Digital Heat Injection by way of Surface Emtting Sem - Conductor Devices
[0001] This application is based on and clains priority to U S. Provisional
Appl i cat iwo 2biw/106k6224, 765, filed July 10, 2009, and U. 8cTRisomiosranal
Application No. 61/157,799, filed March 5, 2009, both of which are
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Background of the Invention:

[0004] The general techniques for practicing the art are thoroughly described in U.S.
Patent Number 7,425,296 (identified above) and the related patent family. The above
family of patents generally teaches a technology which is known as narrowband digital
heat injection by absorption spectrum matching, or for short, Digital Heat Injection, or
DHI. An important DHI concept that must be well understood is that of matching the
wavelength of irradiation to a particular wavelength at which the target has an
absorption coefficient that is the most desirable for the desired application result. Since
each type of material has its own unique absorption spectrum caused by the atomic
absorption characteristics of its molecular makeup, it is necessary to understand what

the absorption spectrum curve looks like for any given target material which is to be



as the spectral curve or by other shortcut names. As a practitioner reduces
DHI technol ogy, to actually practice for a given application, there is a
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such a steep curve in order to take advantage of the exact abst rption
coef f | gpWnehanging shapepin part efothehewnve rand seanpaoreabaiptly rchandes) skeabasain

r equi r&ﬁgfpéﬁ‘%ﬁé&iﬁ%ﬁ%hat can be manufactured econonmically to a ver yif

hi gh |ev precision that is very repeatable. Simlarly,
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place between UV and long infra-red which have rapidly or abruptly changing shapes.
These will be areas of the absorption curve which have a very steep slope such that a
small change in the wavelength equates to a very large change in the absorption
coefficient. For example, pizza dough, water, pepperoni, and cheese all have active and
rapidly changing curves in the 900 — 1500 nano-mater range wherein there are points at
which less than a 50 nano-meter change in wavelength will yield a 3X to 5X difference
in absorption coefficient. There are other materials, such as polyethylterylphthalate (or
PET) material from which beverage and food containers are blown, which have portions
of their absorption curves which are extremely steep. Targeting the exact point on such
a steep curve in order to take advantage of the exact absorption coefficient which is
optimal for heating the material in a desired way, requires a laser device that can be
manufactured economically to a very high level of wavelength precision that is very
repeatable. Similarly, if one is trying to hit a narrow peak or dip in the absorption curve

(typically plotted using absorption on the y-axis and wavelength on the x-axis),
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peak and actually hit the target with energy that will be at a
substantially different absorption than planned. The result would require a
| ar ge chawgeoionoeise anount of energy required to achi eveCrhis2desreset
heating or energy deposition. [0007] Another concept of digital heat
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br oad icwolves ccleddsireg ithe, right wavielgrgth atot htive ciheopeecissin desired amount of
absorption in a target. As has already been taught in the ‘296 patent family indicated
above, the practitioner of digital heat injection will often want to choose two, three, or
more wavelengths because each of them has a desirable absorption co-efficient at its
respective wavelength. By irradiating with chosen proportioning, this allows a skillful
practitioner to specify the exact combination of penetration and absorption that might be
ideal for a given application. While DHI technology may work with reduced wavelength
precision, it has been found that a substantial improvement can be made in the practice
of the technology by incorporating a much higher level of wavelength precision. It has
also been discovered that , certain specialized types of semi-conductor hardware may
be necessary to further optimize the implementation and hit the precisely desired
wavelengths with extremely narrowband energy and to accomplish it economically.
Since lasers and other narrowband irradiation sources used for many DHI applications

must be of a type and design that they can be manufactured and implemented

3



| asers, LEDs or other narrowband emtting devices and manufacturing
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from the targeted/desired center wavelength. If it is desirable to hit a specific center
wavelength very precisely, like +/-1 or 2 nano-meters, the only choice is normally to sort
the devices individually and pick only the devices which are in the tight desired range.
This can mean that perhaps 80% or more of a production lot would need to be thrown
away. Of course, sometimes they can be used for another application that needs an
adjacent wavelength, but this is not a reliable business plan for most situations. This
sorting procedure could easily cause the production yield to be below 20% when all the
other production causes for fall-out are included. This is a major problem for high-
production, high-powered use of such devices. Producing vast numbers of devices that
are at the specified wavelength is required for the best economics and for solid
commercialization of various products which may desire to apply DHI technology.



steps which nake it nore expensive to integrate into an application and
nore expensive and involved to automate. The first aspect is that npst
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device is typically parallel to the plane of the wafer. The thousands of
devices that are yielded froma single wafer by either saw cutting or

scori n@o3ny c H%Vdéﬁﬁ]ﬁ 8f ﬁé&ﬁorﬁé]%dé‘Fa%eié“ﬁéé@s‘éﬂéﬂesd‘fﬁlhﬁ\%%r o PR LS g y

instead of cutting theminto individual devices they are |eft physica
connecstegs a¢ich off maes exesnsive ohinfegratesntokanapplicatian| saskemobmexpdisivéhar
may co I, | asers, but, m ght i cal l.y. 0 or re, different, |ase

devi ce%?(?é&:qm{_’eoofa T _ iug?{n?ﬁnc'? E&@fﬁé%@dﬁgﬁ?é Mog Qjode éa%qrﬁqrengmﬁ?@él |y
j oi nedfabgichtedi in BRI IIDDIVD RefauURDrcBBIN WeachiRERth SEeRJEARE hPpreaer.herRe
Whether it's a 'bar' configuration or whether it's an indrividual |aser

di ode démate 1a9ing ciection ichreach deidee isriynically' paraliel to, thet plaenefctheswafert o

e of T todind GUeRIRIhaPRRC FRREN §ond SRR oy afife bo R S ¥ o e
| aser ssaringranbiéieatingad dice tHes into eatgieidasi dévices. t SoRietifRig ine®ad| 6 difiting

I nproved the design, all this additional processi na and care for the edges
woul d %@ﬁbmt%frm'\f@uaiéieé/!q%thay ate tefigphysiralinerunaeted asny rw ot devices whgher t o
el i m nat f td0. a ' f : Fi ,
Cypr car t0gh KAGHAId<CA el Bar A o34 nfay bR NYhscls b SHERCGRlBT b ¥ 0P
subst rabes differentl 1ager Sebises ateach4of avidérorfuddtions satiddagipl.i chéprsy sty be

