬁ?}ﬁg 8

8 semlcon%ucttor devices that
emit or absorb phgieRRGH Wayekengt) langiertrad faldetandhere meonamsteriieé®for a semiconductor

device of this na}'xuargé)meters). These solid state davices operate analogous 1o common light
emitting diodes (LEDs), only they do not emit visible light but emit frue,
thermal IR energy at the longer mid-infrared wavelengths. These are an
entirely new class of devices which utilize quantum dot tachnology that have
broken through the barriers which have prevenied useable, cost effective
solid state devices from being produced which could function as direct
slectron to photon converters whose output is psaudo-monochromatic and in
the mid-infrared wavelength band.

To distinguish this new class of devices from the conventional shorter
wavelength devices (LEDs), these devices are more appropriately described
as radiance or radiation emitting diodes (REDs). The devices have the
property of emitting radiant electromagnstic energy in a tightty limited
waveiength range. Furthermore, through proper semiconductor processing
operations, REDs can be tuned o emit at specific wavelengths that are most
advantageous to a particular radiant freatment application.

in addition, innovations in RED technology related to the formafion of &
doped planar region in contact with an oppositely doped region formed as a
randomiy distributed array of small areas of material or quantum dots for
generating photons in the targeted IR range and potentially beyond has
evolved. This fabrication technigue, or others such as the deveiopment of



In general, a RED provides a semiconductor device comprising an InxGal-xAs layer, where x is a
molar fraction of from about 0.64 to about 0.72 percent by weight indium, and quantum dots located on
said InxGal-xAs layer, where the quantum dots comprise InAs or AlzInl-zAs, where z is a molar
fraction of less than about 5 percent by weight aluminum. The present invention also includes a
semiconductor device comprising a quantum dot comprising InAs or Alzinl-zAs, where z is a molar
fraction of less than about 5 percent by weight aluminum, and a cladding layer that contacts at least a

portion of the quapiyREEAtoNES R ERS MAtkice constaniualshe appiatiimoddd gieddsaittaidelding layer are
mismatched by at legst 1.8% and by.less than 2,4%. ., . semiconductar devices include a
guantum dot Ia;?élefﬁ%?ﬁmﬂﬁ%%] i aE‘F“SeSrOnil esa%%isTIgr ‘grﬂ%npﬁduﬁﬁl# ium aﬁggr%?g%gzjnl-zAs where z
is equal to or less/érdion. OSfemattsaricrrsheip iigihnolRdiee R aTegRRDa XAy er, which

may be referreq&q)lgﬁjemg%%%f%ﬁéd%%t%ﬁ@é’%%@“%@g%ﬁﬁﬂﬂﬁﬁiﬁ therdssianstthe

InxGal-xAs matrix layer are mismatched. The lattice mismatch may b$ at least 1.8%, in other
embodiments afWkia BITHIRIRSKE WBBATRER O R RG89 WRAIRbther embodiments at least
2.05%. Advantageouslyirthe snistraichrarybie ssdhar@hampotbenemiiodmzents less than 3.0%, in

other embodiments less.than 2.5%, and in other embodli S N, 220, r more
embodiments, tﬁgqftﬁm:%i%%ﬁs ét?l'fno %See@& ﬁﬁﬁ‘g ﬁ%ﬁiﬁ%g%i%g@ ?g%srs%'éaarlﬁ ?ﬁ'g)?ﬁtic_e constant of
the dots.  Inweeséseathodientanhefertad Koss MrektatE@BRrEFPMRERICONS BIGREME matrix, the

molar COT‘Ce”tra%ﬂ%%&ﬂb‘%‘é}%:(B?gaé)éﬁﬁf&i}éhﬁﬂmi BomRi SisismabstB@m@hout 0.55 to about
0.80, optionally from about 0.65 to about 0.75, optionally from E%B'Om 0.66 to %g%g%% and optionally

from about 0.67aBEbut0FBNtICPRFEEHE Bt R e DRI RBRE BT XSAT ladting matrix is
located on an ingidmdphosp el eumavaestislevinP A ) i ntnatietattieageatditediartbe InxGal-xAs

cladding matrix. In gne .ar more, embodiments the inpP - ES‘WEQ Gal-xAs
cladding is depo\gffgh Psfog}%op%%egfe A rf') SFglﬁ?/%?%&ﬁd%%ﬁ%‘é@%ﬁ@%é@%%[fis%:%ﬁe) InF{I-%yfg%yers that
exist between thepiesiGalreaiatii annjicaiiptseasupsnitied MBI imite asessidRuctor is supported.

In one or more empoRimeRis, (a8 SUbSlate SANBriRE ARIRdiIT A 9sphide (1R wafer. The

semiconductor may also include one or more other layers, such as InxC?al—xAs Llaé rs, positioned
between the inxWRISINS TakGiNEEhA e SRRk AR SEPeEiE BABRRRIE Y owR in Fig. 1. Fig. 1, as
well as the otherdjguiresi@resaheNatElrepic3en itansadvara ot thalkiiDd sclitiedith respect to the

thickness of each aver, o coPRINSOL, BLWLP AERRE AN GIRIRE S, sk aRaRAs fipeI5iqs between
each layer comparatively. .

Wikt as inventors (Attorney Docket No. ERLP.US0002; Express Mail Label No.

EL 726091800 US), which appiication is incorporated herein by reference.

According to this *Quantum Dot Semiconductor Device” application,
semiconducior devices are known in the art. They are employed in
photovoltaic cells that convert electromagnetic radiation to eleciricity. These
devices can also be employed as light emitting diodes (LEDs), which convert
electrical energy into slectromagnetic radiation (e.g., light}. For most
semiconductor applications, a desired bandgap (electron volts) or a desired
wavelength (microns) is targeted, and the semiconductor is prepared in &
manner such that it can meet that desired bandgap range or wavelength
range.

The ability to achieve a particuiar wavelength of emission or electron
volt of energy is not trivial. Indeed, the semiconductor is limited by the
selection of particular materials, their enargy gap, their lattice constant, and
‘their inherent emission capabilities. One technique that has been employed
o taiior the semicond‘uctor device is to employ binary or tertiary compounds,



Device 1000 includes substrate 1020, optional conduction layer 1025, buffer structure 1030, cladding
layer 1040, and dot layer 1050. As those skilled in the art appreciate, some semiconductor devices
operate by converting electrical current to electromagnetic radiation or electromagnetic radiation to
electrical current. The ability to control electromagnetic radiation or electrical current within these
devices is known in the art. This disclosure does notthecessarily alter these conventional designs,
many of which are known in the an of manufacturing or desi%%n semiconductor devices. In one

embodiment, sBYStRIENEGDE eempASESTRLRIA PHESSHE EhilssRsF R Ysubstrate 1020
may be greater {hsi 2R0i0UERRS: iIpRiRengmbadiments greater than 300 microns, and in other

embodiments greater,ILEan 350 migrons. Advantageously,.the thickness may be le st(guan 700 microns,
in other embodiments'| %éjﬁ‘?‘é%négot%ﬁi(?Porrr]lgf}gﬁaa%l?n%i%}r]Cegm%aond?n?é)n S 1C& ua{ﬁ%g Cmicrons.  In
one or more eniGitheritshtheosermnicenthviter devicesravivienadantyropatnedy iclude an epitaxially

grown layer of indiugmatasphide UaRIhe iskasaer s solriialieasaesadym phosphide layer

may be from about 10 nm to a micron. In one embodiment, optional conduction layer 1025

comprises indiHAEHTIRERR R TRRERM AR T 81R0IaR &RieMPIREIP N ATIRRIM .., x) within this

layer may be frefnahout @54 bairkeuhAdb: priicnalydeaficahoutias 2Roraxawiflsh4).8nd optionally
from about 0.53.to ahqut 0.5 e or_ 19 mare embaodiments, conduction layer 1025 is lattice
matched to thjﬁ?ﬁ%ﬁ%y&ég’n&&%% C&?g’ns?gfl!ecro Tgﬁgq %a%egg %Sobneg t%na? &v%‘nagjg le and of an
appropriate thictnidsyan ofgercticaivili¢csatiniahtasnitonmidate on dubtvmpres AdsverdeWied. In one or

more embodimepts, the thickaess may: beifaTAbaHL M LdBiGERI IR-aRRHL A nictaRs, optionally from

about 0.1 micron to about 1 micron. In one or more embodiments, buffer layer 1030 comprises
indium phosphdtBifsbREHRRES AL FIFsHARY EIRBOHI REHIS RRRBUHESRARA 2B Bomprises at
least two, optioriadlyyakteast Hyeesptenalhtralidesisy tamiratichp fitio aatiy.at lebistfiee INPl-yAsy layers,

with the lattice constant,of each layer.increasing.as the,laye OSiti r substrate
1020. For examﬂ@%ﬁ%hén (?éepm%é iF] E@“E”Tbu fé? %rdl?:%{uﬁeﬁ %iéﬁ%séﬁ%‘egg #ét‘%%%@%yer 1032,
second buffer IdperdtiS4ranarnistasifter |ipra036sThe Nstasieriyase ditaes o d10PBUfer
structure 1030 ig,agincentio-swhstiate- 1070 Anbinarionpianeradase ki3 %l buffapstructure 1030

is adjacent to barrier layer 1040. The lattice constant of second layer 1034 is greater than first layer
1032, and the IHHEB'EBRGRHAET B EEYEIXbaS AU TR IS BFPLEE SHHE, B 1530

InxGa1-xAs subsirate. As the amount of indium within the InxGat-xAs
subsirate is increased, the degree of mismatching is decreased, and the
wavelength associated with photon emission is increased (i.e., the energy

- gap is decreased). Indeed, this patent discioses that an increase in the
amount of indium within the substrate from about 10% to about 20% can
increase the wavselength of the associated photon from about 1.1 um fo about
1.3 um.

While the technology disclosed in U.S. Patent No. 6,507,042 may

prove useful in providing devices that can emit or absorb photons having a
wavelength of about 1.3 um, the ability o increase the amount of indium
within an InxGa1-xAs substrate is limited. in other words, as the level of
indium is increasead above 20%, 30%, or even 40%, the degree of
imperfections or defects within crystal structure become limiting. This is
especially tfrue where the InxGa1-xAs substrate is deposited on a gallium
arsenide (GaAs) subsirate or wafer. Accordingly, devices that emit or absorb
photons of longer wavelength (lower energy gap) cannot be achieved by
employing the technology disciosed in U.S, Paient No. 8,507,042



As those skilled in the art will appreciate, the lattice constant of the individual layers of buffer structure
1030 can be increased by altering the composition of the successive layers, in one or more
embodiments, the concentration of arsenic in the InP1-yAsy buffer layers is increased in each
successive layer. For example, first buffer layer 1032 may include about 0.10 to about 0.18 molar
fraction arsenic (i.e., y), second buffer layer 1034 mb include about 0.22 to about 0.34 molar fraction
arsenic, and third buffer layer 1036 may include about 0.34 to, about 0,40 molar frac é arsenic. In

one or more embodinf&HY R IFERERYR a?EéW%DHQ\%Q?ﬁﬁ @ﬁ?&ﬂ‘?’@rﬁﬁ%ﬁ’?? “Petween layer

1032 and |ayercﬂ&@é@@'$H@§@rthﬁ@r%§dmo;lﬁrofmlomtwsiba@avecmgmﬁaayi defeats fbmed between
successive buffer Iaﬁ'ers Whla may res% It d {&t@g\”cha@&@ J%t %constant resulting from the
increase in the S8R &JI5t8 t Aot be Hetetelis et the semiconductor. Techniques for using
critical composition gr‘armg!ma‘hls REFasioidaese RaoWIPBESWRBEABEEHCONRIBH R No. 6,482,672,

which is incorpayglec netelny 1</RESRGE s o BIEPRAEIPER AORGHEIRTDARS dbisknesol frt

buffer layer 1032 may be from about 0.3 to about 1 micron. in one or more embodiments, the top

buffer layer is g@W@%ﬁPﬁhWﬁ&%’%é‘tﬁPeW@'@%Ig%ﬁlmaﬁﬂé}%% LGRS In one or
more embodimexytss, tﬂﬂe@mdmﬁmuﬁm tayeratprisedn tiedopl2BR0p iterrstrstare 1030 (e.g.,

buf_fer layer 10352)‘%% g%geere ve %é L}gg 5 Fnt[;{‘,ﬁqj5 }t,h\%@r{é%r?‘n@ 5.869 A to apqut 5.960 A,

optionally from AR one‘orm iments, the individual buffer
layer at or near the bo'f’tmml@ﬂﬂbfrbmmgtﬂﬁ%mf@@d@@ LG BEHSIUGIPE CETB2) is preferably

engineered withip the:confines af the eiicalsompRsian grasing 1eskaiguerinade s, inasmuch

as a first buffer layer (e.g., buffer layer 1032) is deposited on and an InP w ﬂizfer tggfamount of arsenic

present within tREFH30 IS ﬁ%?qgvﬁP@b@uq%@?rfBQE?stg HPHBIERAGRRY " Cladding layer
1040 Comprlseﬂéoéﬁﬁbxé@nmatoém@Ee;;@mboctm‘temqumeayémisvmeferﬁtmlyd’QMe matched to

the in-plane lattice c?n?tap of the tc% nt)) %tc%c?cﬁ ég)%']eo Hf]@j’ Egylé@ture 1030. The

e (i
term lattice mat&Qea reters OSS%%%%SSIV ayers that are C erlzed ttice constant that are

within 500 partsigastrhiffsrag@ hlessdpoilehe another.
The semiconductor devices inciude a guantum dot layer including

indium arsenide {inAs) or aluminum indium arsenide (Alzin1-zAs where z is
equal 1o or iess than 0.05) guantum dots on an indium galiium arsenide
(inxGat-xAs) layer, which may be referred to as an inxGat-xAs matrix
cladding. The iatiice constant of the dots and the inxGa1-xAs matrix layer ars
mismatched. The lattice mismatch may be at least 1.8%, in other
embodiments at least 1.9%, in other ambodiments at taast 2.0%, and in other
embodiments at least 2.05%. Advantageously, the mismatch may be less
than 3.2, in other embodiments less than 3.0%, in other embodiments less
than 2.5%, and in other embodiments iess than 2.2%. In one or more
embodiments, the latlice constant of the InxGa1-xAs mairix cladding is less
than the lattice constant of the dots.

in those embodiments where the dots are located on an InxGa1-xAs
cladding matrix, the molar concentration of indium (i.e., x) within this cladding
mairix layer may be from about 0.55 to about 0.80, optionally from about 0.65
to about 0.75, optionally from about 0.66 to about 0.72, and optionaily from
about 0.67 to about 0.70, |

In one or more embodiments, the InxGa1-xAs cladding matrix is
iocated on an indium phosphorous arsenide (InP1-yAsy) layer that is lattice
matched to the InxGat-xAs cladding matrix. In one or more embodiments,



In one or more embodiments, cladding layer 1040 may have a thickness that is from about 10
angstroms to about 5 microns, optionally from about 50 nm to about 1 micron, and optionally from
gbc_)ut 100 nm to about 0.5 microns. In one or more embodiments, quantum dot layer 1050 comprises
|nd|um_ arsenide (inAs). Layer 1050 preferably includes wetting layer 1051 and quantum dots 1052.
The thickness of wetting layer 1051 may be one or 6o mono,layers. In one embodiment, the thickness
of dots 1052, measured from the bottom 1053 of layer 1050 and the peak of the dot 1055 may be from
about 10 nm totfa R RgBsyiayestomalyionidbu e N socisting HodaRo sk dp oy from about

30 nm to about 130 L AlSR AaRE EBRENBEbr discrete) InP1-yAsy layers that exist
betwesn the InxGal-xAs cladding and the substrate onto which the
semiconductor is supported. in one or more embodiments, the substrate
comprises an indium phosphide (InP) wafer. The semiconductor may also
inciude one or more other layers, such as InxGa1-xAs layers, positioned
batween the InxGal-xAs cladding and the substrate.

One embodiment is shown in Fig. 1. Fig. 1, as well as the other
figures, are schematic representations and are not drawn to scale with
respect to the thickness of each layer or component, or with respect o the
relative thickness or dimension between each tayer comparatively.

Device 1000 includes subsirate 1020, optional conduction tayer 1025,
buffer structure 1030, cladding layer 1040, and dot layer 1050. As those
skilied in the art appreciate, some semiconductor devices operate by
converting electrical current to electromagnetic radiation or electromagnetic
radiation o elecirical current. The ability 1o control electromagnetic radiation
or elactrical current within these devices is known in the art. This disciosure
does not necessarily alter these conventional designs, many of which are
known in the art of manufacturing or designing semiconductor devices.