¥ bst r at t 0, I hows th | direction of
e boameastipa Dipshls et oanbers teso.hey Niereayer Saparied dop dom.
facet Whetddicir8ma tamgohfithtioR drf WhemePIAMBICRRIdUMI 18 2tR I8 UM If5r  Ne

surface which ultimately Ts the site o common cause for
i n | asegnvginiideal. ‘etige emiitting'nipsess et i80nécessaagitd eparfatnt piolishiny amd tdieet i f e

f | di Al i ck t ' fecti , ] ' t d .
ot her MEEhatef e Padt Gtendt hf bRt delBe, ale o Ship PO BFCGRe B G B o
heat i niacehiTife vastt ma rit)r-’@‘ﬂsallt&o&éilééﬁ@-ar@%énhﬁac&?@%é bﬁ@'séabhge &mitting

‘catastrophic facet failure' and is the nost common failure node in
sen - cyRELER\BeES. akiears impoyed the depigbell ithis gedidioarl pracessingqndacarerfostigpe so

e S R B, L eRRTBLEA WY, AL BB BN e il B

6(b), elminhty prdabli@nsepsandt@ses during
[0012] With reference to Figure 5, typical edge-emitting devices 10 are shown in a
bar 12 disposed on substrates 14 and 16. Substrate 14 (and/or 16 in some
applications) may be a cooling substrate or system.  Also, line D shows the general
direction of the beam as it is generated in the wafer -- to be output ultimately at a facet
20. The emitting facet 20 (three examples of which are shown) is the surface which
ultimately is the site of the most common cause for failure in laser diodes. The emitting
facet 20 is fragile and critical to the life of a laser diode. Any nick, scratch, imperfection,
contaminant and some other issues on that surface can lead to additional local or large
scale heating which in turn leads to failure. This is known typically as ‘catastrophic facet
failure’ and is the most common failure mode in semi-conductor lasers. Also, the facet
is generally rectangular in shape so issues of control and output consistency arise
relative to the fast and slow axes of the laser output.



t he manufacturing nounting of traditional edge emtting | aser devices 10 is
the following. To maxim ze the life and output of diode |lasers, it is
necessar ywoceonawbk268hem adequat el y and evenly . Lasers t rag/ysat10oed44any
substanti al anmount of power should properly be nounted to sone sort of heat
di ssipating substrate, e.g. substrate 14, on at |east one side of the |aser
di ode. For best cooling and nmaxi num device |ife, the surface of the facet
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sinking heat out of the laser device which can also lead to uneven heating and
overheating of the critical facet area of the laser diode. Similarly, any interface medium
or coating which has been superimposed between the cooling substrate or cooling
circuit board and the laser diode(s) can either not come all the way out to flush or could
ooze out and cause an overhang material situation. This also, like the other conditions ,
can lead to or contribute to catastrophic facet failure. To eliminate these problems it
would be very desirable to incorporate a laser diode which can be mounted quickly and
cost effectively without concern for the issues just described.
[0014] Since many DHI applications utilize more than one laser diode in order to get
enough radiated energy to the target, the mounting complications and number of diodes
required can raise the cost of manufacturing DHI systems substantially. Hence, another
limitation of the current technology is the limited power that can be produced from a
single laser diode. If the laser diodes are driven harder or designed as larger packages

in order to get more power output, it raises the power density that must pass through



in order to get nore power output, it raises the power density that nust
pass throughthe output facet. As the power density rises, the heat that is
i nevi t ablwormsx10bm3di ssi pated nore carefully. The conpr eciras2aloatedts of t en
taken de-rates the devices to keep the efficiency and | ongevity reasonabl e.
[ 0015] Carefully controlling the tenperature of the |aser devices or |aser
arrays is not only critical to the life of the devices but it is critical
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out putodesh MREhRS & Q@@égéﬁ@alaf‘é%%@,: té¥ede?c§ﬁé@%tb°orvb,stdr8 malfeﬁgg%jatrhg?ta the

at | east one narrowband radi ati on em I ng device being a noun surface
em ttip@ctiteear difodigidévheat injestian tecwolagye willr eosbanier r adieat itojingntd ti ng

devi ce_being .mpunted to a ti,ng entity, c rising at |east one of a

ci r cui SOBBETHATAR SYas) PRETILpdamently ¥ UM RAIPURH SOnientionel sdds esmiting

i rradi pkbogicdebtAidNsdmenth8enairolBasd deReBadophaedly whicAtdRR §48 td iy
device is directed generally orthogonally relative to the Iargest plane of

t he nmoteNal thjnkingiregresentednRilie prgsamtriaveriiatnt configured to position the at
| east one narrowband radi ati on

Summary
[0017] In one aspect of the presently described embodiments, the system comprises

a means operative to locate a target in an irradiation zone facilitating the application of
radiant heating into the target, at least one semi-conductor based narrowband radiation
emitting device element, the at least one narrowband radiation emitting device being
operative to emit radiation at a narrow wavelength band of radiant heat output which
matches a desired absorptive characteristic of the target, the at least one narrowband
radiation emitting device being a mounted surface emitting laser diode device, the at
least one narrowband radiation emitting device being mounted to a mounting entity
comprising at least one of a circuit board and a cooling substrate such that the central
axis of an irradiation pattern from the at least one narrowband radiation emitting device
is directed generally orthogonally relative to the largest plane of the mounting entity, the
mounting arrangement configured to position the at least one narrowband radiation

emitting diode device such that irradiation therefrom is directed to a target in the



emtting diode device such that irradiation therefromis directed to a
target in theirradiation zone, and a nmeans operative to supply electrical
current twothw/@me26Beast one narrowband radi ati on em tti RgTASLI10026440018] | n
anot her aspect of the presently described enbodi nents, the at | east one
sem conduct or - based narrowband radi ation emtting device elenent forns an
array of nore than one surface emtting |aser diode devices. [0019] In

anot hejfragftept zoie, el #NSSEHTRY bYerdaos td téegp@rm@sﬂneﬁn&@rreﬁth@ AETRY eSS BHd S€s
an X by Y matrix of surface emtting | aser "di ode devices wherein both X and

Y are Gareaweand mr.atméewtm)g deY'O@ZO] I n anot her aspect of the presently

mor e «o01Ene T aPpicl asheft BRI slherBy iSelBb e &ufhE, 168 de 84 e
geonet séraitontoctat-based lmawemlmead refzgibni aritting tevicorserdentforer ah dksy of
i rradiati on output pattern of the conmbination of the |aser diode devices to

pr ovi d@OFRihag 0N puiinGa eHHting laske diadeciRiders: ar get which is to be
1 adi gieady [ §924hothgr aégg;é&?roﬁ%nscp RentiP4BLGARA | SRR dihe aray

enbodi one or re arrangenment 1S supérl npose

bet weecorhpeses aay( layld’ miaérix afrgﬂ‘fadeoemttfheg fasep ditrieodevicas whergn boeh X and
i rradi gtion 61 rn at he point where the irradiation reaches the intended
target ! 3["@(92‘%] ef agiiedd- aspect of the presently described enbodi ments,

devi Comoap | N bHBfriaRpbiCohEe BrefontR! dekAbbd b dliflcRiC the SFALSE if RES:
8 meg ?;f at 3 ﬁ?é?