In one embodiment, substrate 1020 comprises indium phosphide {InP).
The thickness of InP substrate 1020 may be greater than 250 microns, in
other embodiments greater than 300 microns, and in other embodiments
greater than 350 microns. Advantageously, the thickness may be less than
700 microns, in other embodiments less than 800 microns, and in other
ambodiments less than 500 microns.

in one or more embodiments, the semiconductor devices envisioned
may optionally include an epitaxially grown layer of indium phosphide (InP).
The thickness of this epitaxially grown indiumn phosphide layer may be from
about 10 nm to about 1 micron.

in one embodiment, optional conduction layer 1025 comprises indium
gailium arsenide (InxGa1-xAs}. The molar concentration of indium (i.e., X)
within this layer may be from about 0.51 to about 0.55, optionalty from about
0.52 to about 0.54, and optionally from about 0.53 to about 0.535. Inoneor



21 the average diameter of dots 1052 may be greater than 10 nm, optionally greater than 40 nm, and
optionally greater than 70 nm. In one or more embodiments, quantum layer 1050 includes multiple
layers of dots.. For example, as shown in Fig. 3, quantum dot 1050 may include first dot layer 1052,
second dot layer 1054, third dot layer 1056, and fourth dot layer 1058. Each layer comprises indium
arsenide InAs, and includes wetting layers 1053, 1059, 1057, and 1059, respectively. Each dot layer
likewise includes dots 1055. The characteristics of the each dot layer, including the wetting layer and

the dots, are supsiandiihssimilaraktbadgbiiheiapeedons bddterticatchediispaseiPbetween each of
dot layers 105%@%54 1056, and 1058, are intermediate cladding layers 1062, 1064, 1066, and 1068,
respectively. T ﬂﬁ%ermediate cladding layers comprise InxGal-xAs. In one or more embodiments,
the inxGal-xAs interméiiateicladdayptal?s areysbstapeially sigitan ofigertaltoasladding layer 1040,

In other words, %}%é&@g&@m?&%@mwd@y%sp%@i@éeéefﬁa%m%&ﬁeaﬁ%%&emm@rr layer 1040,

which is preferably lattice matched to top buffer layer 1036. in gne or more emb?diments, the
thickness of intERYRRIARE T8y SFsOISB” M52 Sl RN o 6aHTAG BB FO MBI RA 8 Bibout 50 nm,

optionally from abgaithonse te abeut 3ennroray)deitiessllrdroratalnd 1 enivrototatabut20 nm. As
noted above, the various layers surrounding the quantum dot layer may be positively or negatively
doped to manipmﬁré)%mrent flow. Techniques for manipulating current flow within semiconductor
devices is know in the larbas deswribadnimdéranipldufian I8y EatORDSO6)8TIsSANABIAB2 672, and

6,507,042, which e, GRIROLALEA Be iU selolencechaleaiBblambrenas: Budte: aiyBodiments,

regions or layers can be doped "p-type" by employing zinc, carbon, cadmium, beryllium, or
magnesium. On{PeSotRBIIERE FEgRRIY 1 A IRTEIR %téecﬁﬁ;éﬁreﬁit%gm'ﬁ@‘&rﬁﬁg%ﬁ%gﬁfi’con, sulfur,
tellurium, seleniufy gefigraniviat iekNive nFeemikredoldihdibeitetien visimimut chrdm prepared by
Various semicor B g A L R By oA g mpiay
(OMVPE). in onexamatreahibedistenisd the dbtdapefey phapive HEnmbiAgs Breefi?ming
technique 22 sygh.as e Sianskikesiaapy: Mese Brkimeds)EhiajechoBrie Thdessdaed in U.S.
Pat. No. 6,507,042, which is incorporated herein by reference.

layer surface 1031 of buffer structure 1030 is adjacent to subsirate 1020, and

the top planer surface 1039 of buffer structure 1030 is adjacent to barrier

layer 1040. The iattice constant of second tayer 1034 is greater than first

layer 1632, and the iattice constant of third iayer 1036 is greater than second

layer 1@34.

As those skilled in the art will appreciate, the iatiice constant of the

individual layers of buffer struciure 1030 can be increasead by altering the

composition of the successive layers. in one or more embodiments, the

concentration of arsenic in the InP1-yAsy bufier layers is increased in each

successive laver. For example, first buffer layer 1032 may include about 0.10

to about 0.18 molar fraciion arsenic (i.e., v}, second buffer layer 1034 may

include about 0.22 fo about 0.34 motlar fraction arsenic, and third buffer layer

1036 may include about 0.34 to about 0.40 molar fraction arsenic.

In one or more embodiments, the increase in arsenic between adjacent

buffer layers (e.g., between layer 1032 and layer 1034) is less than 0.17

molar fraction. I is believed that any defects formed between successive

buffer layers, which may result due to the change in lattice constant resulting

from the increase in the arsenic content, will not be deleterious fo the

semiconductor. Techniques for using critical compaosition grading in this



One embodiment of a radiation emitting diode (RED) including a quantum dot layer is shown in Fig 4.
RED 1100 includes base contact 1105, infrared reflector 1110, semi-insulating semiconductor
substrate 1115, n-type lateral conduction layer (LCL) 1120, n-type buffer layer 1125, cladding layer
1130, quantum dot layer 1135, cladding layer 1140, p-type layer 1145, p-type layer 1150, and emitter
contact 1155. Base contact 1105, infrared reflector 2010, semi-insulating semiconductor substrate
1115, n-type lateral conduction layer (LCL) 1120, n-type buffer layer 1125, cladding layer 1130,
quantum dot layesHit85rarchalatdmgdagapdd 40l Asddmidis B 4B85er8emidondtictor layers
described abovg t include numerous highly conductive materials.
Exemplary matgﬁ%?ge%zﬁc%%%ﬁggﬁ%%ys (especially when_adjacent to p-regions),
gold-germanium alloy, |Brrg61@ R ﬁﬂ@%‘?‘aﬁfﬁ?om%Fﬁ%‘éﬂ@?‘ééﬁé@%l@%@ﬁ%‘cﬁa}%’éﬁt to n-regions).
The thickness ofRRssscentachblob may i fromhabeit 0 tmelbouidd enitiedisdnibitdayer of
titanium or chromiu%) L@?y be used to in re@sq(the adhesion getvyet%nrt?aexg%d ar%qhtg?aﬁilglectric
material. Inf8Fe Efe‘ rﬁ%r&%rﬁmri WS i BBV RRIER AT 20 op |onnaﬁy 2 diglectric material.

For example, a siticotu@xide can be employed as the dielectric material and gold can be deposited

thereon as an infrared feligctiye. ptesiAb I Hkness: RhvRlen olAd1AyBRY % foum BRoLI 0.5 to

about 2 microns. Substrate 1115 comprises InP. The thickness of substrate 1115 may be from

about 300 to ab&RR 688HAERAET StruckiEral T fSroPHES IRy e (0 Gh 5 i8BEMRREH-1As that is lattice

matched (i.e. withinHa0-mRrm )sniErsuhstiateck Ebofitsh sBoohecnamaates @pbddimeidaatyyer 1120 is
n-doped. The preferred dopant js silicon, an preferred degree of doping concentration may be
from about 1 to 5“88&?%%@@%@& We%?&ﬂr%gée%ﬁateral conduction layer 1120 may be from about
0.5 to about 2.0 microns.ocg3 or nBuffertapeirtdds, obmprifes! i de fed daklasicrs ntdnPhyAsy in a

fashion consisteBE ﬁ{% 1%?5&@59 'Sgg%\{&el_?g%t%é?{ ?gﬁ'&fg@%é g%?ggrégg%%eferred dopant

is silicon, and the doping density may rom about 0.1 out3 e ~ Cladding layer 1130
comprises inxGangiragaci yitiicth matcieg i tneaisataamessinistircine. \RHMHTBB0 ppm) of the

top of buffer laygp Li2a- (y8rdheitbischgradesQt sbtarer (Bper0d.oln Buteotayere eanbadiments,
InxGal-xAs cladding layer 1130 compiri es from Ebout 0.60 to about 0.70 gegceﬂt‘.m le gagtion indium.
ﬁﬁég At within the arst

The thickness of GRBEHY BYE"T 80 [¥ N8R 0 1R G TRt £ AiSNE Pres

buffer layer {e.g., layer 1032) is less than 17 moie fraction.

Cladgding layer 1040 comprises InxGat-xAs. In onhe or more
embodiments, this layer is preferably iattice matchad to the in-piane lattice
constant of the top buffer layer at or near the top 1039 of buffer sitructure
1030. The term latlice maiched refers {o successive layers that are
characterized by a lattice constant that are within 500 parts per miliion (i.e.,
0.005%) of one another.

tn one or more embodimenis, cladding layer 1040 may have a
thickness that s from about 10 angstroms to about 5 microns, optionally from
about 50 nm to about 1 micron, and opfionally from about 100 nm to about
0.5 microns. |

In one or more embodiments, guanium dot layer 1050 comprises
indium arsenide (inAs). Layer 1050 preferably includes wetling layer 1051
and guantum dots 1052, The thickness of wetling layer 1051 may be one or
two mono.layers. In one embodiment, the thickness of dots 1052, measured
from the bottorn 1053 of fayer 1050 and the peak of the dot 1055 may be from
about 10 nm to about 200 nm, optionally from about 20 nm to about 100 nm,
and optionally from about 30 nm to about 150 nm. Also, in one embodiment,



Quantum dot layer 1135 comprises InAs dots as described above with respect to the teachings of this
invention. As with previous embodiments, the intermediate layers between each dot layer include
InxGal-xAs cladding similar to cladding layer 1130 (i.e., lattice matched). In one or more embodiments,
the amount of indium in one or more successive intermediate cladding layers may include less indium
than cladding layer 1130 or a previous or lower integnediate layer. Cladding layer 1140 comprises
InxGal-xAs that is lattice matched (i.e. within 500 ppm) to the top of buffer later 1125 (i.e. the third
grade or sub-lajfe theregh. diamr@mnfriavsmialenat 4 gregiastzain Pl -yhspilianaliattice matched to

InxGal-xAs 'aye%%%ﬁ@rﬁéﬁ?aﬁ‘ﬂﬂ%%@ﬁﬁ%ﬂﬁ?%@g?@%%ﬂy% 4445 is p-doped, The preferred
e e from a

dopantis zinc a oping concentration may out 0.1 to about 4 el9/cm3. The thickness
of confinement layer 1Y %8y HERGHBPHRT G AU ABEUEYS0 IR0 incleganderiiper 1150

comprises inxGgipehs dhabis latieexaaisheddareniinpmant lRyeabldd. doontas lawer 1150 is

preferably p-dope .0.., doped with_zipg.). The doping con ratio be fr bout Ito about 4
e191cm3. The t‘}[i‘l‘gk'&%sér %c&tj@l f‘|§f9§§ N0 ffi&]}}i uf%gé f})%g%o%t% E‘f{:rg s&ﬁ%écontact layer
1150 may be refmoredifroytrel 868 &sonfyeescapirasdantiiver a8Dide IAmitiadcontact 1155 may

include any hig@%@é@ﬁ%@t@%ﬁn@g gbgpwsmgﬁ@padiwtgegpgcgﬁ@w;cg%mprial includes

agold/zinc alloy. 24 ~ Anot iment is shown mt%g. 5. Semiconductor device 1200 is
configured as a ‘Ax@alisrdssitnRE RSO TPaRUTS RivimsaiRics 81ds RRFHctiRY Besign

advantageouslyREQMREt Y Iweid esisionss eeniaets arddapaanasisianefcumantdistribution. Many
aspects of semigonducto 1200 area(g?aéfgous to semiconductor 1100 shown in Fig. 4. For example,

contact 1205 m &R M&‘@%B@ {89 ct 1105, reflector 1210 may be analogous to reflector 1110,
substrate 1215 may bdXstaiego stesribsascieo] 405 |dutaeal oA UICH6N 18HEr 2220 P88y & analogous

to conduction laygrAAgRchu liEdavendeds M becleaguedRd iiss avesddeyriadding layer
1230 may be analogous to cladding layer 1130, dot layer 1235 ma%/ be analogous to dot layer 1135,

cladding layer 17965R458Ena5R5, 678 461 RNHFR BT B4 SRT cotRinkheirR PAYBPR245 may be
analogous to CoBfiRaRRLIYEhbIARGa 1- Ty TRel inratian layrididt B yomprisesisubakiyAs that is
lattice matched tg confinement layer 1245. The thic s.of tunnel junction layer 1247 js about 20 to
about 50 nm. Tlﬁ{mg 'ﬁﬂ%{ﬂﬁﬁgﬁgﬁléié i rg#eef?%é@ pidé)npgﬂjfé.\éf.{?%g\/lgthﬁg?n%%,egrﬁd %ﬁaet%oping
concentration mefatidifiplayabe atd ptetdreuydadicroma cadriel janttioaayd P42606msrises

inxGal-xAs that i laftice (naieheddguanebinnction 24 . hgdbickngss af ppe! junction layer 1250

is from about 20'to about 5,000 nm. Tunnel junction layer 1250 is preferabl n-do%edée.g., silicon),
and the doping GSREeAREEI iEeJIRickRES: Pt ishBIRUALe SivRrs. 1062, 1064, 1066, and

1068 may be from about 3 nm to about 50 nm, optionally from about 5 nm 1o
about 30 nm, and optionally from about 10 nm o about 20 nm.

As noted above, the various layers surrounding the guantum dot layer
may be positively or negatively doped fo manipulate current flow. Technigues
for manipulating current flow within semiconductor davices is know in the art
as described, for exampie, in U.S. Pal. Nos. 6,673,827, 6,482,672, and
6,507,042, which are incorporated herein by reference. For example, in one
or mors embodiments, regions or fayers can be doped “p-type” by employing
zine, carbon, cadmium, beryilium, or magnesium. On the other hand, regions
or layers can pe doped “n-iype” by employing silicon, suffur, teflurium,
selenium, germanium, or fin.

The semiconductor devices envisioned can be prepared by employing
technigues that are known in the art. For example, in one or more
embodiments, the various semiconductor iayers can be prepared by
employing organo-metallic vapor phase epitaxy {OMVPE). in ohe or more
embodiments, the dot fayer is prepared by empioying & seif-forming technigue



Emitter contact 1255 may include a variety of conductive materials, but preferably comprises those
materials that are preferred for n-regions such as chromium-gold, gold-germanium alloys, or
gold-nick& alloys. Another embodiment of an RED is shown in Fig. 6. Semiconductor device 1300
is configured as a radiation emitting diode in a similar fashion to the RED shown in Fig. 5 except that
electromagnetic radiation can be emitted through th@zsubstrate of the semiconductor device due at
least in part to the absence of the base reflector (e.g., the absence of a reflector such as 1210 shown
in Fig. 5). Also stimh seniien Sthactsit - deeiiert800eHe (B-ih Pifd® inChiRl&shniewsitier contact/infrared

reflector 1355, m’%ﬂd%ﬁw[§9@t§9ﬁ&%”%%w fIMike Auiase(RaBUbsiaalially all of the surface) of

the device. 25 . all other respects, dévice 1300 is similar to device 1200. For example, contact
1305 may be af{RJ§HGS to contact 1205, substrate 1315 may be analogous to substrate 1215, lateral

conduction layer 132QJRa\:he sadeaoys daaaatustinniayg i) (REfeidayetid®25 may be

analogous to buffer layer 1225, cladding layer.1330 nalogous to claddi 1230, dot

layer 1335 ma)ﬂb@'gHél’ E’fﬁrdl%tg %&? ﬁﬁ%g %ﬁa@%ﬁﬁ%r‘ﬁ%ﬁ%gﬁ‘ %%acgﬁg%é%‘@% cladding

layer 1240, andricarineradatizy et IR4Smidpseadinglsgousaocsmitinewistieiayet E24500fnel junction

layer 1347 is analognus IDduoR iacion auanteAn bonatinelan 1avel dkRisaegiagous (o tunnel
. n d

junction layer 1 The semiconductor technolody envisioned may also be emploggod in the
manufacture of 1458 RS A RYEPILF FaSARISRKE I A P-DESEYBDA TRtIRIEPEontact 1605,
which can compsisg anygoney elingtsnatetiabsuchsmsesdd-chramiun dloysrafbe thfigatess of contact

layer 1605 is from about 0.5 microns to about.2.0 microns, tr omprises indium
phosphide that iggB%efg?%ﬁpﬁl‘l%ﬁb%sﬁ@%oonndcuecgﬂﬁ%%}sfa g%gli}rébt% %&? %% @I 8/cm3. The thickness

of substrate 1610@isi ficimralayer 2501t HZSuMeRDaicitesayer ObtoriipagitaxiayfididaPphosphide

layer 1615 Is prS(%RM%%Qﬂ%gQ@Fﬁ%?@ﬁ&'&%&?ﬂﬂa@@@%@@é@' Slerpddoskopble19/cm3. The
thickness of epitaxial layer 615 is from about 10 nmto about 500 nm. Grated inPl-yAsy layer 1620

is analogous to TREHRREHFHPIGYRT BERIRSHOARPYPFIg. 2. Buffer 1620 is preferably n-doped at a
concentration at aboutdigabomtfe18iEmday inciude numerous highly conductive materials.

Exemplary materials include gold, gold-zine alloys (especially when adjacent

to p-regions), gold-germanium alfoy, or goid-nickel alioys, or chromium-goid
{especially when adjacent to n-regions). The thicknass of base contact 1105
may be from about 0.5 to about 2.0 microns. A thin layer of titanium or
chromium may be used to increase the adhesion between the gold and the
disleciric malerial. .

Infrared reflecior 1110 comprises a reflective material and optionally a
dielectric material. For example, a silicon oxide can be employed as the
dislectric material and goid can be deposited thereon as an infrared reflective
material. The thicknsss of refiector 1110 may be form about 0.5 o about 2
micrans, ,

Substraie 1115 comprises inP. The thickness of substrate 1115 may
be from about 300 to about 600 microns.