t he device types bel ng east one of produci’'ng er ent
wavel eiogmiaf, arbemmgemduﬁreayt ofr mdrd tham alid serface emitfieg laseb siodst devitesssdhr vy,

f di ff di ff t power, out put d of differi

devi caBhiR R BPRERDIogRtohS Kbt BT VB Soeicereian BEO i bed
enbodi imdigiontdRpat patterAlof ke CBADINGtINR ¢fi the A diSERY HEGICEY E’@Erd\ﬁde better
characterized by being three or nore different device types. 24]

anot helfragigtieptof ghe tﬂi%n%%'@émtlwhlﬁbs&tq beifrashigtedi nents, the di ffer ent devi ce
e D 23 o Bl R0l s, A L R BASEY S i iRif
anot hedSr rGFRQE5 atrangeratheis dapeniposed twees ant! arraesed R taaBogoMMeY S,
the di E;Jr%BSQ tof improving the irradiation pattern at the point where the irradiation reaches
the intended target.
[0022] In another aspect of the presently described embodiments, devices are
included in the array of at least two different device types, the device types being
defined by at least one of producing different wavelengths, being manufactured from
different wafer substrate chemistry, of different physical sizes, different power outputs
and of differing device output patterns.
[0023] In another aspect of the presently described embodiments, the array of at
least two different device types is characterized by being three or more different device
types.
[0024] In another aspect of the presently described embodiments, the different
device types which are included in the array can produce at least two different
wavelengths, the center of which wavelengths are within 100 nm from one another.
[0025] In another aspect of the presently described embodiments, the different
device types which are included in the array can produce at least two different

wavelengths, the center of which wavelengths are more than 150 nm from one another.



device types which are included in the array can produce at |east two

di fferent wavel engths, the center of which wavel engths are nore than 150 nm
from one woabten2j68026] | n anot her aspect of the presentCy/usesonrded

enbodi ments, the neans operative to supply electrical current to the at

| east one narrowband radiation emtting device is conprised of a system

whi ch can sel ectively supply current by way of at |east one current

cont roqoloaey PAVeANGtHEP!5p8BE T fR ﬁés&ﬁmﬁrt HRkLAsed Y Yerfiio bttt | #RNtmeans
controller, the intel Ilgent controller ich contro e power supply

consi sereretiveito Isepply aetrical eunperigioalineedtl leastogne na(mwbahtienadmxon emlttlng

|
et b CoBBTaL P 2y Slas el rih ety SRR Gran{Byira Rt Fast
descr i besl carrbactortitlihg poveer Sy wmﬂ c&PBE rc@hlr@ﬂed‘ﬁ? ahhﬁte?i e'nlt t¥nirSller,

selectively control the irradiation fromthe at | eas different device
types.th [edoéél]gqnﬁ @ntoher waiileeentrsls the pomwes swpply d@m}ﬂrswda’felﬁbsﬁonemfsa t he

the. atPPORPERS 1o coRrdRFL 3 B afistel Byt urlbie et i ol cec™
are coedritaisgstehn andrartembedded odibaon@sireri rradi ati on zone on the target.
[0029] | n_another aspect of the presently described enbodi ments, the

i nt el 160941 chniansthey apred ey H’tq veesentlyi desciibeg embodinentse thedntelligent f r om
e conyRfer 108 I LBIARE <AEuRlehP BoRTbl thd Hrimea ol ohe, Br 10y e e

are configure var correspondin
di fferd!ffer&[tbsievpmtmes:har acteristics of the target. [0030] I n anot her

tl ed enbodi ments, the geapetrical arrangenent
ot nel8aP] ol At sPedan! Hieo AESSHV CAaSq be ERGaMYS: fe THRBOAN
d ’ [
- ?at‘?‘f”ég’“eﬁ.“%9?%@??%5@“2@@“9%02‘@%‘. IHRAOIIOD TRorD {RE oP Rt o8 oo

devi ceradigtliontemeiting deviees whetain dlae deyioes are tonfiguwetido irestiatet mofe thae one
presen | liigescrl bed adi gents, the at | east one of a circuit board and
cool i né'a§ '8{‘,28{‘8% than eight surface emtting devices nounted

t her eqp02bP0372] dn@tmm&;%cta@rpm‘et pRésdritlg deRsdRY! é{m%aﬁﬁérhsdtr%m@uugsm S,

the at | east one narrowband radiation eftting device consists of
i nt egre@d@ller iscoperative to diditally épnivek ibet radiationdranthe @t least onemarcsvbhares

whi ch r4aidtioB e tﬁﬁé "He‘?/gce%t w‘wgﬁetmﬁgrdéﬁ Ay afe c%nﬁg%rted to irradiate at varying

wavelengths corresponding to different absorption characteristics of the target.

[0030] In another aspect of the presently described embodiments, the geometrical
arrangement of the surface emitting laser diode devices is arranged so that the
irradiation output pattern does not require the superposition of any refracting, diffracting,
or reflecting device between the laser diode devices and the irradiation target.

[0031] In another aspect of the presently described embodiments, the at least one of
a circuit board and cooling substrate have more than eight surface emitting devices
mounted thereon.

[0032] In another aspect of the presently described embodiments, the at least one
narrowband radiation emitting device consists of an integrated circuit chip array of more
than one surface emitting devices which were manufactured at the wafer level as a unit.

[0033] In another aspect of the presently described embodiments, the lasing inside

each laser diode device occurs in a direction parallel to the mounting plane of the



[ 0033] In another aspect of the presently described enbodi nents, the |asing
I nsi de each | aser diode device occurs in a direction parallel to the

nmount i ng whane/wb268hedevi ces while the central axis of PhE/USAMPOR6447
irradiation pattern is generally orthogonal thereto. [0034] In another
aspect of the presently described enbodi ments, the output irradiation
pattern of at |east sone of devices is collimted photonic energy in at

| east @agced while thlé%ér}t’r%qj%'%!%nbfiEhquuﬁﬂﬁ‘?ﬁé’&#aﬁéﬁgyaﬁbﬁp@behgrazgert}ﬁféglo"f\%PGCt

of the presently described enbodi nents, no conponent of ~t tern
i rraditherein. pattern of each device is parallel to the largest plane of the

| ] device jtself. [0 | h t th t
docer i O34T DY flthe® Gepeh o flis. Ptepoilv: destiBed) embrdfaltt o sodtort, of
each dignadegionspdttyraldfedt 168sttdiné F @eviceB!igelliPdatbd HHFRIHIE ie'ﬁ@r%'ﬁ);#ﬁ{at[] %tagt