Lateral conduction laver 1120 comprises inxGat-xAs that is latlice
matched (i.e. within 500 ppm) fo InP subsirate 1115. Also, in one or more
embodiments, laver 1120 is n-doped. The preferrec dopant is silicon, and the
preferred degree of doping concentration may be from about 1 to about 3
e19/cm3. The thickness of lateral conduction layer 1120 may be from about
0.5 to about 2.0 microns.



Layer 1625 and 1630 form wave guide 1627. Layer 1625 comprises indium gallium arsenide
phosphide (Inl-xGAxAszP1-z). Layer 1630 likewise comprises inl-xGAxAszP1-z. Both layers 1625 and
1630 are lattice matched to the top of layer 1620. in other words, layers 1625 and 1630 comprise
about 0 to about 0.3 molar fraction gallium and 0 to about 0.8 molar fraction arsenic. Layer 1625 is
about 0.5 to about 2 microns thick, and is n-doped &3a concentration of about 1-9 e18/cm3. Layer
1630 is about 500 to about 1,500 nm, and is n-doped at a concentration of about 0.5 to 1 el8lcm3.
Confinement layer 168&ffentageret B compdsssrfiempiadasdri@satainyfayté the dot and
confinement layetg fesqiined Shove i 82056340 £ e OliormbadirERats Ry Rxample,

confinement layer 1635 is analogous to confinement layer 1040 and dot layer 164 L%analogous to
dot layer 1050 SRea%H inFsReieR R &ePFRbIe BiREBIRNRARS HRPREEESEY TR RRICBmployed
within the dot regjen of the asaiderierds# excess of 5 dot layers, optionally in excess of 7 dot layers,
and optionally in excess aof 9 dot laye .g., cycles). Canfinement layers 1635 an 5 may have a
thickness from about %%’&’%cﬁ %&ggﬁgg?gﬁa{ |8earjﬁgf%]ﬁéh%%%r§gsdv?vb§v§§tﬁﬁjqﬁ ayers 1635,
1640, and 1645hkedrppifeilyiconaiaiact (i.e., wibinHtinpnsie). the tpaydraUiBs(RYAH 1655 form

wave guide 1653 Jg .é.i@?i?frfﬁ‘&@?éh%%%ﬁaé?&ﬁﬁé}% 3G lgyers-1ask ansbbaragagprise Inl
-XGAxAszPI-z that Is lattice matched to the top of buffer 1620. Layer 1650.is about 500 to about 1,500

nm p-doped at #¥GFekiaaRigNEEYED BRDA0MRmEes SmM3PPHY A58 RR6d: it about 2

microns thick angisspidaprdraicicenesntratiohofahoucd td alsodifhab8iom330 is abouak
embodiment, la e{a1660 IS 2buﬁ‘er layer that is analogous to buffer layer 1620. That is, the molar
fraction of arseric' d& % %Cé%%ﬁ'grade is further from the quantum dots. Layer 1660 is preferably
p-doped at a concentrétimmivit @oé k8/eniBl 35 compers ERPCOMNERISE LRRTREPIFOSYRINEIINP). The

thickness of 'ay%%p%%% ARouL2AMh R b eyt H0RRm thigcapeis RigtaisRinBodapesal e

concentration of about 1 to about 4 el 91cm3. Layer 1670 is a cor&gggt)l&yer analogous to other

contact layers diSeRBeHHEpRABLEEMBBRIRRSHEO! 1aver include inx 5 claddin

similar to cladding layer 1130 (i.e., lattice matched}. in one or more
embadiments, the amount of indium in one or mare successive intermediate

cladding layers may include less indium than cladding layer 113C ora
previous or lower inftermediate layer.

Cladding layer 1140 comprises InxGa1-xAs that is latfice matched (i.e.
within 500 ppm) to the top of buffer later 1125 (i.e. the third grade or sub-layer
thereof),

Confinement layer 1145 comprises InP1-yAsy that is lattice matchecd o

inxGat-xAs layer 1140. Also, in one or more embodiments, fayer 1145 is p-
doped. The preferred dopant is zinc and the doping concentration may be
from about 0.1 to about 4 e19/cm3. The thickness of confinement layer 1145
may be from about 20 nm to about 200 nm.

Contact layer 1150 comprises inxGa1-xAs that is ltattice matched to
confinement fayer 1145, Contact layer 1150 is preferably p-doped (2.g.,
doped with zinc.). The doping concentration may be from about 1 to about 4
e18/cm3. The thickness of contact layer 1150 is from about 0.5 fo about 2
microns, The contact layer 1150 may be removed from the entire surface
except under layer 1155.

Emitter contact 1155 may inciude any highly conductive material. in
one or more embodiments, the conductive material includes a gold/zinc alloy.



In other embodiments, layers 1660, 1665, and 1670 can be analogous to other configurations
described with respect to other embodiments. For example, these layers can be analogous to layers
1145, 1150, and 1155 shown in Fig. 4. Alternatively, layers analogous to 1245, 1247, 1250, and 1255
shown in Fig. 5 can be substituted for layers 1660, 1665, and 1670. Various modifications and
alterations that do not depart from the scope and sp2dt of these device embodiments will become
apparent to those skilled in the art. Of course, it should be appreciated that, in one form, the
invention herein incorporites REDodisTashis $RpuasiTibied SHovREVeREYRdBece T3Hberstood that

various other deyiee-technolagiasimay, QyBHe RRI-EXARRIE: BXRABMGRIR AEJ R LEDS

operating in a range from 1.6 micrometers to 5.0 micrometers are known but are not commercial

realities. In addi@8IPvaliBisissiansRYARIBRRAUSIY RIYICRR FidRNE S IR EmFrSlaE vith suitable

modifications. Qfneodies: eikiererablingdsichisnibgies Mahe devettpetifemeffintantty producing
limited bandwidth, irradiation in advantageous wavel S, opder to practi invention for a
particular applicﬁ%@ ap v@iﬂ%%%%ﬂ?%%& l%?écggf)jl%{f\/{l%m?@ rs‘%‘fgégfé [ﬂgi/i{‘fesgr ﬂ (%Br(E ergtf)ehave adequate
amplitude of irrasiatich 1 2g@imzn bherfeipgoie e euras WP beeRetpuédite 573 Bfost heat

applications of the javention sHeRigeyices wilbbipieaky bs dapieveshinsame ros.ekhiaR density x by y
array or in multiple x by y arrays, some of which may take the form Oﬁ(%’lgé?&]ﬁlzﬁ arrangement of

individual RED déVibd8ierReanaystionh ARG d475HTan o Yerikeus Ghdreds,
thousands, or unfiiteslifigmbesrarcays rabded cemitependnguiethetypésd 2hdkiddmptalarices used,

the output required,.and the wayelength e f icular ' he invention. The
RED devices wiﬁ%l%souéqﬁmje“ r%%%%t%o 8nt% c%%lﬁﬁq e?ﬁga% r\?ﬁ%h%%ﬂ%???ﬁ%%%isipaﬁon
capability, if notapaiogd it detiovar 385 rHasibnie iy fedIHERES 8831e6848ille mounted on
such circuit boargls i aMapsNioh densitusiantRIoNmidepley Meba inapspibiado take advantage

of recent innovations in die. mounting and circuit board construction to maximize density where
desirable for higFPPBORIREAHBYREA(IGTs. For example, such techniques as used with flip chips are
advantageous for suchtpurosescithieygh 1Re elficiemmesi ixSRER devigess isifjoed for this unique

class of diode device, e MaloHh ALNA glectioa eagiopRRHLE conariad kaeiydgig localized

heat. This waste heat must be conducted away from the semiconductor junction to prevent
overheating and124ihiagloantR8 incaicubbaevToes URBRHERigeGvaEISty asrBiRietRBY Pray likely use

flip-chip and chigranshoard Ragkaging teshaompMi sk ratiarRagsusrepnnauMLItiple circuit
boards will often be used for practicality and positioning, flexibility. The x b rrays also comprise
a mix of RED de¥4 ﬁ/ﬁ@(%’ﬁregé‘rw‘ét[ 185 P‘R%%ﬁ‘lrgigﬁps &?&’E%Q{Jéy%/ﬁilﬁ%%%oﬁlﬁ%red radiation
in a range from, lfgtiexampiBed mitionEtentdiGhm24gmeterthi@8ess of tunnel junction layer
1250 is from about 20 to about 5,000 nm. Tunnel junction layer 1250 is
praferably n-doped (e.g., silican), and the doping concentration is from about
1 o about 4 e19/cm3.
Emitier contact 1255 may include a varisty of conductive materiais, but
preferably comprises those materials that are preferred for n-regions such as
chromium-goid, gold-germanium alioys, or gold-nickel alloys.
Another embodiment of an RED is shown in Fig. §. Semiconductor
device 1300 is configured as a radiation emitting diode in a similar fashion 1o
the RED shown in Fig. 5 except that electromagnetic radiation can be emitisd
through the substraie of the semiconductor device due at ieast in part to the
ahsence of the base reflecior (s.g., the absence of a reflector such as 1210
shown in Fig. 5). Also, the semiconductor device 1300 shown in Fig. ©
includes an emitier contact/infrared reflector 1355, which is a “full contact”
covering the entire surface (or substantiaily all of the surface) of the device.



For most applications, the RED devices will be deployed advantageously in variously sized arrays,
some of which may be three dimensional or non-planar in nature for better irradiation of certain types
of targets. This is true for at least the following reasons: 1. To provide sufficient output power by
combining the output of the multiple devices. 2. To provide for enough 'spread’ of output over a
larger surface than a single device could properly irggliate. 3. To provide the functionality that the
programmability of an array of RED devices can bring to an application. 4. To allow mixing into the

array devices that arelmaédttm.qHéepmﬁsm@ﬁt@d’l\ﬁa%ﬁeﬁglﬂ@rf’m aexiseflBstorfadreasons described
in this documergxampig.’ Egnﬁwlt@g%grgg%mdg%%t%%@q SHEW fosthaparticylar application

requirement.
may be analogous to substrate 1215, iateral conduction layer 1320 may be

analogous o conduction layer 1220, buffer layer 1325 may be analogous fo
buffer layer 1225, cladding iayer 1330 may be analogous to cladding layer
1230, dot layer 1335 may be analogous to dot layer 1235, cladding layer
1340 may be analogous to cladding layer 1240, and confinement layer 1345
may be analogous to confinement iayer 1245, tunnel junction layer 1347 is
anaiogous to tunne! junction layer 1247, tunnel junction layer 1350 is
analogous o tunnel junction layer 1280,

The semiconductor technology envisioned may also be employed in
the manufacture of laser diodes. An exemplary laser is shown in Fig. 7.
 aser 1800 includes contact 1605, which can comprise any conductive
material such as gold-chromium alloys. The thickness of contact layer 1605
is from about 0.5 microns to about 2.0 microns.

Substrate 1610 comprises indium phosphide that is preferably n-doped
at a concentration of about 5 to about 10 e18/cm3. The thickness of
substrate 1610 is from about 250 to about 600 microns.

Optional epitaxial indium phosphide layer 1815 is preferably n-doped
at a concentration of about 0.2 4 18/cm3 fo about 1 e19/cm3. The thickness
of epitaxial tayer 615 is from about 10 nm to about 500 nm.

Grated InP1-yAsy layer 1620 is analogous to the grated (nP1-yAsy
buffer shown in Fig. 2. Buffer 1620 is preferably n-doped at a concenirafion
at about 1 {o about 9 e18/cma.

Layar 1625 and 1830 form wave guide 1827, Layer 1625 comprises
indium gallium arsenide phosphide (In1-xGAxAszP1-z). Layer 1830 likewise
comprises In1-xGAxAszP1-z. Both layers 1625 and 1630 are latlice maiched
to the top of layer 1620. in other words, fayers 1625 and 1630 comprise
about 0 fo about 0.3 molar fraction gallium and 0 fo about 0.8 molar fraction
arsenic. Layer 1625 is about 0.5 to about 2 microns thick, and is n-doped at
a concentration of about 1-0 e18/cm3. Layer 1630 is about 500 fo about
1,500 nm, and is n-doped at a concentration of about 0.5 to 1 e18/cm3.

Confinement layer 1835, dot layer 1640, and confinement layer 1645
are similar to the dot and confinement layers described above with respect to



6. To facilitate matching the devices mounting location, radiating angles and economics to the
application requirements. 7. To facilitate the synchronization of the output to a moving target or for
other 'output motion'. 8. To accommodate driving groups of devices with common control circuitry.
9. To accommodate multi-stage heating techniques. Because of the typical end uses of diodes,
they have been manufactured in a manner that minigézes cost by reducing the size of the junction. It
therefore requires less semiconductor wafer area which is directly correlated to cost. The end use of
RED devices wilheftnerezubediubstantiadr edeetise eanfinempot iavee fosh isfanaiegphstons. It has
been theorized {halRe-Eav|dvRe fam leewiadayi fsestie anavsoeh Of g iaiaRBROton

producing footprint junction ared. By so doing, it would be possible to produce RED devices capable of

bl
sustaining dram%ﬁﬂ%{wmFdﬁe?-Mﬂﬁﬁﬁ&éﬁ}qrfd%ﬁ?%ifﬁﬁﬂ?ﬁéﬂ‘érwB\P@éé’%‘?@ﬁ@&ﬁ%le, then the
absolute numbesahiRES daviremhoeetesdiomeraienibis yeoHon ieosdds edtiaed dyavould not

necessarily be desirable or practical .however, given the high power outputs assqciated with the many
applications of tR@’W@@thrﬁ%ﬁﬁ%ﬁ%%%ﬁ%y %%‘2%” 2 |gé% %ﬁgdr(‘j%xé: ‘?e%u%e%%ﬁagi%@e device. The

invention can bé®gactivadsyiteniimeecté idve forl Biteapbi@tedrapphisston §)iskngiesievelength
applications, or, iflng Rﬁ%&g&@ﬁ%é@&ﬁ%@%‘éﬂ%@%&@%@% QuipyicaRability.  Similarly,

it is possible to manufacture the RED device arrays as integrated circuits. In such an implementation
the REDs would-B¥%iFr 3588 WA ffclitin 8EoPBRIY SIeBL8PEMi¢bR o GthaF%uitable substrate

but with multiplegesiens that function as the photon conversion irradiation sites on the chip. They

could be similar to other_ integr, circui kages_which.us grid_arr rical
connectivity. Such dev%ae\”%té%ﬂ(%tggg%gﬁlégﬁgﬁr@eﬂ%\é%%g#ﬁg g‘?rgaiy,[?a%i%{%%é?t%w%%cés@ed electrical
connectivity for ¢ayerectiitb terantbéonimiciy tHiSE@ENEL] 8)BtemmAtRENNA-dEdigApararhdiat is the

control of the jungtign tempetALY R WICh Shauidmat Revallawed tadsach ApPLEXMARKEHINO to 1050

C, with current chemistries, before damage begins to occur. It is antiu%eétted that fufure chemistry

I
compounds may! FERR: THERsESRAHRLR (ASRTEEAHAN I APRIISY RMBEYE Rept HEDH th@¥&itical
damage range of#aagigvine enpityed JTinyrewititkrtrer kepdtpieyest eitenemeatait bbards
glp?g)\llig;iyz ::1 énﬁrgggiﬂﬁts r%};é%]@é%o&%g% grrayed as a higher level array of devices as dictated by the
in one embodiment, iayer 1680 is a buffer laysr that is analogous to

buffer tayer 1620. That ;s the molar fraction of arsenic decreases as gach
grade is further from the gquantum dots. Layer 1660 is preferably p-doped at a
conceniration of 1-9 e18/cm3.

Laver 1665 comprises indium phosphide (InP). The thickness of layer
1665 is about 200 to about 500 nm thick and is preferably p-doped at a
concentration of about 1 to about 4 18/cm3.

Layer 1670 is a contact layer analogaus to other contact layers
described in previous embodiments.

in other embodiments, layers 1660, 1665, and 1670 can be analogous
to other configurations described with respect to other embodiments. For
example, these layers can be analogous {o iavers 1145, 1150, and 1155
shown in Fig. 4. Alternatively, layers analogous to 1245, 1247, 1250, and
1255 shown in Fig. 5 can be substituied for layers 1860, 1665, and 167C.
Various modifications and alterations that do not depart from the scope and
spirit of these device embodiments will become apparent to those skilied in
ihe art.