[0037] In another aspect of the presently described enmbodi men
cont r oPng Atiteite funskamantal 967 arposedtaxes. how nuch accunul ated energy is

[ di t I ' { . 8]. | t . of
the pric0ad] |  "EBEEI BsPE S dhetd ol & eiheotidlimstSale PEpBREBF o1 he
devi cethel extainbetrtzetation patsentdizach.devivanieniiraliel Be thel REGES M&md bethrdasef

| aser di ode device operating tenperature change. [0039] In another aspect

of t hedipesieNiceyitsgfscri bed enbodi ments, the system conprises at |east one
sem -c t of L afk) Lt l.Ge t at
enst (OUBeF D i cRafior RREROVSITNE ahi8ferhly chBEl 'S tdIRERS . o SHRftonehfBr
radi atthenexterral ieradiationgpattern gifhediem devicer isdpamatiehatheldrgest phinehofréieches
a desired {albsortgt i ve characteristic of the target, the at |east one

nar r owWB&HB" %8 §if¥8 eni tting device being a mount ed surface enitting |aser
di ode RurEe. It Nendihe! GRPLOM (Y RUEATY GRLLAIdL LRSI, I EBnlis] N

nmounted to a nmounting entity conprising east one a clrfcult board and
a cool inalydealdberahikity saoctontradthavhenuemacalmaletad ehergy isr iradiiated oo gEddifer n
fromt hﬁ. 6}{? Ifﬁ@s&) onfz narrowband radiation emtting device is directed
generarle iP rq ﬁg?fgfe y relative to the | argest plane of the nounting

enti t yjooBBE NPwahbIMr AspaBIISIRBreSEYitiyIHERALE PRSddinehtd, MSe BEnirSIRGttpaNe

narrowband radi ati on emtting di ode
wavelength of the devices is a%ected by less than 0.1 nanometer per degree centigrade
of laser diode device operating temperature change.
[0039] In another aspect of the presently described embodiments, the system
comprises at least one semi-conductor based narrowband radiation emitting device
element, the at least one narrowband radiation emitting device being operative to emit
radiation at a narrow wavelength band of radiant heat output which matches a desired
absorptive characteristic of the target, the at least one narrowband radiation emitting
device being a mounted surface emitting laser diode device, the at least one
narrowband radiation emitting device being mounted to a mounting entity comprising at
least one of a circuit board and a cooling substrate such that the central axis of an
irradiation pattern from the at least one narrowband radiation emitting device is directed
generally orthogonally relative to the largest plane of the mounting entity, the mounting
arrangement configured to position the at least one narrowband radiation emitting diode
device such that irradiation therefrom is directed to a target in the irradiation zone, and a
means operative to supply electrical current to the at least one narrowband radiation
emitting device.
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device such that irradiation therefromis directed to a target in the

i rradi ation zone, and a neans operative to supply electrical current to the
at | east woeoramwewdband radi ati on emtting devi ce. [ 0040pCirusanoiban’ aspect
of the presently described enbodi nents, the at |east one

sem conduct or - based narrowband radi ation emtting device elenent forns an
array of nore than one surface emitting | aser di ode devices. [0041] In

anot he[rooaapecm @hoiHé‘P @éfeaf the Fﬁé%@hﬂ?%s@ﬂb@dﬂe'mosmeh&e tRE TRYe&QNGHd ses
an X by Y matrix of sur ace em t ? aser di ode devi ces wherein both X and
i

Y are m@p@@lwﬁahe@ﬂfb narreyvbang gedizfion reraiiinchdevies gearmeintt forme pneareayt bfy

descri rray for the production of radiant
energﬁgge ﬁ{célp' ﬁe@qu% %ﬂtgﬁ%%geggwgiﬁ(ge%ceéem conductor irradiation array
wher ei [QOUNE devi gRsther eagpeict nBlUNhEdprdseray deddibaay epsliRimehtss Braratraypon
which the array is nounted, wherein the nounting board is conflgured as a

hi gh HeQMBPGSASIRR: X5 v YsuBY i oft sirfacecemiting leser dipsle dpvicasayberain bodhdand heat
and On?a?éféatéro %ﬂmn(ﬁl)el ectrical supply current, wherein the array is

conpri se sur ace emtting, sem -conductor Iaser devi ces, wherein the

axi s oi00dRE opi iarwithgrhasmadt cofothep presentiyhdesuribay embaeimhedts, iah irradiation
substanti al | er pendi cul r to the large plane of the nounting substrate,
and, V&% ?V F%e IPRP b@éiﬂam UK FIFeFed demérﬁ@ﬁwtycwaeaﬁ@s {S6 Mt

| east &}ﬂu%fora}rr‘é@fa‘ﬁbnlﬁﬂf\ghé%% kA deViRES Bre %o@‘?ﬁéuﬁ ad ﬁﬁérfﬂntfw' y edges

arrangenent, a state cool er, a conpressed rre I'a cool er an
t her noefed board upaalthich tr{eomsy id moamtﬁdaewheaeqmeme rabuntirey boansieustdqnﬁgessfd i bed
enbodi nent,s §arée arr% of surface emtti n%gdew

by Y
wher AP B9 Reaponcheticn SupurdteruichTies gtoBan St eip SPREYHERIAANd e
pr esendde/|fep & b&%&@&%d&%gply@ﬁr@ﬁ Mbereh BE SraRRISSRPEs& of surface

surface-emtting devices whereby sone of the devices are rotated relative
t o t hegmitking, gﬂ@bnmongua@viases deyioea5ihereimtiu: axis ohdeaptiasl phbtonis estpot bl
iteminto

an v O At R DETELS s slBs RPN AFPBRYEERS 1 1hS SiShadaRe B e aniio
r adi andubz@ate, GHdp Wherdihahe Mid ERY Bodtass eelfigieandthemafadcapletd at leasef
the target i tem usi ng a nounted surface enmtting |aser di ode device,

wher ei9na Abawalat iacketieoaling system; ageaisadiatipndie areangament, sostateeehangea
mount | Qhler, a compressed media cooler and a thermo-electric cooler.

[0043] In another aspect of the presently described embodiments, the array is a X by
Y array of surface emitting devices whereby both X and Y is greater than one.

[0044] In another aspect of the presently described embodiments, the array is an
arrangement of surface-emitting devices whereby some of the devices are rotated
relative to their neighboring devices.

[0045] In another aspect of the presently described embodiments, the method
comprises introducing a target item into an irradiation zone, emitting radiation at a
narrow wavelength band of radiant heat output which matches a desired absorption
characteristic of the target item using a mounted surface emitting laser diode device,
wherein the mounted surface emitting laser diode device is mounted to a mounting
entity comprising at least one of a circuit board and a cooling substrate such tat a
central axis of an irradiation pattern from the device is directed generally orthogonally
relative to the largest plane of the mounting entity, and irradiating the target item based

on the irradiation device.
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entity conprising at |l east one of a circuit board and a cooling substrate
such tat a central axis of an irradiation pattern fromthe device is

di rect ed woneroalok3s3ort hogonal Iy rel ative to the | argest pplrarseoiofo2éshe
nounting entity, and irradiating the target item based on the irradiation
devi ce. [ 0046] In another aspect of the presently described enbodi nents, the
target itemis a food item [0047] In another aspect of the presently
descrifpedep sl hABINGE ashbet éﬂh@jsreséﬁw uéscarlb%e&ﬂbaa;méﬁé | thelakdet fenPid ef
Description of the Draw ngs Fidures 1(a)-(d) are representations of
a surfatwddtamt i ng devi ce; [0049] Figures 2(a)-(b) are representations of

anot h fa evl ce; 0 Figures 3(a)-(d e .a system
ccor 08371 o affinet aRBel B8 nrpeel beitert b upieys AhG R b
anotheipﬁy§ﬁﬁ@kﬁmgwumém)to the presently described enbodi nents; [0052]
Figure 5 is a prior art configuration; and [0053] Figures 6(a)- (b) are
prior art configurations. Detailed Description [0054] The present invention
descri nted but not well known | aser diode

techn $ﬁ§%§b§%¥@8ﬁ§fgki§k u&ggg of devices that are just energing froma

few adoenspd Fiyuréad({a)(e) ararepresaitation of a derfaceemittidg @evizes! ass are known
surface emtti nggg%)ode | asers. They have uni que properties for

pract i [OPAS] ai Giguse r(D) ﬁreetangw@taamfo@wta%sqw HAFENGERECRT t he
| t t h |
i Irrglr 0 egggf fﬁgtﬁ;@é egﬁaﬁggrtl o'rp\éalgosese'tgf g?@n%?@dgggrﬁﬁ%ﬁ@prﬁgg@] 2

subst aembadiimentsivel | nprovenent in both the econom cs and the practi cal ity

of pr iLcing _digit heat ectign technol oqgy., [ 0055] The i
manor 0PETL oFiGte ' Zopl caretBRE SYFRELI PGSOTHIG viss B9 RGBSR ERSHb s er
di ode &a¥bdiffert®r each system - since they are often involved in the

radiating relatively | arge surface areas and heating target items with a
subst d00p3] afmigune 5ds amrmrgm configuratfort; laadt r adi ti onal applications for

power foﬁ%ﬁ]’ d'FquJ?'gs %fae) (%S%re prior art configurations.

Detailed Description

[0054] The present invention describes a new use of a documented but not well
known laser diode technology. This is a new class of devices that are just emerging
from a few advanced manufacturers as experimental devices and as a class are known
as surface emitting diode lasers. They have unique properties for practicing digital heat
injection technology and they have none of the limitations indicated above. Although
they may not represent a substantial improvement for many traditional uses of laser
diodes, they represent a substantially novel improvement in both the economics and
the practicality of practicing digital heat injection technology.

[0055] The design and manufacture of DHI applications typically involves a large
number of laser diode devices for each system -- since they are often involved in the
radiating relatively large surface areas and heating target items with a substantial
amount of energy. Many of the traditional applications for power laser diodes use small
numbers of laser diodes and can justify more costly non-automated methods of
mounting. Conversely, for many DHI applications to be practical, it is necessary to use

highly automated manufacturing methodologies and to drive the cost down through the
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nunbers of | aser diodes and can justify nore costly non-automated nethods
of nmounting. Conversely, for many DH applications to be practical, it is
necessar ywoaeoug®21s3ghl y aut omat ed manuf act uri ng net hodolPagiusgo1anee4sd drive
t he cost down through thebest practices of high vol unme manufacturing.

Devi ce and manufacturing costs are so inportant to DH applications that
the nunber of applications which can be justified by custoners is inversely

pr opor paQnactiest BEhighn ll?ﬁfe“ﬁiaﬂ@fa%‘?ﬁnd’."“[b@ﬁcé nb%%ﬁhﬁécﬂfrin Bodt¥ drB&sfost

of the nopunted devi c€s. is for this Teason that the 1 nventors here have
soughtimpaitangito Wiyl applicaiidrsrihatithg nuasear ofi apgdisatinsawbicht ¢arabe justifiedrby

maki ng_t he technol o comer.ci al i zabl e. 056] The .inplenentation of this
Cype SPUSOmPEL B BNFEN-GroRayiace! 18 Rankirliina 5w Rk 15 Bsdepidriyen by
preci sihercodt b theembupfedaddvided. &tk Y6r this fdaSoR Ut tAE ifveTRGYs Hide Halve Wolughpar d
or substrate. This is nade possi bl e because it enmts the energy orthogonal
t o t headploagewsy afhiepiementieg lasenglioggeasta orticalistep iin noaking riae dechrmhegy

act ual ' 1 pl ace parallel to the surface but the energy is emtted
from t%%rﬁﬁ{gg(g?ﬁ%bi%e devi ce perpendicular to the lasing direction. Since it

i s not[0056] nomel ingligraeetitibh ol ghigeype ef siffacd emithag eeviceeRy the Aheittadde
tiny, fragile facet and al| the issues associated therewth. [005_7]b I't has
the fuehmaregaiigatrigeision aignmental allretadivedo the edges a weofing sisceit bpard

| ar ges r ti r , | ' | F h .Z€e fac of
an gdg(}er g%’%%g E@\?isi(g:er.kgq‘ﬁipségrggﬁucaggagﬁég)&e%@ﬁg;t hgegms%p? ?ﬁ%{?gﬁl tg)eﬁ#eacet
dr amat plané lof tke charufestefing eafénfesraasitich itadrighimtes t The abkiahiisirg] {akesIplacone

designs the ene density has been shown tg be up to three orders of
mon. LoRI@IFled8 I 1P HEe ST dbe BRI iy BPRisgdiEm: (heorsare diads dirgice

em tti ferpdRMicERS to The Sadidd dfBtlion, SEiALs & 5§t the MBrYPELGR EhdldnY d&QRGE
d r# cal ? | ?}?

gery life
and i nproved, nore econo and e cient cooling con guratlons.I C)n'te of
t he r eglpingtasoedricems gbatrtpe tiny e fragie faret ahtalldhe éssiesrassbciatadoiierawith.be

ey ddgBELa’ fffas, e, ERies a2 aR Rt SVin 25 uBBSION tebeh o ehalanere s
fur t helarqudy adit AR@NAhg NiaRE, AhiGPH tid®y tiRfls HOWEePHPRY FaQAabf ¥nVdde t he

geonetric proportions of the device so that very high power output devices
are podwitting davice. | bhiseiedugys dam sinergyt deosiphtiroegle the facej dramaticalyoesd] |t

ngmt Wﬁe?é‘f&ebeiﬁcr%%\éggtrgﬁgbiﬁﬂ/ sed‘gsttér%t%ﬂy.i il asgim%t idggigrewg ethgyénéray a(}enlsﬁia/lsﬁasone

been shown to be up to three orders of magnitude less with the surface emitting
arrangement compared to edge emitting devices. This typically should result in
substantially longer life and improved, more economical and efficient cooling
configurations.  One of the reasons cooling is simplified is that the direction of output
can be perpendicular to the mounting board -- so cooling can be accomplished for many
devices in the same plane.