Of course, it should be appreciated that, in one form, the invention
herein incorporates RED elements as described. However, it should be



In designing the best configuration for deploying RED devices into irradiation arrays, regardless of the
form factor of the devices, the designer must consider the whole range of variables. Some of the
variables to be considered in view of the targeted application include packaging, ease of deployment,
costs, electronic connectivity, control to programmability considerations, cooling, environment of
deployment, power routing, power supply, string voltgge, string geometry, irradiation requirements,
safety and many others that one skilled in the appropriate arts will understand. All raw materials
used to manufagtaiersitadiitis: vavie tasstaatievivedbbnoljoaitcuisanabs empiidoyadd Fansmission

characteristics %&gﬂ%qgs?e\ggﬁéﬁgﬁwég@ E%glsﬁ%%ﬁw&@ﬁﬁﬁgq% Fach material also has

characteristic infrared ref emission prope ot spend any time discussing

these because fRISTFAEIRIR ST thig 0BRSS browive Byame ERBrpaEHAl BFRitidssion properties.
The percent of gbageption APishaByai¥eRMBNS eRAR cRR hesmeasHEaddrhanpbipiany specific

material. It can then be shown graphically gver a wide range of wavelengths as will be explained and
exampled in mota i SHEF LR RIS Hottin e RS D SRR B P AR ek creristi
absorption or traeswigsanarefieitetapdithecerd aitetebgtitsyitiin iratithiismal process optimization it

is very vaIuableég\}érm%é%%%%g%%j@étfggoperties. It should be recognized that if a certain material is
highly transmissive in a'certain range of wavelengths then it would be very inefficient to try to heat that

material in that waveldAgFFRING Sra&divedi vRrbehiataiafidedzapeplipatientbrdbrtain wavelength,
then the applicatign:g¥ radiart Beginehyihsesutitsikfaseibeating-abihe Ratedakmaseaterials that

are inefficient heat conductors, this Is nqgt usually an gptimum way to,. heat evenl ough the material.
The fact that var GRS A TR o e LT B TRE HELG Hi B tos at various
wavelengths hadészswell oetmeat tepbceions ahjhydareriiotaaseh hievieesrwiighppmiered infrared
sources were n | t | i Jparti I Pgﬁlﬂﬁ ; (nations of
wavelengths, it %tgasé(n t% &i%o?ﬁ%ﬁﬁ%%é}r? @i@&%ﬁ%ﬁ%ﬁ%ﬁﬁy of tht‘eggigtgi#gy heating or
processing operaifiahs. SSimeeot wWhlshater szl dntofaemve s geeinRadaERgPR M Pared radiation to
a product, manyimaansiarREer sareaot awargrefjiheaMavelen aibs alrucheinedspartiestar product is

most desirously heated or processed.  This is illystrated this with an example in the plastics
industy. Refort N E B S ani RSBy S TIG THE AR BHICATS RN By ettylene
terephthalate (P&Epessimananehialhasi skrengs infthevindasteg); dbeafuiiic haglastc beverage
containers are Sreigh,bloup eldesl e be SBTENNEC AL REL Matekialis fably ahsorpive in the

long wavelength rglg}laon and’is highly transmissive in the visible and near-infrared wavelength regions.

Its transmission FEHdaNaRsHEaHFEERE MR YRiefo TR EMP8THS Whine laryel & {RafsMission not
only varies dramafigadiydip thiahrangsohiy itvasiesperu ety @ncbalr ety anrebaligsneery substantially

bsorpton, This GG AE i iras iRt N R SRR TS PSR S0 M e AIBIS, € wouie

nearly all be abstgbeityrightaptheisinfaspioyowst. skirs possible fo take advantage of recent
innovations in die mounting and circuit board construction fo maximize
density where desirabie for high-powered app[ica{iorzs. For example, such
technigues as used with flip chips are advantageous for such purposes.
Although the efficiency of the RED devices is good for this unique class of
diode device, the majoriiy of the electrical energy input is converied directiy
into localized heat. This waste heat must be conducted away from the semi-
conductor junction to prevent overheating and burning out the individual
devices. For the highest density arrays, they may likely use fiip-chip and
chip-on-board packaging technology with active and/or passive cooling.
Multiple circuit boards will often be used for practicality and positioning
flexibility. The x by y arrays may also comprise a mix of RED devices which
represent ai least two different selecied waveiengths of infrared radiation in a
range. from, for example, 1 micrometer to 5 micrometers.



31 of the material. If it were desirable to heat only the outer surface of the material, then this
wavelength could be used. Since PET is a very poor conductor of heat (has a low coefficient of
thermal conductivity) and since it is more desirable in stretch blow molding operations to heat the PET
material deeply from within and evenly all the way through its volume, this is, in practice, a bad
wavelength at which to heat PET properly. Lookhgg at another condition, at 1.0 micrometer (1000
nanometers) PET material is highly transmissive. This means that a high percentage of the radiation at
this wavelength that ifpecisshapslidatensf the RED deiitestrei sraidepialesugh the PET and will exit
without mparting, i Mrefe1giA\neriing, fease s Jaraghnasiesik FdyiBegIo note hat the

transmission of electromagnetic energy decreases exponentially as a function of thickness for all
dielectric matedéReREeRa AERHEPIRIKIBSRHHE Ios RN TEANAPERI B FR& BHBRES B the optimal

wavelength for@@ig@j mateiPdrue df sheuls be: UpReRsiRO: Hiainghile PET thermoplastic material has
been used here as an example, the ag:ci les hold true for a very wide ran%% of djtff%['er%t types of
|

materials used in diffefent indAFRd PEteremY ngg; RIS \C/Dé}q? flérent example,

a glue or adhedive taniip&tidesystem is illustrative. in this example, suppose that the parent material

that s to be glued is vgry trangmigsiys, b acipsen dnfianadovuelenali Enedgstated alue thatis to

be employed might be very absorptive at that same wavelength. By irradiating the glue/laminate
sandwich at thishgsegifithaldanvirreerd arrRiyifagiatBrocess is further optimized because the glue, -

and not the adjacent parent matgririidis fheatetiByseleeivelyChnepmathesinsiveteagtly interplays,
optimum points e}rﬁéﬁjr@%within varg)o,us \{videly di\ierste Iiglinds of processing or heating applications
within industry. © SHSYEETS, e ABIHG 18 brodUER R Tktively high infrared radiation densities at

specific wavelengths Has simplyatiotbeenngvaiiabie wriag gstwcernibvaifere tuhrsbtthiffpprndf heating or
processing optimization:h lahles i ‘ most manufacturers.
g@g@ﬁ%&a@%ﬁ@@g Ryaliahien it dasmarrhesheoRISmBkAE B

It is anticipated _ such wavelength specific infrared radiant power will open entirely
new methodolo§& a8 brocesses. The subject invention will make such new processes practical and

will provide an 32 impiementpdigadigeheeleahingtthasdes eseyiingtflexbiityt fior thavide range of
applications. While jt i anticiE:ated that the first utilizations of the subject invention will be in industry, it
is also recognizgaqﬁéﬁ?ﬁ&%ov\ﬁﬁ}%%"rﬁ%ﬁwrggﬁf‘éations in commercial, medical, consumer, and other
areas as well. It is @nticipatethtiidathenaichinphaitdeorsrnasatinalo egligneradidigo broadband

quartz infrared %%tjgg Bulbs. o ather gomentgnalinating flemiesss that are currently in wide usage.
Ibs™a

Such quartz bu re used for a ra_fr‘;?e of things including heating sheets of plastic material in
preparation for thermoZorminfPoigeasH IR SR B71RE SUHECRHREN R BIIRZ8495E an
alternative to theexsdngehtractipnatiyteinguartz infrared lamps or other conventional heating devices,

butit can be envisage%.to adc%g ua%%:toanqgﬁac;c?aqg iH%U%gf%?SHBQa&F&evices with common control
circuitry.

9.  To accommodate multi-stage heating techniques.

Because of the fypical end uses of diodes, they have baen
manufactured in a manner that minimizes cost by reducing the size of the
junction. It therefore requires iess semiconductor wafer area which is directly

‘correlated to cost. The end use of RED devices wili often require substantial
radiated energy output in the form of more photons. It has been theorized
that REDs could be manufactured with creative ways of forming a large
photon producing footprint junction area. By so doing, it would be possibie o
produce RED devices capable of sustaining dramatically higher mid-infrared,
radiant output. If such devices are available, then the absolute number of
RED devices needed fo praciice this invention could be reduced. It would not
necessarily be desirabie or practical, however, given the high power outputs
associated with the many applications of this invention, that the number of



The present invention, by contrast, can either generate radiant energy in a continuously energized or
alternately a pulsed mode. Because the basic REDs devices of the subject invention have an
extremely fast response time which measures in microseconds, it can be more energy efficient to turn
the energy on when it is needed or when a target component is within the targeted area and then turn
it off when the component is no longer in the targetéiarea. The added functionality of being able
to pulse energize the infrared source can lead to a considerable improvement in overall energy
efficiency of maigvicetiant tidaineapptcdoonsinels dxviemle] by BRAbRRaalatMgIHecenergized

time of either ingi Ve otshRinliasedsasictionieRiBing saviessRERSIN is possible to
track individua??g\tf‘%tglgtﬁ%y move £§St tﬁg, large infregrled arrgé sogrce;it!n ol'Jgt?]er words, the infrared
it

emitting device SPRAEEHR e &e &t ¥R REYANRRSS RO R e BHEPGHIEINY iP5 energized. As the
target componespuregisabimgves onward, the "energizing wave" could be passed down the array.

In the case of heating matiera) which willbe shermolerme. f£pult fe.desiaple do,apply more hear
input into areas which it get fore'severely formed as compared to areas which will be more

modestly formethisgnaiefbainedtat af. Juph FossiblermsntafireieddEigaing Wi afigYRtion of infrared
emitter arrays, {g:noh by ARhaYe.pll likileviess snsiiigabeimiaaamsy dugsidpesible to

energize them very strategically to 33 correspond to the shape of the area to be heated. For

continuously m&Y bR iAEHABS et Brrinieah RGPPSR TP (RS IPILIZA8 #1882 A specially

shaped area of ggsiieceat Trafiledbiat masibiprageinemiabig ramedicudypatitagesishidtion with the

target region to be heated. Caonsider a picture fr d requir j own in Figure
%Togrﬁd aravs g{oe%]-:%%ceai e%rnﬁe%?ﬁﬂz &lfed @%‘ﬂg%%%?g@gc?&%‘

17. In this casef‘ff’%v Aldhe pos ave a similar pictlre frame of devices (402) at

desired radiant theméieyused wothe proyy diasiiaiparibecgsiterisesinias! sYRBRREMIZEPWIth the
movement of the JargetithermafereingsigahéfdnBy senrgrarensade s iiackstaenmeyament of a
product such as the (401) thermoforming sheet, well kqﬁwn Iecﬁ(rqon-i%s%s rﬁhror}}i%ation tr($chniques
can be used to SR AGIEISREI HPRRSRLIFE XY lférhé?t\?% R %&f X BrogrSifable
controller or corzpgtessnassiyctums (d hesdeRiostwithirthelerapsiesy tiwsutasdgn by the control
system for their desired output intensity.in either.a. [ u%%'.'. ’ ":mqgge Either mode
could modulate e@%ﬁ%&ﬁsﬁ’t(;{;gsr'aFflﬂ%g igﬁ;’}% Eﬁﬁgﬁ%t e I'lrrémst esir b?gggfpﬁaggﬂgnion. This control
can be of groupéneferasdasct Hurmres iRl RED dedve Seremny paleivdhe aftRiation, there may

not be a need, tg fiaue grangaieantrgbdpwr i ibeadivichpbREDdrrigese ilshiesednsitasces the
RED devices can be wired in strings of m@t desire ometrg}.ﬁThese trinl?s or 9roups of strings may

then be progranfRaRGHoRRBIRR AL itk ahHRE LB FSRIERHEEIRE HHSHE SSPARYRAIRY @il sometimes

dictate that the Righstaviesssareydiiavicegras g mistiing she dapilitalionaradethat are most

convenient and to reduc%éhe cost of individual device control. The strings or arrays of REDs may
geonomiss. | - ) , : 7

be controlled by Simply supplying current in an open loop configuration or more sophisticated control

may be employed. Thelfa@emesire, e RasiarH ovEilp s fRTRRAAPIREmER WiVHEtd the amount and

level of infrared radigntisAniFel jbatdg AERIGPHRIR: Tortheagident thatmnplexies pestisecontrol is
dictated, the control circuitry could continuously monitor and fnodulate the in tcu[rr%nt, voltage, or the
monto 5 hednanLeygren

specific output. TRESHEAIRIARG TS WIRE JRRRE e R RR R0 utiT ST et o

esult cou
considerad in view of the targeted application include packaging, sase of

deployment, costs, eiectronic connectivity, control to pfogrammabiiity
considerations, cooling, environment of deployment, power roufing, power
supply, string voltage, string geometry, irradiation reguirements, safety and
many others that one skilied in the appropriate arts will undersiand.

All raw materiais used to manufacture products have associaied with
them particular absorption and transmission characteristics at various
wavelengths within the electromagnetic spectrum. Each material also has
characteristic infrared reflection and emission properties but we will not spend
any time discussing these because the practicing of this invention is more
driven by the absorption/iransmission properties. The percent of absorption



implemented by directly measuring the output of the infrared array or, alternatively, some parameter
associated with the target object of the infrared radiation. This could be performed by a continuum of
different technologies from incorporating simple thermocouples or pyrometers up to much more 34
sophisticated technologies that could take the form of, for example, infrared cameras. One skilled in
the art will be able to recommend a particular close&®oop monitoring technique that is economically
sensible and justifiable for a particular application of the invention. Both direct and indirect
methods of moattensi@an BETRENEBT &Y DR SPeserpica TCCHaMRM Y At SPEEDeing heated for the

purpose of reaching & formafleHampe sHumgRamidamay e deatiabimipopasvesiigtierce needed
to form the material and use that data as at Ie%?é,a portlo%%%%{lle feed ﬁck or modl%latlon of the

infrared radiatigtPaMaye RIRIANGHENdirREB? Rl TdE Peans Are posaibie-to facilitate

optimization anggesmtel eathematpdnedidnasubpcharactsimtic abdogHsuldbratiemissimderstood that
the shapes, intensities, an rgizing ti e F%%ri ' I sadiant Neatsaur R @s described
Sha §@%n%\§{|ggaéy§| gggﬁﬂ[%d ianery t%gﬁy evec}ﬂc-) :

herein, is highlfﬁ?ggramma a nds it E fiﬁgjrogrammable customization.

Often in industryeeustiraiadpdaendbanguRaienal sreretissuriehape RRGRedUA Ui for a specific
component to difectiheiReatingite itheiger eelresatians preteeresimpanentbWithdlediexible

programmability of the subject invention,it.is possible for g single programmable heati anel to serve
as a flexible repﬁ%‘é@r‘ﬁ&?&?ﬁ SR gﬁWqu%Wh?@Pﬁ%%g’r %?%u%}%%nﬁasﬁrt%gﬂﬁsagw M%f?ﬁ‘%rfeplete with a
wide variety of infrayed Ouansraslg, pf doessirigria)stelors 28uorpive st areeliesuviavelan paints,
coatings, lurie, o arious, Rt AR e, AT PADEr PYROSRRThEXAISaraRe be used na

wide variety of amination lines eat fusing materials together or for curing glues,

adhesives, surfaoetaeanieits; a6 A S HeE AR P ARTHE RS atiie F Bt thation

'sandwich’. an optimum way io heat evenly through the material.

The fact that various materials have specific absorption or transimission
characteristics at various wavelengths has been well known in the art for
many years. Because, however, high-powered infrared sources were not
available that could be specified af pariicular waveiengths, or combinations of
wavelengths, it has not historically been possibie to fully optimize many of the
axisting heating or processing operations. Since it was not practical to delivar
specific wavelengths of infrared radiation fo a product, many manufaciurars
are not aware of the wavelengihs at which their particular product is most
desirously heated or processed.

This is llustrated this with an example in the plastics industry.
Referring to Figures 9 and 10, by examining the transmission curve of
Polyethylene terephthalate (PET resin material, as it is known in the ndusiry,
out of which plastic beverage containers are stretch blow moided, it can be
observed that the PET material is highly absorptive in the long wavelength
region and is highly transmissive in the visible and near-infrared wavelength
regions. lis transmission varies dramatically between 1 micrometers and 5
micrometers. Its transmission not only varies dramatically in that range but it
varies frequently and abruptly and often very substantially sometimes within
0.1 micrometers.

For exampie, at 2.9 micrometers PET has a very sirong absorption.
This means that if infrared radiation was introduced to PET at 2.9
micromeiers, it would nearly all be absorbed right at the surface or outer skin



‘Other ovens may be used for a wide variety of drying applications. For example, in the two-piece
beverage can industry it is common to spray a coating into the interior of the beverage can and then
transport them continuously by conveyor "in mass" through a long curing oven. The uncured interior
coating has the appearance of white paint upon application but after curing becomes nearly clear. In
these various drying and curing applications with th&icurrent invention, it would be possible to choose
a wavelength or combination of wavelengths that are the most readily and appropriately 35 absorbed
by the material ahtiteneetsrial.b¥ driceretirsethietenest. anlsdhreaupplistiiees ®idiPavelengths that are

not present may) e, 0T HRALAA R BAJMRBNELEIASAEsRR e PRES (g} opresent. The
undesirable wavelengths may adverseIY affect the materials by drylng,Fgggg)‘?%Bﬁhan I%% grain

structure or maPgreHEPTRIdteRbERA MY GRREICIRN PhOME TRIERTH & Bvdided with
the subject invaRtiendesiraBfian Kiisdadgiahlentidipise teesemnpearahers: tfa RaGetaatetial to be cured

or dried without substantially. affecting the substrate or parent r] Ik be that the parent
material can bed?fgﬁl??ﬁ b @?J*&h%ro%%%"s‘%&ﬁ I&h‘é "r%a@%gﬁé‘é%ﬁgb%e‘{? #ﬁ%ﬁg\?ﬁgﬂt into it while still
inducing heat initatiisgasgeatnstamiaérDie Buwidt inesaidnFacameRes this type of selective heating, To

review another applicaliofages: ion Shseinusmiiasy (be medisabindusin bes hespreepegmenting with a

wide range of visible light and near- infrared radiant treatments, It has been theorized that certain
wavelengths of RREtHEHRIhEtiO ISR RRBMISRYE anBDIBRRTS HEmgat REGasRERSh postulated
that irradiation wi#h regiitaisreavialengihsicagtistinaatedbss predsistinocobeheyRIEE, Wilirhsones,

antibodies, and other chemicals within gg,rbod . as.10 sti Ity i h organs. It is
beyond the scof)@%?rwts? nébé%%% t(J:E'l;(‘élmme aar}\(‘))/lvgi t%@s@?& @@gl sﬁcl)g(t%e t}régj_élfrﬁrl %ﬁﬁﬁpdologies or
the merit of suchgmitsta)dtines: ThéasudewEsieantibis Howedentdampr iRt H'8SRNSIEIES Ravelength

selectable, and progiammaRicRILIaIebAdiARLsa Ay dasHbaim antdsage of such

medical treatment modalities. It is historically true hgwever that the medical, industry has not had a
practical methocﬁ@l@é‘;ﬂf@eﬁ%mﬁ%ﬁh%?omﬂga?%&éﬁ@ﬁs%%%ﬁ@ ﬁ@ﬁ%&ﬁgéﬁi %anid-lR
wavelength bangs.ihdemnieseit iheeotitmaorddeddioyt fovisachivesr raridréald wavelength specific
T o o 0 SR A A el R rat

heen used here as an example, the principles hold true for a very wide range

of different types of materials used in different industries and for different

types of processes. As a very different exampie, a glue or adhesive

lamination system is illustrative. in this example, suppese that the parent

material that is to be giuad is very fransmissive at a chosen infrared

wavelength. The heat-cured giue that is o be employed might be very

absorptive at that same waveiength. By irradiating the giue/laminate

sandwich at this specific advantageous wavelength, the process is further

optimized because the glug, and not the adjacent parent material, is heated.

By selectively choosing these wavelength interplays, opiimum points are

found within various widely diverse kinds of processing or heating

applications within industry.

Historically, the ability fo produce relatively high infrarec radiation

densities at specific waveiengths has simply not been available o industry.

Therefore, since this type of heating or processing optimization has not been

availabie, it has not been contemplated by most manufacturers. itis

anticipated that the avaiiability of such wavelength specific infrared radiant

power will open entirely new methodologies and processes. The subject

invention wili make such new processes practical and will provide an



For medical treatment there are some very important advantages to being able to select the specific
wavelength or combination of wavelengths that are used for irradiation. Just as in industrial
manufacturing materials, organic materials also have characteristic transmission/absorption spectral-
36 curves. Animal, plant, or human tissue exhibits specific absorption/ transmissive windows which
can be exploited to great advantage. A very highypercentage of the human body is composed
elementally of water, therefore it is likely that the transmission/absorption curves for water are a good
starting point fampiwughtaiipréirnatoyfohaiues Hameaaciisg dierirdtigioeateftsh@ngscdch it is

possible (o develonplggise SR AliYRaRf sy R IBSHBREAI QAR 1L also

possible to develop the relationship between various kinds of healing or stimulation that might be

sought from ordaYRNEPas¥lidak RdsEhd: Bakse frarsmiEsHmabibRivH QR VEaMBY carefully

selecting the wayglengithanceaainatien omaaieiergisintoroatd bereossie todaklop treatment
regimens which could have a positive effect with a wide range of maladies and_ai X Some
tissues or organs that'E‘MU?b&BS"&S;?ﬁﬁg ?o‘qyggg;g?e%@%%%?’ﬁ%%ﬁ‘r%%%%%%%%%1@'5 le deep
within the body bRnseltanbeyabearipitresh hradtegistidssooh Gign teguenitomyheabide possible to

reach such deep.greas gﬁ!&ﬁ DRNANYaRNE IEGRMIANER ! @axrbiuw%éw ipaigsesomesform of

invasive technique in order to get the Irfadiation sources near the target tissue. It is possible to design
the irradiation affRgs &f thingrdaaidinRasingoieR e PRSI W%t%rb%rmﬁ%aé?ﬂgﬁ%ﬁor shape to
be used in a widgdiangeehiRYasheenionen-Nyasig deatrentsjdhite tnédreatmgiitsecimiques,
modalities and configurations, are beyond the scope of this di on. ' tion.is the first of its
kind available toaﬂwgggr%h&esﬁ%@,ew%\iﬁe A rquF ”E%%C ?t ?ﬁ%@f%ﬁﬁ%ﬁﬁ%ﬁ@f ﬁégt%éqlﬂn%d‘l le-infrared
wavelength bandsnveséinrise keafipgdevioea Witls randeesimris@aribtd Al trolFmENetypes. Due to its
highly flexible fOé%fﬁ&gg{ mtmﬁgﬁ%mmable nature it is capable of being configured for a particular
body size and weight to produce the appropriate angles, inte _s'ﬁLtiﬁes, and wavelengths for custom

. 0 n
treatment.  Infrared TRRIRERSE TS BRI AL G incPlE %%Wé?tgfrﬁéa af' pplications from
hemorrhoid treatmgBis i gelRRolegy-On e exampitetf infraestitraatine Bdbatss tusrbasiy performed
with broadband jnirared sources is called infrared. tion t it Hiabetic
peripheral neuro a@@‘? \QS%e?iTrﬁl%es r%%%g With |ﬁ§?‘§%ﬂ$a%péﬁ%ﬁn%%tf§ _?g%%%ﬂe@i%ow and other
‘similar ailments wiechftepasureshily msatse soiti Hrosap L irarettey Esendr 1PRe R orporation of

the present invepfign:s 8RIlIHLA BS08ERE3 6r when a target component is within the
targsted area and then turn it off when the component is no longer in the
targeted area.

The added funciionality of being able to pulse energize the infrared
source can lead fo a considerable improvement in overall energy efficiency of
many radiant heating appiications. For example, by suitably modulating the
energized time of either individual or arrays of the infrared radiation emitting
devices (REDs), it is possible to frack individual targets as they move past the
large infrared array source. In other words, the infrared emitting devices that
are nearest the target device would be the ones that would be energized. As
the target component or region moves onward, the “energizing wave” couid
be passed down the array.

in the case of heating material which will be thermoformed, it could be
desirable to apply more heat input infc areas which will get more severaly
formed as compared to areas which will be more modestly formed or not
formed at all. 1t is possibie, by correctly designing the configuration of
infrared emitter arrays, to not only not have all the devices energized
simultansousiy but if is possible to energize them very strategically to



specific wavelengths of radiation as well as its ability to generate pulsed irradiation may provide
substantial improvement in these treatments. It also may provide for better patient toleration and
comfort. The invention also facilitates manufacturing a medical device that could be powered with
inherently safe voltages. The pulsing of the irradiation energy may prove to be a key aspect
associated with many medical treatment application33Continuous,irradiation may cause tissue
overheating while a pulsed irradiation may prove to provide enough stimulation without the deleterious
effect of overheatimgsiiscomtbe sbanesvidimarageoTrehraiethchiiaRanBNyoUebIReMS can be

pulsed at extrergely high 1aies With s oR NS MRS iGH BBIGIBRAENBRR A fASter provides another

useful property.’It is anticipated that very high intensity pulses of radiation may be tolerated without
damage to the aREGRHYHRSPLAEARIEGIBRIASRRBATR H 2 CAESDEIRERRE S MM onductor junction
overheat would HatBave sifneHie st Ftibsusth shertpulse dgiasid bisheetdd allcorgigater summed
instantaneous intensity which could facilitate penetration, throu e tissye, T guency at
which the pulsir‘fbpd@&ﬁ( gﬁw gﬁ%og:@)%e%rggwﬂs r éar?tﬁlrltgsa §r$g\r/5v\§ Méhin%%glgtgfa@ﬁrﬁé%at certain
frequencies of iraskationctaidbmpnssiza ttabevecalpigit’ pleswa e dertercisEgicts. For

example, Ceftaiﬂsvwa@%ai@z@ﬁa%en@a feAManER QLEambinstRNSGhSeanapgiandvisible light can

cause humans to become nauseous and yet other amplitude modulation frequencies or,combinations
of frequencies ciPVERIRR BRI RIVSRIRIIRRS MR HisdPRYSmel RsEs & @th?@%%@fﬂgeed
determine that thReaiilsing fraziuesioy, avesniota shaipesiotrepmbiration: of Egsoenctesiatoag with the

selected wavelength or.cambination.of wavelen hav ial ef the success of
various radiatiom%e?é@ﬁ[gﬂ? 4 W%}v r;yngﬁkse ?/ef%‘lé'{% rﬁa%ﬁ)? \3’5 t%egﬁgé@%%%?ﬁﬁgﬁ{%%ﬁiqh will utilize this
invention are notegénimeer saipbnoseadliZeasimcththedisieriuevahtioh drraetnEes Bvailable to

researchers or NIACHfigRETs, » préRaheEaRPlsAiendebike siiasidnNeRlionisdn the preparation
processing, or staging of food. Certainly a very wide range of djfferent t Pes f ovens and heating
systems have b&&NigRBWINIME BrRBEVARATEY %Wfﬂ?gt%hgﬁtthﬁrﬁ%r}%s% S8 X fdst of them are

well known, it is feyens o3 thensenss of dithpatenbafiplicatid mimidesczibpuisedllinaiwge of such
ovens and heating systems. With, the notable excepti ier e ' ich utilizes
non-infrared/non%?H.égr/% g%&%%l&cgﬁoq(c?}]ﬂga gfﬁ%éﬁ%}égﬁr%sarﬁfgﬁ%mﬁm ?r%%e%h’?’wo ogies utilize
broadband heatitgséabiess b haodiiofped Meheontiarsaiaa i §SolnT 68 e Aiei¥'that are used

in such ovens arg hrgrskhandssewsaseIhey, da pakhare therabiityiomeodusa,spediicavavelengths of

infrared energy that might be most advantageous to the particular Ing situation or the product
being cooked. “%9\/@?&@%‘(@@%%@?%%%&@ %%f@ﬁ&f@uﬁia%n%%ﬁ%sal B 3atets have

specific absorptipizgpreisaheUREss dEhess spadifcvabst iptEinngsreé sedatke hved aissongstive or
transmissive a pa]rchIar food proe%%}

saings g %ht:'g & gﬁ%ﬁg%ﬁ;@l&?%@ r:%ﬁ%ﬁ%tgg}%&ﬂﬁm@ﬂl%rswavelength

or a few carefully solecta &l gths at which to irradiate the subject food it is possible to modify or

optimize the desiredasudikiiipbligratiemnsids. disiaimoStrasiicialiy vl spmaiimes dreH§/Lah reduce the

cost of heating of0RKIRMLvices are driven in groups o strings to facilitate voltages that are
maost convenient and to reduce the cost of individual device control.

The strings or arrays of REDs may be controlied by simply supplying
current in an open loop configuration or more sophisticated control may be
employed. The fact intensive evaluation of any specific application will dictate
the amount and level of infrared radiant conirol that is appropriate. To the
extent that complex or precise conirol is dictated, the control circuitry couid
continuously monitor and modulate the input current, voltage, or the specific
output. The monitoring for most desirable radiant output or result couid be
implemented by directiy measuring the output of the infrared array or,
alternatively, some paramster associated with the target object of the infrared
radiation. This could be performed by a continuum of different technoiogies
from incorporating simple thermocouples or pyrometers up to much more



For example, if it is most desirous to heat or brown the outer surface of a particular food product, the
subject invention would allow for the selection of a wavelength at which that particular food product is
highly absorptive. The result would be that when irradiated at the chosen wavelength the infrared
energy would all be absorbed very close to the surface, thus causing the desired heating and/or
browning action to take place right at the surface, Cgaversely, if it is desired not to overheat the
surface but rather to cook the food from very deeply within it, then it is possible to choose a
wavelength or caphistidinedf=stiesiegasduetengtiistakevinietidtre phrficdaafood,isimareld more

wansmissive soiathe depied fagting e srn e Achieveth Thunde sadRLenaig il be

absorbed progresswe?)? as’it penetrates to the desired depth. Itis important to note that for
electromagnetidoRavssnitaysithtp ehvoteh WFHda-esonmitivalicsrnsihle intensigiindwave 1(1)

decreases as afunetipa-Qfdravsalidistanes hassgseribed by the following equation: 1(t) =lo(e-at) In this
equation, lo is the initial intensity of the beam and a is tge specific absoH)tion coefficient for the

material. As time t increged v SR MAHFSF TREBRds PLMREUCSHOREANSP AR hich is caused
by radiant ener@iownitizim 38, the eugiicaldreaaidvizing absarbediey the thestunabdesadf For this reason,

the use of infrared. radiation heati i i ' ' X interaction
between the thiée %%ﬁs%%fa tﬁ%ﬁ%ﬁ%@%ﬁ%ﬁﬁgﬁ%m %é%%%%%s%ﬁ%%ﬁa igtion
wavelength, andPise rragagItadsorptivnredishieiangsyse thaldaizing RESPEIEREMSTHRE irradiate at
different Wa\(elegp@:?@egagmld ti)mgaggégghqtﬁg@mﬁg@ft?hmwﬁgéygimwmf@ mglti-twavelength
array, one element type would be chosen at a wavelen erein the absorption of radiant energy is
low, thus aIIowiﬁJ%ger’-ﬁé?éﬁeﬁéﬁeeﬁ @%ﬁrﬁ%%%% g ?e%@lln p@\%ﬂﬁ@%’@ en wherein
the absorption afoattitaat’ émne rgytpsithidhthesHeciitatiagisumrface heating to occur. Completing the array,
a third RED element bype, eyl conceiye labechoranal fuaycisadiypledpgdiate to these two
n. there

extremes in absorption. y;controlﬁng ative radiant QuéEUt evel of the 3 types of RED emitters
contained in suGNEMEIRS i BlIEDE PERRIHNY e HRNATE B thE FFpUIHRE PR FEIHELS prepared food

items. By copaesting aRiely istperaiHieiaadPricatiake Nislahesnsegs tebeceontrol system it is
possible to close the loo %d further %%Emize e desjred cooking results. Under such circumstances,

it may be possibtEYFE CER I A et N RHHPh & SR EHERENY allow the control
system to respooorfiysestiding dfradition i@t eragasignate ansavieldhtithaiapemdity, and direction that

would be most degiaRie. By ielnganddninaralintaxision seasehdenldeRaRhle to actuall

view the locations and sizes of the food produtts that are to be cooked and then optimize the ovens'

output accordindljitadmaisdes angrmraatiove \iteriied IRVEIHhtfoRA%RIP'S fRbRture sensor, it
would be possiblg@desBarshmidibe:canmiinaien dhabwelkd maiiaie thpidesiremtmoisture content. It

is, therefore, possible to understand how the subject invention, in combination with the appropriate
sensors, and coﬁ?%ﬂﬁp f&ﬁd&ﬁé@%ﬁﬂ%?ﬁ?q};{béﬁ%t%afhegssﬂgcrjgug% nof 1&%‘[’1%%.%‘%?%% course,
possible to comiviagstiyeopiafersd oxemsornwithamesdmgisysiasookifigte civeoio gissy el dding

convection oveng, Al BUGRYBUEMRD aARANILY Iadsidie heshBlapseel sashahpgatiechnology
offerings. The smart Control system Could be designed to best optimize both o
purposes. They also can be used in a wide variety of different lamination

iines for heat fusing materials together or for curing glues, adhesives, surface
treatments, coatings, or various layers that might be added to the lamination
‘sandwich’.