[0058] The present invention has the further advantage of having an aperture that
grows proportionally with the geometric proportions of the device so that very high
power output devices are possible with low energy density through the emitting facet.
[0059] It has the further advantage of emitting irradiation energy, in at least one form,
which is already collimated in one axis while having only a modest divergence angle in
the other axis. This allows for very easy handling of the radiant energy output and thus
the use of simpler and more inexpensive lenses or optical devices (such as cylindrical

lens bars made of relatively inexpensive material). In fact, this feature eliminates the
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which is already collimated in one axis while having only a nodest

di vergence angle in the other axis. This allows for very easy handling of

t he radi amD 2ere0gRe3out put and t hus the use of sinpler amdTrmse@oiop@tpensi ve
| enses or optical devices (such as cylindrical |lens bars nade of relatively
I nexpensive material). In fact, this feature elimnates theneed for any

l ensing in many DH applications. This, is a further cost reduction for a

fully gesd fcﬂlbrrﬁ%ﬁéiﬁ%; fmahyl eHaééenc@hbﬁyvsrmens REUHABY é@él%&@éﬁdrpl’orgffuw‘e
out put of, for exa arfays of devices designated for different target

zones. quﬁ@@md Isystﬁe t Abig @dsmedlowavﬁ:rﬁtIe@&rozome\ncmw@'obeﬁytheu ghitput ooft rfor of

the wa radiat i,on, i roduction variations across a
waf er %’?%RBI%I 9”%Y%8 % 8%%'98?te§v{/8¥ﬁg% '?{3 2QRFh i s ti ght enough to
elim nﬁmoy he lmﬁ@sitﬁet)furm@rrtadﬁrenta@eaofsmmé VEry My mﬁdv of &ie QeBlendth BPSt
critical lications. Wth production sorting being unnecessary to

have a'“i?é‘i%iiomg &1yl progudaionsvadiaioRe BcERSsA M¢raare Y plusdminusaeneenef i t

for t | |t on
yst ent FRRSMe@IF et KB bnditt) | itrifate dRe Bt B Budlf ) 4 Shéif
rel i abihiélgntit fortevenntiid reisy chtiesli DEI wpphtatiogish Wit @edductieh surbbhdeeing

advant a%e of the current invention is that chanaes I n tenperature have at
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| ess ex ve coolin hni ques practical for many of the DHI

appl i c'&%) Pregse ¥ sophi sticated chillers may not be required but
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appl i catlons Al so the heat SI nki ng substrate can typ a nuch
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circuit board conponents mi ght be nounted. [0063] Al So, because the out put

of t hecerdiigdas less griicabaad cuakes simplere lersuexnangiveoeoalingdestrinesipractical
Connecfo'rorﬂaﬁﬁ‘rbfbﬁenﬁgﬁ Ep?ﬁfc%on YEtF&n%E(Qr% ea,‘délc?dhﬁﬁ%%teocj c%ﬂl%rs may not be

required but rather air cooling by way of heat sink fins may be adequate for many
applications. Also the heat sinking substrate can typically be of a much less
sophisticated design which is a terrific cost saving reality.

[0062] A further advantage is that the contemplated surface emitting devices can be
mounted on a mounting entity with more conventional, less precision pick and place
type equipment more similarly to the way other, non-optical circuit board components
might be mounted.

[0063] Also, because the output of the devices is perpendicular to the mounting
board, electrical connection can be made easier. Yet another advantage of the
invention is the rejection of irradiation photons that are reflected back to the laser device
so that the stray light is extremely unlikely to cause damage to the junction area inside
the laser device.

[0064] And yet another advantage is that the form factor of the surface emitting

devices lends to manufacturing the devices in extremely high-powered, single device
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invention is the rejection of irradiation photons that are refl ected back
to the |l aser device so that the stray light is extrenely unlikely to cause
darmage t owOhle1y/weasBi on area i nside the |aser device. [0064jus2od/og@t7 anot her
advantage is that the formfactor of the surface emtting devices lends to
manuf acturi ng the devices in extrenely high-powered, single deviceversions.
For exanple, a single diode |laser could be manufactured which would be in
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devices is that they can be Tanuf acture I um arseni de substrate
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is able to achi r.for man and functionality, in part, because of
an undév'i)'gﬂa% d\? 0?957'@%}%%5& ‘Eﬁﬁ%ﬁ%@ﬁ%ﬂﬁwumﬁtq AfesinFaparaeddn dejf aptiredy may
be cur N&@id Byﬂﬁé%f@rer{c%()ﬁg] Wth reference now to Figure 1(d), the devices

, or variations thereof, are shown as being distributed in an exanple
ar ray [0067] Th&rigfly ¢e argo exslrrmie)vvﬁmnas abdi wighalits timitatiomd then dewvide d06amiler so
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[0068] In addition, the emitting surface 120 includes an emitting zone 140 to
advantageously emit , in a predetermined direction, radiation 150. Notably, the device
100 is able to achieve such performance and functionality, in part, because of an
underlying grating surface (not shown). In this regard, the grating may be curved in
nature.
[0069] With reference now to Figure 1(d), the devices 100, or variations thereof, are
shown as being distributed in an example array 200. The device 100 is shown as being
distributed in such a manner so as to provide no gaps in radiation for the array. The
configuration of the array, and the number of arrays used, will allow, in some forms, for
advantageous control of zones of the arrays so that such zones can be controlled in an
appropriate manner. Also, it may advantageous to provide arrays, or groups of arrays
connected electrically in series to achieve a desirable drive voltage. This is
substantially advantageous in practicing digital heat injection so that the wire size can
be kept to a reasonable gauge. Large diameter wires would be required to drive a high
wattage at a low voltage because of the high current requirement. The large diameter