Other ovens may be used for a wide variety of drying applications, For
example, in the two-piece beverage can industry it is common fo spray a
coating into the interior of the beverage can and then transport them
continuousty by conveyor “in mass” through a long curing oven. The uncured
inferior coating has the appearance of white paint upon application but after
curing becomes neatly clear. in these various drying and curing applications
with the current invention, it would be possible to choose a wavelength or

combination of wavelengths that are the most readily and appropriately



40 the present invention technology in combination with the conventional cooking technologies. It
is also possible, by selecting wavelengths that would be absorbed by one food and not as highly
absorbed by a second food, to be very selective as to the amount of heating4hat takes place in a
mixed plate of food. Thus it can be understood that by changing the combinations and permutations
and intensities of various wavelengths that are selegtable one could achieve a wide range of
specifically engineered cooking results. With any of the applications of the subject invention, it is
possible to useaksodusdéysihg orabeiahtogiidierdddvitesitesclitesteth@tedirsd diréemmality of the

inadiation energy, IR SAYHKG A1 R2%0! tilemRtBpbO BRI dreRm indviduall

lensed RED devices to micro lens arrays mounted proximate to the_devices. The chosen beam guiding

devices must bCHAREN & propratshan Rimenss diahaalaiength 0ErHBRRR ¥t is being guided or
directed. By utilizaneiweithindesstaocieehrigieestias difftectiprpyefraiciomeanedgetieatiomgit is possible
to direct energy fram different portions qf an array of RED dgvices in.desired directions. By
programmabiy 96?1‘90%?”1‘8‘(%8 &m@&%ﬁg\ee\iicgise%%%?%sré BH%' glﬁdg# ry%%gétﬁﬁgﬁheir intensities,
it is possible to pritieye eulitldsavgidetiwibititonubidst iivitghBynechoosing steady state or pulsing

mode and by further prEAMRIRGWAIRE feMesrHeaised AYBRL RS i inpgRaileo raise the

functionality even further, ~ Though this disclosure discusses the application of radiant energy
primarily within BHEEE.0RtE1ES Wib1ow sHREIRARRY Farde e SORIR ECARBHE SRAETH the art that
similar materialheaiingsffesttheathbeashievedarlzoter bperatagadiavelehgirsdssinging longer
wavelengths in the infrared or shorter wavelengths down. thr ISl ' spirit of the
disclosed invenﬁé% %%Tﬁc?edessi %’a@p%li%%ﬁigﬁ%?“d%‘r%%eg%cﬁ%“rﬁ%—%i@?&éﬁﬁ%ﬁ%@%%nﬁ%rs for the
purposes of radiargehi@agiagiajhSremstiidenminesiar leohitaioasiysdyemabsaliprdrs fraligble through

the far infrared. It mayﬁ?r@@%ﬁ@%‘ﬁoﬁﬂef%#%@ﬁ%ﬁ&%%%@%i%@ﬂ%ﬁﬁﬁémﬁiﬂﬁ@éﬁhef wavelength
selectable devices into the invention which'irradiate at other Wavel(%cr%?th?oout ide the mid-infrared
FpGHEHY £

range. 41  FRAFESGIARS REERPREIMIIER ShtD Ay Ie e SERED 10
comprises a Staﬁ'lfr@fbcﬂ‘aﬁﬁﬁpké@m}tiamybéety’t_béodgﬁgli_imﬂ@estaéHWBaeim@&ta@Rs of
contat 40 (corEESURING. 1 e aEle LS LANtare FLoL e AT 08 AR D 20 is madte o
the stack 20 thrpeghuigies sdatvhagiatienméin GOtR MM THRStRROLEIMHIESJRGing wire 80 and the
stack 20, photons70,a8,CHHed\IhRLPASSESHE: CHATRGIGHS! G ANSa CE MaYEeenglieoRsistent with
the configuration of the stack 20.” o : :

body as well as to stimulate activity in sluggish organs. I is beyond the scope

of this natent to examine any of the specific details or treatment

methodologies or the merit of such postulations. The subject invénﬁon

howe\}er, can provide a solid state, wavelength selectable, and programmable

mid-infrared radiation source that can facilitate a wide range of such medical

freatment modaiities.

It is historically true however that the medical industry has not had a

practical methodology for producing high-powered, waveiength specific

irradiation in the mid-IR wavelength bands. The present invention would

allow for such narrow band wavelength specific infrared irradiation and it

could do so in a siim, light weight, safe and convenient form factor that would

be easily used for medical applications.

For medical treatment there are some very important advaniages to
being able 1o select the specific wavelength or combination of wavelengths
that are used for irradiation. Just as in industrial manufacturing materials,

organic materials also have characteristic transmission/absorption spectrai-



Because many of the semi-conductor lessons learned in manufacturing LEDs may apply to REDs, it is
useful to mention a parallel that may help the evolution of the new RED devices. Drastic improvements
in the energy conversion efficiency (optical energy out/electrical energy in) of LEDs have occurred
over the years dating to their introduction into the general marketplace. Energy conversion efficiencies
above 10% have been achieved in commercially av&dlable LEDs that operate in the visible light and
near IR portion of the spectrum. This invention contemplates the use of the new REDs operating
somewhere withimviie 2nitordnméast tor ARk iispetesxaihije 8RAREDARSAPIRRAred heating elements

within various EglingSyolegissTs apelcaliondisseiiyey aspasiaialsgsgntation in blow molding
h i e

systems. Figures 9 and 10 show the relative percenta IR energy transmitted within a 10 mil
thick section of PET a8 Wﬁ@ﬁgﬂﬁfﬁa@érﬂﬂ%wﬁ?&o&dﬁf‘?@ﬁ%ﬁﬁgﬁgﬁ'}%@é\“’(ﬁ% to 3.5
micrometer), thgdeesenseofsitenokebstirptive bandsnivsvelengthiiandsiofditferoratetransmission)
are evident at several wavelengths including 2.3 micro 8.mi 3.4 micrometer. The
basic concept aasrgo%i%?gg vs\;ﬁﬁgh?'l‘% %%’éé%{ ﬁ?\r/é%%%r? S {égg%s%%) {Flegllé%]e erﬁﬁ%ﬁ%ﬁ?&%d and chosen
to operate at a Tolocetl sxartbmythtepidtiriame asihieroniaerIfP PreritereHsEs PRl as the

fundamental hi%ggg steRgMsthinsthe thewaal mgﬁ@g ﬁ@g@gbqfdygwmgldg@mgchines.

Figures 11a, 11D, and 11 ¢ show an example ens ofﬁﬁndividuil R Iﬁen%'bt/%%:s .1% ackaged
together into a SUAABRIRESHIROSBYRIRUOE I (R ERI DS ERTSIHR T AVRNEH RE REDs 10 are
physically mouneggse #aah Nrstonedrragionsatkrdistelymttadhedranarcatiotermiz: The cathode

42 bus 120 is ideally fahricated ot 8&%@@5@{&%‘ @%@iéﬁr%ﬂp&r%m%ﬂowwm@ﬂ@mgood

conductor of eIeCchnmPy a8 WellAs Neat. corresponding regions of the REDs 10 are connected via
bond wires 80 té Wewihbaebssitia do RryaipptHeaimaE REMRIMIRR iR tRermal and

electrical propetiesias ihe-cathade s BRULGIAdRiseximBalieenerated across the 2 bus bars
causing a current (I) to_flow within the REDs 1 resultir@gin thﬁ?emiﬁi%oﬁ%%j IR ghotons or radiant
e

energy, such as that SROWT 46§48°5 A UHAND I Y OdE LR HE'H EhBSHIMent 16 direct the
radiant energy itie auptatervedidistctioniawayfraitnthérREDhealuetortiens 99 piibe small physical -

extent of the REDS 10.Mke L DassIbR inoiere: sl dkepkiiBdefiant agmded dgys emitied into

a preferred direfiGh-TRISE atement being compar y applied to the case of a much larger coiled
filament; such aawasovighirbdiwesivariagsmjaies slkeay e sRressanditeasR UL the

resultant radiangflycHsingragitionaldensing gaeansibainstuelskoews incheiastiarge? heat sink 140 is
used to conduct waste heat generated in the Erocess of creating IR ;%diant ener%érzgo%way from the

RED heater elerti&iHeL06 STHESRENE SR GBS RIpIL ATERR S LEIR G TN

various means known within
industry. These giemas iinsluge passivedeapSaikingeantivehebasmidrizeusiag toavEeton air cooling,

and aciive heat s RNBISE A6 IA 001G R IouiF 50019 dasaely for example, a liguid

jacket has the aé%%%?age of being able to conduct away the substantial amount of heat that is

generated from teshyiawety GrERiEiFE AnereroiowRIRES #& BEHOBRAELEFRE Pifotons. Through
the liquid media,fhis Beghcanhacorductemhionnn efigoantpaatinabes to anathesiaretstdiere heat is

needed. If the heat is conducted gut of the factory qr ) an her location. then, air conditioning/ cooling
energy could be‘é‘ﬂﬁ@ﬁ‘?@fﬁl@ggﬁtﬁ@&r adia&%ﬁiﬁﬁ%ﬁféﬁg\% [ﬁ‘i@g Optimally tse ! Prgmis
embodiment of therideentioan Bbmpdﬁg@mddncﬁnwidétmbaIbfraocgéiﬁﬁﬁoﬁéd Hersnis b protect the
REDs 10 and bopding wres SAiagnpeing damagetk Theshiuh tpdmpiaterahusonsyucted out of

quart due to its trg sSmission range that extends from the visible through 3.5.micrometer. However,

other optical materradmefidHRIGASEHE0M PR ArEATRILEIPPANSR L REh YRGB )8 THE vavelength
of operation of the REBscH seUithgilso bedissiths, and wavelengths for custom treatment.

infrared radiation is being utilized for an increasing number of medical
applications from hemorrhoid treatments 10 dermatoiogy. One exampie of
infrared treatment that is currently performed with broadband infrared sources
is called infrared coagulation treatment. Additionally, diabetic peripheral
neuropathy is sometimes treated with infrared famp treatments. Tennis elbow
and other similar ailments are often currently treated with broadband infrared
lamps as well. The incorporation of the present invention’s ability {o generate



43 One deployment of the RED heater element 100, within a blow molder, is depicted in Figures
12a and 12b. In this system, preforms 240 enter into a thermal monitoring and conditioning system
210 via a transfer system 220. The preforms 240 could come into the thermal monitoring and control
system 210 at room temperature, having been previously injection molded at some earlier time. Or,
alternatively, the preforms 240 could come directly #bm an injection molding process as is done in

single-stage injection molding/blow molding systems. Alternatively, the preforms could be made by
one of several spissifioroeasiegiaeicadiatios fasrwalhasis R BHHIR #RRSIAENDEERGring, entering in

this fashion, the preferms,2400aid havenandnerARoES Rfiliaatbealepriaioed wigain them.
Once presented by the transfer s%satem 220, the preforms 240 are t[[%rg B%%%j‘ through the thermal

monitoring andBBHPEY P& BRPRANYE I EHIBE S CATE ey We'Bhown in industry.

As the preformsgg2disteavelzhitabrihg sthesurlanosiiostigand ddriieobsysmu 240, they are subjected
to radiant IR ene‘%é 12{&emitte%b ea\Sseries of RED heater elements 100. The IR energy 170 emitted

by these RED i SE AR IS directly absorbed by the preforms 240 in preparation of entering

the blowing system 23e pstentddféreppretirtied enarthereaeriP a4y Be BdiRin@eRRer pulsed, as a
function of the sugly.REAIUNS, QHérr?ﬁfyaﬁégr@&%@ﬁ@%ﬁ@ﬁ@h@@h@%ﬂ%ﬁm such control

system 280, in one form, controls this functionality. As an option, the control se/gtem IS oﬁerative to
pulse the systeffiait ERERILEPEBRURTISFIE MY 58 QH@%ﬁﬁﬁWéP@a@ﬂﬁﬂ REOMPEHBed steady
state current levelsgrashievaihiohatruonienelsemitedsitet sifoirehdsédmpiisatoricend respond to
an input signal from an associated.senso ility, b termi imj d operation.

In the preferredoér{f?%sé“lc‘ielr%%‘ﬁ‘taélfa adg-%%vvr% Iﬁd%%aéﬁ)é%%%gg %ﬁ%@g&%%ﬂ%%‘%%%%@n%%ﬁﬁ described by

this invention, sextremesetidnatotiing Wiktewn2en iengsBrRIEras i dBIIGFEE O THISBYSERT removes

waste heat from,the: aiiangmechasicsRplcae it rexmip-iedheareloymgRiQenser process. A
conduction cooling device may also be em&loyed todos |é%eating,of%%rgeforms l% convection and/or
e | f |

conduction is k HPHE AR e YRR MSTRIRS i R CS NN B &Es. This is
because PET isaaivengpoor barsia tentyctatendiheating teeroutercperiphencibthe 44 preform

resuls n uneven (HoU e, NIUL10A.£00L5.9716% AL LABIATROURE Sindlso containec

within the preferor\é%rsys e embodiment are temperature sensors 2 iIch may take the form of an

intelligent sensoronidatmronsates sapumts FISIEoRABAPYS MADSLYRItE 2 WA d34dBEI beyond that
which a single poipiiemperRivE MaRTdresaant sensor is capable) and a temperature control system

280. These aspects of the preferred blow molder design are paiticularly applicable to the attributes of a
one-stage blow moldin@?y&?é?ﬁ?ﬂ?é%ﬁ%bﬁ%d@eo%wlﬁ%fb‘fﬁ&@ﬁ@hﬁ%?egg%%%ﬁ%%m enter into the
j[h_errr!al monit(_)ring;andrﬁon’diﬁmhngrsysmimt%mmmamiﬁgatactertaheﬁ{een@mggeal@tbined S:Iuring. the
o Tt (A RO b JOE eI At HSHIE SRACOREIN shiancoming

preforms 240 (or specific subsections of such perio , It 1S possible for a temperature monitoring

and control systEaT 280TgeReraE prariiHissBe it aEP R IIRERHSS AR RBatRG T uirements and

then communicaigdheseisedivpmenisin he famseidiiversigpalsdertrenindivoualREDeheater
elements 100. The solid-state nature and associated fast res ons% timesf% RED emitters 10 make

them particularlyP Sifted 16 BHOq T LR AP SHBRR L et 8P DRAIE 1 f%q%%%%stécg "%s a function

of time or preforanmevenienticAlsixusabséctiumef thedREDrasesy¢hay denedhtreliethdeswill be

appreciated. determine that the pulsing frequency, waveform shape, or combination of
frequencies along with the selected wavelength or combination of
wavelengths have a very substantial effect on the success of various radiation
treatments. i is very likely that many of the treatment medalities which will
utilize this invention are not yet undersiood nor realized since the subject

| invention has not bsen available {o researchers or practitioners.

Ancther application for the subject invention is in the preparation

processing, or staging of food. Certainly a very wide range of different types
of ovens and heating systems have been used in the preparation of food

throughout human history. Since most of them are well known, it is beyond



The temperature control system 280 used to enact such output control could be implemented as an
industrial PC as custom embedded logic or as or an industrial programmable logic controller (PLC),
the nature and operation all three are well known within industry. The control system, such as that
shown as 280, may be configured a variety of ways to meet the objectives herein. However, as some
examples, the system may control on/off status, ele8#rical current flow and locations of activated
devices for each wavelength in an RED array. Figures 13-16 illustrate methods according to the

present inventiding Rosireudd this anpestiapal ertietHostentsipo daniel EanEIEAENREPHSing suitable
software and harrsrRBPIRAHRNS\GRE (RShHIGHRS SRosIsMpIee Majecbakpyare elements may

be controlled by a software routines stored and executed with the temperature control s %em 280. 45
Referring now W8EfGUE235 RRrSFRt AR ResTE 6P tert RN R SRR ﬁ’l’&*ﬁ{% stic
preforms is shoyineputisidigtheshasicgitapstilt e pecativan® rebating 240raes travapouted via a conveyor
250 through a themal moniiaring And gentgl system. 210 Sise 5L Ot casecshayloe.
understood that; With all embodiments sfiowing conveyance, a simple means to locate the articles for
exposure, with aranithedtzoryepances. meyEhsie mpldpae. ke pligioitnarodocgrenaeitkated using RED
heater elements, 100 onkaingdwithin bedRermal menieEnacnhaorkelRusien 240 (Step 310). A

convection cooling system 260 is used to remove waste heat frog}(the air and mechanical components

within the thernPa ORISR REPELATIRN S tEHP R S RE$189°KEC: Another method 301 for the
treatment of thermopIassii@qmeiﬁﬁnsdsd)eﬂhﬁedmmgbm ﬂ:@t@nﬁaﬁtbwﬁﬁﬂd (BtepeB810), 'ghe process of
iradiating preforms 249 H%%B&%E%%ts& k?anggyﬁig%?cmsg'a% é’éé"%é&% %%908\%\8 g Step 320

of method 301, preforms are pulse irradiate ronously to their motion through the thermal

monitoring and eNERIGFIRIG BPYARSTIONITHI SIAEHISHOE 2RASECHETIRRE P8V Zubstantial
additional energygffiiansydracauze e Ridfeviceameatask e redaeiaraiedheariuppes that are

{med 1o the ra SRS IGIATEITR GNP dr o S92 DETERRG of
thermoplastic _pmfndifys;iso@ﬁtt_iﬁmdthfeﬁigehedﬁotrkmgsmm:id{miﬁsth%empmtaﬁi@&mineeming
preforms 240 |sorpp%§%{§£ éﬁé@&e}%&pﬁé%ggﬁgr}%gts %%aggg)&%gggﬁ 'gauge the latent heat

energy of preforms nter into the system (Ste e preforms 240 are then
transported via a convegoEEEmRFolidha TR AP IS IS MRPAAE REMHIRG SIRT 3109 305). A

temperature conirol $yslertRo sreingdhene npgsatuRedpfRMaBom sURRIeS i Reitempesature
sensors 270 to %enerate a preferred cgntrol signal tQ be, ?’F(S?fag{%t'% he RE heagsr elements 100 (Step

330). The preferfdtPUBIGFIGHANCIHER RATRHIRCRRE gfﬁ Fe'B8htrol' Sfstem 280 to
the RED heater MMS@O&('&WJWMM@MZA@JW thaveiendthtte iniragetie RED heater
elements 100 C%%lggwﬁ In e heLmAlmQaitrng SpdRENTRERS TS 230:(RIGRS10)- A
convection cooling system 260 is then _

desired heating and/or browning action to take place right at the surface.