wires are more expensive as well as substantially more difficult to work with and to
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appropriate manner. Also, it may advantageous to provide arrays, or groups
of arrays connected electrically in series to achieve a desirable drive
vol t age. Wbizs1oy®2mabst anti al | y advant ageous in practi ci mgTdisgétoabesheat
injection so that the wire size can be kept to a reasonabl e gauge. Large
dianeter wires would be required to drive a high wattage at a | ow voltage
because of the high current requirement. The |arge diameter vm' res are nore
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order of plus or m nus one nanoneter “per wa -- as opposed
gr eat econtempiaied é¥-Hlodpplications ﬁwttth@rtmlsm@s:énedmeam)sof t6e, radiatioghddoomas

dvant f,the d 100 t.th f ti il
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1(a)-(d) show one exanpl e enb rrent of a device that may be inplenmented to
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surt acaebs(o\ﬁgtllgnhrange of a target that lies on a very “steep” portion of its absorption curve.
[0071] Figures 1(a)-(d) show one example embodiment of a device that may be
implemented to achieve the objectives of the presently described embodiments.
However, the surface emitting device, according to the presently described
embodiments, may take a variety of forms. Devices such as these will typically have an
emitting zone that comprises greater than 35% (or so) of the emitting surface (which
may be a surface having the target dimensions on the device) that is perpendicular to
the direction of the output.
[0072] Another example of a surface emitting device that can be advantageously
implemented within the presently described embodiments is shown in Figures 2(a) and
2(b). Such devices are disclosed in U.S. Application Nos. 2004/0066817 and

2005/0180482 -- both of which are incorporated herein by reference in their entirety.
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may be a surface having the target dinensions on the device) that is
perpendi cular to the direction of the output. [0072] Another exanple of a
surface ewDtoivg2mevi ce that can be advant ageously i npl eceniSeaoxnedsi n t he
presently described enbodi ments is shown in Figures 2(a) and 2(b). Such
devices are disclosed in U S. Application Nos. 2004/ 0066817 and

2005/ 0180482 - both of which are incorporated herein by reference in their
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22 of the su strate 1 rovi I ons |on
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S IR 88 bkl Skt 4Pt 5 o
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collimated in one direction as wt e devi ces Fi gures
al so dwesidroegions MOxfrradtibabgamm aperture as the device designed in

he. dd0PEAr s The gl fsuaBATH Fiaulel 2 Hn0 28 o PR SUGRR( I brabedf e
en ssign@tadvaRtR@isSEs WAY &l Sat@ishilludMparavir Figures dl(é)ew)ono% @iffbfsticenini S
orthogonal to the |arge axis or face of the device is means in many DHI

appl i dalementatien mf dne devicernf migure 2089 asidr 2() is, Juavevesahabéhe fightogoitted t o
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Figures 1(a)-1(d). It also does not maintain as large an aperture as the device designed
in Figures 1(a) through 1(d). However, the device of Figures 2(a)-2(b), like the device of
Figures 1(a)-1(d), does include a larger surface area of emission at a precise
wavelength. Moreover, the direction of emission is orthogonal to the large axis or face
of the device. This means in many DHI applications the plane of the mounting circuit
board can be orthogonal to the direction of irradiation. In this orientation the radiant
emission from the laser devices can be directly facing the target. Therefore, the lensing
arrangement of such a system, whether it be in one dimension or two dimensions, is
greatly simplified over other types of laser diode implementations. Importantly, both
configurations of surface in emitting devices from both Figures 1(a)-(d) and from Figures
2(a)-(b) maintain all the ease of mounting considerations that are described above. This
will be described in greater detail in connection with Figures 3(a)-(d) and 4.
[0075] Moreover, it should be appreciated that the surface emitting devices as

implemented in connection with the presently described embodiments are, in at least
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arrangenment of such a system whether it be in one dinension or two
dinmensions, is greatly sinplified over other types of |aser diode

i mpl ementwibi2ongL02d6aport ant |y, both configurati ons of suPCRAS20m0/026¥1t1 Ng
devices fromboth Figures 1(a)-(d) and from Figures 2(a)-(b) maintain all
the ease of nounting considerations that are described above. This wll be
described in greater detail in connection with Figures 3(a)-(d) and 4.
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as inplenmented in connection with the presently described enbodi nents are,
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whi ch the present descri I ments are 1 ncorpora
syst enctE0@e. ncl udes a control nmodule 510 as well as an array 520 and a |ens

525 (if 520 t ak ) f the f
cont eriI0ZBha” LML HIEIRRSE sl oy FGWELGIH ar SRE0 TS FPEk: e presnty
i rradi gédPibellerhBedffentPHR PEOrpdred ds dhovatorhe 8teRPBOE FhALESs %f&ghtrbhe

control nodule 510 nay take a variety of forns, including that o
i nt el | ngedle ethiesovelbastan away 520 ancarlepstarogement 52§ (foveessamyp! yThehat

contro en the surface emttin eyi.ces. It shpuld be appreciated
t hat t%@ai%pr%j&y %@Eeuﬁﬁy rqg}h?aﬁ%rmdcéorggnﬂ%%ﬁ&er?lﬂea% _ &8? %@9 8ffi%r
syst ens3@tsereple/ arliresdistion SHTargstt zbfe Bhe. surface emtting devices. The
intelligent controller may be a programrable |ogic controller, a

m cr opl08Z&ksolt shatdd beopppisciaied tiat thecenial enoddatdd maystake avasaty of
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t ypes.suppdy that controls current to the surface emitting devices. It should be appreciated
that the control module may include or control the means or mechanism or system to
supply electric current to the surface emitting devices. The intelligent controller may be
a programmable logic controller, a microprocessor-based control board, a computer
control system or an embedded logic controller. The intelligent controller has the ability
to selectively control the irradiation from the at least two different device types. The
intelligent controller has the ability to separately control the radiation from the at least
one narrowband radiation emitting devices wherein the devices are configured to
irradiate into more than one irradiation zone on the target. Therefore, the control
module 510, in many forms, has the ability to control how much accumulated energy is
irradiated to specific regions of the target.
[0078] The array 520 may take a variety of forms. However, in at least one form, the
array comprises at least one semi-conductor based narrowband radiation emitting