Conversely, if it is desired not fo overheat the surface but rather to cook the
food from very deeply within i, then it is possible fo choose a wavaiength or
combination of selecied wavelangths at which the pariicular food is much
more transmissive so that the desired cooking result can be achieved. Thus
the radiant energy will be absorbed progressively as it penetrates to the
desired depth,

It is important o note that for electromagnetic waves traveling through
a non-mstallic matarial, the intensity of this wave I(f) decreases as a function
of travel distance t as described by the foliowing equation:

i(t) =lo{e-at)

in this equation, io is the initial intensity of the beam and « is the specific
absorpiion coefficient for the material. As fime t increases, the intensity of the
beam undergoes exponential decay which is caused by radiant enargy within



46 used to remove waste heat from the air and mechanical components within the thermal monitoring
and control system 210 (Step 315). Still another method 303 of the treatment of thermoplastic
preforms is outlined in Figure 16. In method 303, Step 310, the process of irradiating preforms 240
using RED heating elements 100, is replaced with Step 320. During Step 320 of method 303, preforms
240 are pulse irradiated synchronously to their motigé through the thermal monitoring and conditioning
system 210. The above description merely provides a disclosure of particular embodiments of the
invention and isheotrinieadsekforibinp aipesbef hnited i swiwiaeréw. ihis sagRofh&Rvention is not

imited 1o only he.aoxeafeacBeHaRPUERNGD A-APodRRIM Shisdigdiesuie adirsged many

applications of the invention broadly an ne application embodiment specifically. It is recognized that

one skilled in tROEIRIESITECaART BSVEREINITHICkpERERI0RE BRAJRIHRFHRIIRents that fall
within the scopg.phthe HuRMIGRedditYV e irslrimed iailofenysteamivtimomataict thermal treatment

of plastic targeta%%rg%%ggrggé%g&t}?{gold|ng or processing operations comprising:

By mixing RED elements that irradiate at different wavelengths, it is
possible to further optimize a cooking result. Within such a multi-wavelength
array, one element type would be chosen at a wavelength wherein the
absorption of radiant energy is low, thus allowing deep-heat penetration to
occur. A second slement type would be chosen wherein the absorption of

radiant energy is high thus facilitating surface heating to occur. Completing
the array, a third RED element type could be conceived to be chosen at &
wavelength intermediate to these two extremes in absorption. By controlling
the relative radiant output level 6f the 3 types of RED emitters contained in
such an array, it would be possible to optimize the important properties of
prepared food items. ‘

By connecting color, temperature, and potentially visual sensors to the
control system it is possible 1o close the loop and further optimize the desired
cooking resulis. Under such ciré:ums'tances, it may be pessible fo check the
exact parameter which might be in question and aliow the confrol system to
respond by sending irradiation at the appropriate waveiength, intensity, and
direction that would be most desirable. By ulilizing and integrating a vision
sensor, it would be pessible to actually view ths jocations and sizes of the
food products that are to be cooked and then optimize the ovens’ oufput
accordingly as has been described above. When used in combination with 2
moisture sensor, it would be possible to respond with the combination that
would maintain the desired moisture content. 1t is, therefore, possible to
understand how the subject invention, in combination with the appropriate
sensors, and controller “inteliigence” can truly facilitate the smart oven of the
future. 1t is, of course, possible to combine the present invention with
conventional cooking technologies, including convection ovens and
microwave oven capability to get the best blend of each of these technoiogy
offerings. The smari controf system could be designed fo best optimize both



a means operative to locate plastic target components in a manner facilitating the application of radiant
heating; and a thermal monitoring and control section into which the plastic components are
located for exposure, the thermal monitoring and control section comprising one or more solid state
RED-based radiant heating elements operative to emit radiant energy in a narrow wavelength band
matching a desired absorptive characteristic of the glastic target components via a direct electrical
current-tophoton conversion process. 2. The system as set forth in claim | wherein the means
operative to lodhke jsesephvegatios incrsaneimbosintdinspuittiepasyendaial ¢o9lgdaents. 3.
The system as t%ecti{r%sgd%g_laim | wherein an electrical supply current is continuous to the RED-based
radiant heating elementS whereby a continuous radiant energy output resalts. 4. Theﬁystem as set
a

forth in claim | whereiftiie2iREPRFEEE PYFEItHBRING Gisnans B YoMidiRR 18%RMERBIaNt energy
in a pulsed modganvithdhentime:efsnatimursotiipdt By acironndshstinedtovire talksiioe of individual
molded target compaonent thro he therma nitoring and I i 5- system as set
forth in claim 1 ﬂﬁn}ﬁeﬁg&?ﬂﬁﬁfgiﬁé\n -({)E]aejﬁg] aecs:o‘:]r%%((g?:tllrtsjr‘?1 E%%%ra (?é%iggfgro g_’cgﬁ §§ion cooling
device configuredrideeunciessizastéab by froangingritsneschainglo o Apbaersiatienstaadhermal

monitoring and ¢oDHOkSECHiAR wayBichBS-SIRIEM SR pIbD alBIdsIRE FoRIPTiSIng a

temperature sensor configured to measure temperature of individual target components prior to

entering the theti¢ FABBRG G eritcalll FBIRREES WRRFEIS BREIE heat content can be determined.

With any of the applications of the subject invention, it is possibie to
use various iensing or beam guiding devices to achieve the desired
directionality of the irradiation energy. This can take the form of a range of
differant implemantations - from individually lensed RED devices to micro
lens arrays mounted proximats to the devices. The chosen beam guiding
devices must be chosen appropriately to function at the wavelength of
radiation that is being guided or directed. By utilizing well understood
technigues for diffraction, refraction, and reflection, it is possible {o direct
energy from different portions of an array of RED devices in desired
directions. By programmably controliing the particular devices that are turned
on, and by modulating their infensities, it is possible to achieve a wide range
of irradiation selectivity. By choosing steady state or pulsing mode and by
further programming which devices are puised at what time, it is possibie to
raise the functionality even further. '

Though this disclosure discusses the application of radiant energy
primariiy within the 1.0 fo 3.5 micrometers range, it should be obvious to
anyone skilled in the art that similar material heating effects can be achieved
at other operational wavelengths, including longer wavelengths in the infrared
or shorter wavelengins down through the visible region. The spirit of the
disciosed invention includes the application of direct slectron-to-photon solic-
state emitters for the purpeses of radiant heating wherein the emitters are
concetvably opérationai from the visibie through the far infrared. it may be
desirabie 1o, for ceriain types of appiications, 1o combine other wavelength
selectable devices into the invention which irradiate at other waveiengths

outside the mid-infrared range.



7. The system as set forth in claim 6 wherein a temperature control system is used to generate control
signals to apply to the RED-based radiant heating elements based on a target component
temperature. 8. The system as set forth in claim 7 wherein the temperature of subsections of the
target component are measured and is used to generate control signals to apply RED-based radiant
heating to subsections of a target component. 9,Th& system as set forth in claim | wherein the
RED-based radiant heating elements are operative to emit radiant energy within a range of 1 to 3.5
micrometer wavelengffigure 8 to:cEne systeicabindefinthahakigld RbBretmtherREDHased radiant

heating elemenys g AP ELUIL BRIANbENSHRY LA RRSLRRS AR wavelength range

specifically tuned o the heating requirements of a particular target component application. 11. A
method of therrifawsalipit: tie NG ARG RTD P SPMETORISFEE IRKISR ATBIEN] bperations, the
method comprigingrtbRstersafectiockaREPFiIi0ea seTiemafineiarmetiienoina hesmaal monitoring

Poating olemertEBSRRTNTS o EREIE SHGR TS Hdirow A% Eah T Bhch MR a desred
absorptive charatteristici®tshbpetbokn?s dmoug® wire B0, When a current 80 is made fo

flow through the bonding wire 80 and the siack 20, photons 70 are emitted
that possess a characteristic energy or wavelength consistent with the
configuration of the stack 2C.

Because many of the semi-conducior iessens leamed in manufaciuring
LEDs may apply o REDs, if is useful to mention a paralle! that may help the
evoiution of the new RED devices, Drasiic improvements in the energy
conversion efficiency (optical energy out/electrical energy in) of LEDs havs
occurred over the vears dating to their introduction into the general
marketplace. Energy conversion efficiencies above 10% have been achievec
in commercially available LEDs that operate in the visible light and near IR
portion of the spactrum, This invention contemplates the use of the new
REDs operating somewhere within the 1 micrometer fo 3.5 micrometer range
as the primary infrared heating elements within various heating systems. This
appflication describes a specific implementation in blow molding systems.

Figures 8 and 10 show the relative percentage of IR energy
transmitted within a 10 mil thick section of PET as a function of wavelength.
Within the quariz transmission range (up to 3.5 micrometer), the presence of
strong absorption bands (wavelength bands of little or no transmission) are
avident at saveral wavelengths including 2.3 micrometer, 2.8 micrometar, and
3.4 micrometer. The basic concept associated with the subject invention is
the use of RED elements designad and chosen o operaie at a selected
wavelength(s) within the 1 micrometer to 3.5 micrometer range as the
fundamental heating elements within the thermal conditioning section of biow
molding machines.

Figures 11a, 11b, and 11c show an example ensemble of individual
RED emitters 10 packaged together info a suifable RED heater efement 100.
in this embodiment of the invention, the REDs 1C are physically mounted so
that N-doped regions are direcily attached to a cathode bus 120. The cathode



removing waste heat from air and mechanical components of the thermal monitoring and control
section of the blow molding machine using a cooling system. 12. The method as set forth in claim
11 wherein the RED-based radiant heating elements are operated in a pulsed mode synchronous to
the transport of individual preforms. 13. The method as set forth in claim 11 further comprising the
steps 0 measuring temperature of incoming preformito gauge latent heat content prior to entering the
thermal monitoring and control section: generating control signals to apply to the RED-based
radiant heating ielemgats sty abtuaiac onfing prefaeriesusbratucespandr goktbmitiahicating these

control signals {0 45 RERARSEA AV 198U0R RISHSILR <o neld: THE ABRUORAR et orih n clam

11 further comprising suring the temperature of subsections of a target component and generating

control signals f6EHPPHRED-BEsE 1R EIIATELY OB LEEFH RS, 10 the gngtR BHSthod as set

forth in claim 13;yherriptherRERRRSeGAdigat isalineelamentearioneiairaiica pulsed mode
synchronous to the transport of ind'viduatljgreforms. 16, A system for selectivel icr)l'éescting radiant

heat into a targ@f M SR IO FAPRATRYS 'BPIEAR RS LB 1R &rg{%ﬂya%%{%ﬁ & 150 device element

(RED), the at letrst Die:REzDsatensing beingopdiatvédw evitiviratliatRnbs dtheesolingandingth
emission of IR photons or radiant energy, such as that shown at 170. A
reflector 130 is used in the preferred embodiment to direct the radiant energy
into a preferred direction away from the RED heater element 100. The small
physicai extent of the REDs 10 make it possible to more easily direct the
radiant energy 170 that is emifted into a preferred direction. This statement
being comparatively applied to the case of a much larger colled filament; such
a relationship between the physical size of an emitter and the abiiity {o direct
the resultant radiant fiux using traditional iénsing means baing well known in
the art.

A heat sink 140 is used fo conduct waste heat generated in the
process of creating IR radiant energy 170 away from the RED heater eiement
100. The heat sink 140 could be impiemented using various means Known
within industry. These means include passive heat sinking, active heat sinking
using convection air cooling, and active heat sinking using water or liquid
cooling. The liquid cooling through, for example, a liguid jackst has the
advantage of being able to conduct away the substantial amount of heat that
is generated from the quantity of elecirical energy thai was not converted fo
radiant photons. Through the liguid media, this heat can be conducted fo an
outdoor location or fo another area where heat is needed. [fthe healis
conducied out of the factory or to another location then air conditioning/
cooling energy could be substantially reduced.

Additionally, a bulb 150 is optimally used in this embodiment of the
invention. The primary function of the buib 150 as applied here is to protect
the REDs 10 and bonding wires 80 from being damaged. The bulb 150 is
preferably constructed out of quartz due to its transmission range that
exiends from the visibie through 3.5 .micrometer. However, other optical
maierials including glass having a fransmission range exiending beyond the
wavelength of operation of the REDs 10 could aiso be used.



50 band of radiant heat output to match desired absorptive characteristics of the target; a mounting
arrangement to position the at least one RED element such that irradiation therefrom is directed at the
target; and a means for supplying electrical current to the at least one RED element whereby a
direct electrical current-to-photon radiation conversion process occurs. 17. The system as set forth
in claim 10 wherein the at least one RED element tdkes the form of an x by y array of individual RED
devices. 18. The system of claim 16 wherein the at least one RED element takes the form of a
customized arrangenfene cfapigividant St REftbeater glonmig $pemtdindevt TRlisiein the arrays

are in the form;ofchjpsanharg efr9¥ 31’2%“@6681%”ﬂ%‘%@%@é@ldﬁﬁéwguﬂtéﬂt@ﬂmw” a

chip-on-board conflguratlon aystem of claim 17 wherein the circuit boa % on which the

RED devices a@ﬁ@ﬁ]rﬂéﬁ%ﬁ@ﬂ:ﬁﬁ%‘é’? g'%&@ﬁ%ﬁ%%})@?ﬁﬂ\%t{@%ﬁﬁﬁﬁﬁtﬁ% ay from the

RED devices. The preforms 240 could come into the thermal monitoring and control system
210 at room temperature, having been previously injection molded at some
earlier time. Or, alternatively, the preforms 240 could come directiy from an
injection molding procesé as is done in single-stage injection moiding/blow
molding systems. Alternafively, the preforms could be made by one of several
other processes. Whatever the form and timing of preform manufacturing,
entering in this fashion, the preforms 240 wouid have varying amounts of
tatent heat contained within them.

Once presented by the transfer system 220, the preforms 240 are

- transported through the thermal monitoring and control sysiem 210 via a

conveyor 250, such conveyors being well known in industry. As the preforms
240 fravel through the thermat monitoring and control system 210, they are
subjected to radiant IR energy 170 emitted by a series of RED heater
eiements 100. The IR energy 170 emitted by these RED heater elements 100
is directly absorbed by the preforms 240 in preparation of eniering the
blowing system 230. It should be appreciated that the energy may be
continuous or puised, as a function of the supply or drive current and/or other
design objectives. The control system, such control system 280, in one form,
controls this functionality. As an option, the control system is operative 1o
pulse the system at electrical current levels that are substantiaﬁy greater than
recommended steady state current levels to achieve higher momentary
emitted intensity in puised operation and respond to an input signal from an
associated sensor capability to determine a timing of the pulsed operation.

in the preferred embodiment of a blow molder operating using the
method and means described by this invention, a convection cooling system
260 is atso preferably deployed. This sysiem removes waste heat from the air
and mechanics that are in proximity to the preforms 240 under process. A
conduction cooling device may aiso be employed to do so. Heating of
preforms by convection and/or conduction is known in the art o be
deleterious to the overall thermal conditioning process. This is because PET
is & very poor thermal conductor and heating the outer periphery of the



21. The system of claim 20 wherein the circuit boards on which the RED devices are mounted have
heat sink devices associated therewith for conducting heat away from the RED devices and the circuit
board. 22. The system of claim 20 wherein means for conducting heat away includes a liquid heat
exchange jacket operative to move the heat a substantial distance from the system. 51 23. The
system of claim 17 wherein the x by y array of indiviglual RED devices comprises at least some RED
devices operative to produce more than one selected narrow wavelength band of infrared radiation in
a range from 1 prifromessutis Sroicesaretbrough ReatTioe wiktéee obelamartarhatkintéte x by y array

comprises a mi{&é’!mﬁ*&?e‘i‘%\%?s which represents at least two different selected narrow wavelength
bands of infrared radiation In a range from 1 micrometer to 5 micrometer. 25. The system of claim

17 further comprising A'e®sRBiAIpeR M kUM iR RETRTes iRy BBMPIRERA one of on/off status.
electrical currentHowraneklgeations Diasiirie thagigestas eaeh saveieryibsieniessnted in the array.

26. The system of claim, 17 further comprising a.control system,configured. to have separate control of
sub-sections of?ﬁ@éﬁ&?%ﬁaﬁgﬁt‘%ﬁgn& B%%ﬂ?@n%ﬁﬁ?% %aéiri%?/sgﬁ ?n?gﬁgﬁy% gﬁt%put.

that which a single point temperature measurement sensor is capable) and a
temperature controi system 280. These 'aspects of the preferred biow molder
design are particutarly applicable 1o the attributes of a one-stage biow
molding system. in a one-stage biow moiding system, the preforms 240 enter
into the thermal monitoring and conditioning system 210 containing iatent
heat energy obtained during the injection molding stage. By monitoring the
temperature and thus the heat content of the incoming preforms 240 (or
specific subsections of such performs), it is possible for a temperature
monitoring and control system 280 1o generate preform-specific (or
subsection specific) heating reguirements and then communicaie thess
requirements in the form of drive signals 1o the individual RED heater
slements 100. The solid-state nature and associated fast response times of
RED emitters 10 make them particularly suited to allow the electrical supply
current or on-time fo be modutated as a funciion of time or preform
movement. Alsc, subsections of the RED array may be controlled, as will be
appreciated.

The temperature conirol system 280 used to enact such oufput control
could be implemented as an industrial PC as custom embedded logic or as or
an industrial programmabie logic confroller (PLC), the nature and operation all
three are well known within industry. The control system, such as that shown
as 280, may be configured a variety of ways to meet the objectives herein.
However, as some exampies, the system may control on/off status, electrical
current flow and locations of activated devices for each wavelength in an RED
array. |

Figures 13-16 illustrate methods according to the present invention. it
should be appreciated that these methods may be implemented using
suitable software and hardware combinations and technigues. For example,
the noted hardware elements may be controlied by a software routines stored
and executed with the temperature control system 280. :



27. The system of claim 16 further comprising a control system configured to supply the electrical drive
current to facilitate a pulsed mode of operation. 28. The system of claim 27 wherein the control
system is operative to pulse the system at electrical current levels that are substantially greater than
recommended steady state current levels to achieve higher momentary emitted intensity in pulsed
operation and respond to an input signal from an asddciated sensor capability to determine a timing of
the pulsed operation. 29. The system of claim 28 wherein the control system further comprises the

ability to synchronize RIURSHPEHE W ith ARTRIgTartetheg 300 tf e dhefian of claim 16
wherein the at lgagiragst Bﬁﬁea’@cﬁpﬁlﬁtmf@mﬁ& ansisan fuinltiplenBbastevieps ebnfigured in an
arrangement in a substantj non- ar configuration. . 31.Th em of claim 30 wherein the
RED devices a@ﬁé%f%eﬁ%%ﬁig@]c&l‘@uiEar;’g‘gPdie oﬁ%g%?gg 5 Bég{iér(éé {@ﬁFﬁgﬁgignal arrangement
whereby better fivatiatiomoieriogreaid taperof sxegerrasdQitSitep 30%). Thé systesn ibslatadlth 24 wherein
the array further, comprises RERAGHRSS RRLRHNRLAR MR Y BYRIRNSNSINAsApge outside the | to

5 micrometers range. _ _ o
means fo locate the articles for exposure, with or without conveyance, may be

empioyed. The preforms 240 are irradiated using RED heater elements 100
contained within the thermal monitoring and control sysiem 210 (Step 310). A
convection cooling system 260 is used to remove wasie heat from the air and
mechanical components within the thermal monitoring and control sysiem 210
(Step 315).

Another method 301 for the treatment of thermoplastic preforms is
outlined in Figure 14. in method 301, (Siep 310), the process of irradiating
preforms 240 using RED heater elements 100, is replaced with Step 320.
During Step 320 of method 301, preforms 240 are pulse irradiated -
synchronously to their motion through the thermal menitoring and conditioning
system 210. This synchronous, puise irradiation providés substantial
additional energy efficiency because the RED devices nearest the periorm
are the only ones that are tumed on at any given instant. in one form, the
maximum output of the pulsed energy is synchronously timed 1o the transport
of individual targets.

* Yet another method 302 for the freatment of thermoplastic preforms is
outlined in Figure 15. in this method 302, the temperature of incoming
preforms 240 is measured using temperature sensors 270. This is done 10
gauge the latent heat energy of preforms 240 as they enter into the system
(Step 325). The preforms 240 are then transported via a conveyor 250
through a thermat monitoring and controt system 210 (Step 305). A
temperature control system 280 using the temperature information supplied
by the temperature sensors 270 to generate a preferred contro! signai to be
applied to the RED heater elements 100 (Step 330). The preferred control
signal is then communicated from the temperature control system 280 to the
RED heater elements 100 (Step 335). The preforms 240 are then irradiated
using the RED heater elements 100 contained within the thermal monitoring
and contrel systems 210 (Step 310). A convection cooling system 260 is then



33. The system of claim 16 wherein the means for providing electrical current is a programmable
control system operative to control at least one aspect of system irradiation output. 34. The
system of claim 33 wherein the programmable control system comprises at least one input from a
temperature sensor and is operative to change at least one output parameter in accordance with the at
least one temperature sensor input. 35. The systém of claim 34 wherein the programmable control
system further comprises an intelligent sensor input to monitor other parameters about the target to
provide data uséaBfhimBITRRIVEDE daabloahthasicenbrvskyaiethsrmmamenduwiin  36. The

system of claimyRSdrergindbeitialigert SeRserSRmpiises astamengsystem.  37. The system of
claim 34 wherein the temperature senso ises a thermal ipfrared camera operative to monitor
the target in at least oﬁﬂa@ﬁ%&?ﬁ&%ﬂ?&%@% c%%%@?ﬁ%ﬁ’%ﬁgm gﬁ?g?é%%rimsté%perature
measurement semtined $3Figur88.6THe systend GhclaBtep Birtia meq#gsﬂlj taeg@’rﬁmnpone_nts
comprise at east.gaaf DfoT RiGIONED HeBFTL RlifSts 1089 /ML ISR SIBE B9d applied o 2

target, the met comprising: .
During Step 320 of method 303, preforms 240 are pulse irradiated

synchronously to their motion through the thermal monitoring and conditioning
system 210. _

The above description merely provides a disclosure of particular
ambodiments of the invention and is not intended for the purpose of iimiting
the same hereto. As such, the invention is not fimited to only the above-
described applications or embodiments. This disclosure addressed many
applications of the invention broadly and one appiication embodiment
specifically. It is recognized that one skilled in the art could conceive of
alternative applications and specific embodiments that fall within the scope of
the invention.



locating the target for exposure to at least one radiation emitting device; selectively supplying
electrical current to the at least one radiation emitting device; and, selectively injecting heat in at
least one selected narrow wavelength band into the target by the radiation emitting device based on
the selected supplied electrical current, the selected narrow wavelength band matching desired
absorptive characteristics of the target, 40. The method as set forth in claim 39 wherein the at least
one radiation emitting device is operational in a pulse mode. 4LThe method as set forth in claim 39
further comprising measuring a temperature of th‘%7target and controlling the selective supplying of
electrical current based on the temperature. 42. The system as set forth in claim | wherein the
radiant he l?gtdéﬁ%i “6r'tully absorbed by the plastic target components.  43. The system as set
forth in claim 1 wherein the wavelength band corresponds to a strong absorption band for the plastic

frget components. 44 Tie SYSIE. 25,581 AU RIS 1SRG AN sgpetion band s
prior to molding or processing operations comprising:
a means operative to locate plastic target components in a manner
facilitating the application of radiant heating; and
a thermal monitoring and control section into which the plastic
components are located for exposure, the thermal monitoring and control section
comprising one or more solid state RED-based radiant heating elements operative
to emit radiant energy in a narrow wavelength band matching a desired absorptive

characteristic of the plastic target components via a direct electrical current-to-

photon conversion process.

2. The system as set forth in claim 1 wherein the means operative to locate is
a convevance means operative {o transport the plastic target components.

3. The system as set forth in claim 1 wherein an electrical supply current is
continuous to the RED-based radiant heating eiements whereby a continuous radiant

energy output resuits.

4, The system as set forth in claim | wherein the RED-based radiant heating
elements are operative to emit radiant energy in a puised mode, with the time of
maximum output synchronousiy-timed to the transport of individual molded iarget

component through the thermal monitoring and control section,

3. The system as set forth in claim 1 further comprising at least one of a
convection cooling device or a conduction cooling device configured to remove waste
heat from air and mechanical components within the thermal monitoring and control

section.



54 45. The system as set forth in claim 43 wherein the strong absorption band is at approximately
2.3 micrometers. 46. The system as set forth in claim 1 wherein the narrow wavelength band is
between 1.6 micrometers to 2.5 micrometers. 47. The system as set forth in claim 1 wherein the
narrow wavelength band is between 1.6 micrometers to 3.0 micrometers. 48. The system as set
forth in claim 1 wherein the narrow wavelength band is

48

6. The system as set forth in claim 1 further comprising a temperature sensor
configured to measure temperature of individua! target components prior to entering the

thermal monitoring and control section whereby latent heat content can be determined.

7. The system as set forth in claim 6 wherein a temperature control system is
used to generate control signals to apply to the RED-based radiant heating elements

based on a target component temperature.

8. The system as set forth in claim 7 wherein the temperature of subsections
of the target component are measured and is used tc generate control signals to appty

RED-based radiant heating to subsections of a target component.

9. The gystem as set forth in claim | wherein the RED-based radiant heating
elements are operative to emit radiant energy within a range of 1 to 3.5 micrometer

wavelength.

10.  The system as set forth in claim | wherein the RED-based radiant heating
elements are operative to emit radiant energy within at least one narrow wavelength
range specifically tuned to the heating requirements of a particular target component

application.

11. A method of thermally treating thermopiastic preforms prior to stretch
blow molding operations, the method comprising the steps of:
transporting a series of preforms through a thermal monitoring and contro!
section of a blow molding machine;
irradiating the preforms using RED-based radiant heating elements
operative to emit radiant energy in a narrow wavelength band matching a desired

absorptive characteristic of the preforms; and



between 1.55 micrometers to 2.0 micrometers. 49. A system for non-contact thermal treatment of
plastic target components prio to molding or processing operations comprising: a means operative
to locate plastic target components in a manner facilitating the application of radiant heating: and a
thermal monitoring and control sec on into which the plastic components are located for exposure, the
thermal monitoring and control section comprising one or more semiconductor-based narrow
wavelength band radiant heating elements operative to emit radiant energy in a narrow wavelength
band matching a desired absorptive characteristié¢®f the plastic target components via a direct
electrical current-to-photon conversion process.  50. The system of claim 49 wherein the plastic
target components comFiBeVAdeuate Reb M mechameat supmesents ol thovtasamdd of

thermally treatingdhermeplaste RreiesMeRIaT to stetolblons rnalding eReratigns othedngthod

comprising the steps of:
systerm.

12, The method as set forth in claim 11 wherein the RED-based radiant
heating elements are operated in a pulsed mode synchronous to the transport of individual

preforms.

13, The method as set forth in claim 11 further comprising the steps of:

measuring temperature of incoming preforms to gauge latent heat content
prior to entering the thermal monitoring and coﬁtroi section;

generating control signais to apply to the RED-based radiant heating
elements based on the incoming preform temperatures; and

communicating these control signals to the RED-based radiant heating

elements.

14, The method as set forth in claim 11 further comprising measuring the
temperature of subsections of a target component and generating control signals to apply

RED-based radiant heating to the subsections.

15, The method as set forth in claim 13 wherein the RED-based radiant
heating elements are operated in a pulsed mode synchronous to the fransport of individual

preforms.

i6. A system for selectively injecting radiant heat into a target, the system
comprising:
at least one solid state radiation emitting device element (RED), the at

least one RED element being operative to emit radiation in a narrow wavelength



55 transporting a series of preforms through a thermal monitoring and control section of a blow
molding machine; irradiating the preforms using narrow wavelength band radiant heating elements
operative to emit radiant energy in a narrow wavelength band matching a desired absorptive
characteristic of the preforms; and removing waste heat from air and mechanical components of
the thermal monitoring and control section of the blow molding machine using a cooling system.
51.The method of claim 51 wherein the thermoplastic performs are PET preforms. 53.A system for
selectively injecting radiant heat into a target, the>$ystem comprising:

band of radiant heat output to match desired absorptive characteristics of the
target;

a mounting arrangement to position the at least one RED element such that
irradiation therefrom is directed at the target; and

a means for supplying electrical current to the at least one RED element

whereby a direct electrical current-to-photon radiation conversion process occurs.

17. The system as set forth in claim 10 wherein the at least one RED element

takes the form of an x by v array of individual RED devices.

18. The system of claim 16 wherein the at least one RED element takes the

form of a customized arrangement of individual RED devices.

19, The system of claim 17 wherein the arrays are in the form of chip-on-
board x by v arrays of individual RED devices mounted directly in a chip-on-board

configuration.

26, The system of claim 17 wherein the ctrcuit boards on which the RED

devices are mounted on circuit boards chosen to be operative to conduct heat away from
the RED devices.

21. The svstem of claim 20 wherein the circuit boards on which the RED
devices are mounted have heat sink devices associated therewith for conducting heat

away from the RED devices and the circuit board.

22.  The svstem of claim 20 wherein means for conducting heat away includes

a liquid heat exchange jacket operative to move the heat a substantial distance from the

systern.



at least one narrow wavelength band emitting element, the at least one narrow wavelength band
element being operative to emit radiation in a narrow wavelength band of radiant heat output to match
desired absorptive characteristics of the target; a mounting arrangement to position the at least
one narrow wavelength band element such that irradiation therefrom is directed at the target; and a
means for supplting electrical current to the at least one narrow wavelength band element whereby a
direct electrical current-to-photon radiation conve§§ion process occurs.

23, The system of ciaim 17 wherein the x by y array of individual RED
devices comprises at least some RED devices operative to produce more than one
selected narrow wavelength band of infrared radiation in a range from | micrometer 1o 5

micromeier,

24.  The system of claim 17 wherein the x by v array comprises a mix of RED
devices which represents at least two different selected narrow wavelength bands of

infrared radiation in a range from 1 micrometer to 5 micrometer.

25.  The system of claim 17 further comprising a contro! system configured to
separately control at least one of on/off status, electrical current flow, and locations of

activated devices for each wavelength represented in the array.

26.  The system of claim 17 further comprising a control system configured to
have separate control of sub-sections of the array for at least one of position within the

array and intensity of output.

27.  The system of claim 16 further comprising a control system configured to

supply the electrical drive current to facilitate a puised mode of operation.

28 The system olf claim 27 wherein the control svstem is operative fo pulse
the system at electrical current levels that are substantially greater than recommended
steady staie current levels to achieve higher momentary emitied intensity in pulsed
operation and respond to an input signal from an associated sensor capability to

determine a timing of the pulsed operation.

29.  The system of claim 28 wherein the contro! system further comprises the

ability to synchronize the pulsing operation with moving targets.
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30.  The system of claim 16 wherein the at least one RED element comprises

an array of multiple RED devices configured in an arrangement in a substantially non-

planar configuration.

31, The system of claim 30 wherein the RED devices are deployved on
multipie circuit boards configured in a three dimensional arrangement whereby better

irradiation of a certain type of target results.

32, The system of claim 24 wherein the array further comprises RED devices

operative to produce wavelengths in a range outside the 1 10 5 micrometers range.

33.  The system of claim 16 wherein the means for providing electrical current

is a programmable contro! system operative to control at least one aspect of system

irradiation output.

34, The system of claim 33 wherein the programmabie control system
comprises at least one input from a temperature sensor and is operative to change at ieast

one output parameter in accordance with the at ieast one temperature sensor input.

35.  The system of claim 34 wherein the programmable control system further
comprises an intelligent sensor input to monitor other parameters about the target to

provide data used in modification of at least one aspect of the system irradiation output.

36.  The system of claim 35 wherein the intelligent sensor comprises & camera

system.

37.  The system of claim 34 wherein the femperature sensor comprises
thermal infrared camera operative to monitor the target in at least one aspect bevond that

which can be monitored by a single point temperature measurement sensor.



38.  The system of claim 1 wherein the plastic target components comprise at

ieast one of PET preforms or PET bottles.

39. A heat injection method applied to a target, the method comprising:
locating the target for exposure to at least one radiation emitting device;
selectively suppiving electrical current to the at least one radiation

emitting device; and,
setectively injecting heat in at least one selected narrow wavelength band

into the target by the radiation emitting device based on the selected supplied
electrical current, the selecied narrow wavelength band matching desired

absorptive characteristics of the target.

40, The method as set forth in claim 39 wherein the at least one radiation

emitting device 1s operational in a pulse mode.

41.  The method as set forth in claim 39 further comprising measuring a
temperature of the target and controlling the selective supplving of electrical current

based on the temperature.

42, The system as set forth in claim | wherein the radiant heat is partially or

fully absorbed by the plastic target components.

43, The system as set forth in claim | wherein the wavelength band

corresponds {o a strong absorption band for the plastic target components.

44, The system as set forth in claim 43 wherein the strong absorption band is

at approximately 1.65 micrometers.
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45, The system as set forth in claim 43 wherein the strong absorption band is

at approximately 2.3 micrometers.

46.  The system as set forth in claim 1 wherein the narrow wavelength band is

between 1.6 micrometers to 2.5 micrometers.

47. The system as set forth in claim 1 wherein the narrow wavelength band is

between 1.6 micrometers to 3.0 micrometers.

48.  The system as set forth in claim | wherein the narrow wavelength band is

between 1.55 micrometers to 2.0 micrometers.

49. A system for non-contact thermal treatment of plastic target components
prior to molding or processing operations comprising:

a means operative to locate plastic target componentis in a manner
facilitating the application of radiant heating: and

z thermal monitoring and controf section into which the plastic
components are located for exposure, the thermal monitoring and control section
comprising one or more semiconductor-based narrow wavelength band radiant
heating elements operative toc emit radiant energy in a narrow wavelength band
maiching a desired absorptive characteristic of the plastic target components via a

direct electrical current-to-photon conversion process.

50, The system of claim 49 wherein the plastic target components comprise at

east one of PET performs or PET bottles.

51. A method of thermally treating thermoplastic preforms prior to stretch

biow molding operations, the method comprising the steps of:
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transporting a series of preforms through a thermal monitoring and contro!
section of a blow molding machine;

irradiating the preforms using narrow wavelength band radiant heating
elements operative to emit radiant energy in a narrow wavelength band matching
a desired absorptive characteristic of the preforms; and

removing waste heat from aitr and mechanical components of the thermal

monitoring and control section of the blow molding machine using a cooling

gystem.

52.  The method of claim 31 wherein the thermoplastic performs are PET
preforms.

53. A system for selectively injecting radiant heat into a target, the system
comprising:

at least one nafrow wavelength band emitting element, the at least one
narrow wavelength band element being operative to emit radiation In & narrow
wavelength band of radiant heat output to match desired absorptive characteristics
of the target;

a mounting arrangement to position the at least one narrow wavelength
band etement such that irradiation therefrom is directed at the target: and

a means for supplting electrical current to the at least one narrow
wavelength band element whereby a direct electrical current-to-photon radiation

CONVersion process occurs.