device element, wherein the at least one narrowband radiation emitting device is
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intelligent controller has the ability to separately control the radiation
fromthe at | east one narrowband radiation emtting devices wherein the
devi ces awe0wmifieyared to irradiate into nore than one PCraAS2@vioRsd4ZoNe on
the target. Therefore, the control nodule 510, in many forns, has the
ability to control how nuch accunul ated energy is irradiated to specific
regions of the target. [0078] The array 520 may take a variety of forns.
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di f f er ghtheNay& digdé RlelRes TOravida@betbr atadigisit of e iflidridedaBtget which is to
be irradiated. In at least one form, devices are included in the array of at least two
different device types, the device types being defined by at least one of producing
different wavelengths, being manufactured from different wafer substrate chemistry, of
different physical sizes, and different power outputs. The array of at least two different
device types may be characterized by being three or more different device types. In at
least one form, the different device types which are included in the array can produce at
least two different wavelengths, the center of which wavelengths are within 100 nm from
one another or are more than 150 nm from one another.
[0079] Also, it should be appreciated that an irradiation array for the production of
radiant energy associated with a target according to the present invention includes a
semi-conductor irradiation array wherein the devices are not mounted flush with any
edges of a board upon which the array is mounted. The mounting board is configured,

in one form, as a high head conduction substrate which has at least one layer to
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device types may be characterized by being three or nore different device
types. In at least one form the different device types which are included
i n the arwaypowan2psoduce at | east two different wavel engChgiS2elom2&ant er of
whi ch wavel engths are within 100 nm from one another or are nore than 150
nm from one another. [0079] Also, it should be appreciated that an
irradiation array for the production of radiant energy associated with a
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t he armaye U’ﬁ.ffgmwmiéﬂ&ﬁwl@.t ed drip array of multiple devices that were
manuf actured at the wafer |evel as unit. [0082] Wth respect to the

opt i on081Ens Adsq, dhe @mans nmsbeé@n“rﬂﬁ@rdca@w Boaids agigaolipg substrates so that
any number of surface emitting devices can be formed thereon. An example array

would have eight (8) surface emitting devices thereon. Also, the array may be an
integrated drip array of multiple devices that were manufactured at the wafer level as a
unit.

[0082] With respect to the optional lens arrangement 525, as noted above, it will be
appreciated that this lensing arrangement may take a variety of forms but, in at least
one form, it is a simplified lensing arrangement when compared to that which is known
relative to laser diode applications. In this regard, the surface emitting nature of the
device allows for the emitting surface to directly face the target areas, that is, the
emission is orthogonal to the plane of the mounting substrate. This reduces the need
for complicated optics systems. Therefore, in many cases a simple cylindrical lens, for
example, placed in front of the devices will suffice for lensing applications. In this
regard, a single cylindrical lens for multiple devices or a separate lens for each device
could be implemented. Also, because surface emitting devices generally have a larger

facet area and less power density, less expensive lens arrangements and materials can
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appreciated that this |l ensing arrangenent nmay take a variety of forns but,
in at least one form it is a sinplified | ensing arrangenent when conpared
to that wochiv®21i68own rel ative to | aser di ode appl i cat iPOmAIS2010/0243i4B
regard, the surface emtting nature of the device allows for the emtting
surface to directly face the target areas, that is, the emssionis
orthogonal to the plane of the nounting substrate. This reduces the need

for coua@hmﬁ@ t@dpt wasémwsﬁagelfb%rcsﬁ@ swabléfﬁm—ﬂg%gﬁcaioﬂsfwﬂuﬁe large

cylindrical lens, for exanple, "placed in front of evices W
for | esigfang aqeglsucé@tmlsaen at predise wayglengihsaarsi sajiséaatgtyi ridighcadergedsnsity
| enent ed.
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canbe |rrpl enmented. These advant ages becone desirable DH  applications

wher e Pfapdensinpfeica reflestor (ﬂ’f rme@zerﬁnsaqunermoaedme@ngm@saaam and the
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al t houm’radmtmrneabue@fhe:mtén@d @rgstnsinajtRePRIMPSOR gédmental afrehgemenpbf a
|l ensing or a reflector arrangenent i s superinposed between the array and

the t afgeturfase amidingirpeisdioss dewises s Aganaed se thati theisadiption eptpuspaitae
poi nt e% i W‘ quifd 36é ay %fpc{sﬁ‘?cfrﬂ%? diye réffbtc‘ﬁnge&ﬁtrg& é(?rj Q’ff%%ﬂﬁé d&id:

the g rlca arran e e su face e evices is
arr angbet\maentthaﬂasdneilodaaemms and mﬂmnaﬁlal@httargbtdoes not require the

f an refrac in |ffract|n or reflecting device between
S heeT DltDBay 0 TBe S Rbines atm: SBACAN reehiaiorb ot AR 200 50| MaN A/ge dakA o ca
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one form the staging area includés™a conveyor or carousel to nove targets
i nt o ttacgeteniatd4ite tzoniee540 rtadbatisddiatdnk sTlagmiggnageare‘éSBS@aylaalaisotimaa

statio | at,e, or oher S orrefor the sta area
my beoalidedhybifts” br ke Gt Slenfer clts som ofERudETHANG 2SR He
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[0085] It would be appreciated by those of ordinary skil the art that

syst entheg@ndgurEtigorie ajunetion efike applieatiosty of forms and | rrpl ement ati ons.

or cf or o8P ot v BN HCAA R ok B ro A kT TS oR Thal xRt et m

the syBigare 30thayornke Hoaperyi dfi fondd dnd iniplementdtiohs. For example, the system
500 may take the form of a system for heating preform plastic bottles during the blow
molding process. In another form, the system 500 could be positioned in an oven for
baking various types of food items.
[0086] In this regard, with reference to Figures 3(b) and (c), an example of an
implementation of the device of Figure 3(a) is illustrated. It should be appreciated that
the device or system illustrated in Figures 3(b) and 3(c) is merely exemplary in nature
and may take a variety of other forms. As noted above, a target 535 is shown in Figure
3(c). This target could take a variety of forms including that of a plastic preform bottle or
a food item such as a pizza. It should also be appreciated that variations in the target
object may require variations in the system (for example, changes to the conveying
system or staging area) that should be apparent upon the study of the present

disclosure.
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baki ng various types of food itens. [0086] In this regard, wth reference
to Figures 3(b) and (c), an exanple of an inplenentation of the device of
Fi gure 3(w 208/10ki68strated. It shoul d be appreci ated t ha&CTiuseoid®i4ae or
systemillustrated in Figures 3(b) and 3(c) is nerely exenplary in nature
and may take a variety of other fornms. As noted above, a target 535 is
shown in Figure 3(c). This target could take a variety of forns including

that ofpog7p! asidre speefiiealy, Fajiree3(By ilastrard d4ri emampiefoAs o tid d7ay 5bb. oul d
al so be appreciated that 'variations in the target object may require
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emtting devices 522 disclosed thereon. Each surface emtting device
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cont r obd§fsdtbrawbar thitee G’é\fig@@QF‘réﬁgefﬂ{ ﬂf‘é‘@&ﬂ{;ﬁ\s fsa%ﬁﬁ%déy bé \Q'Bng’iﬁe?%?{ ee
devi ces arranged in the columms as”shown may be consi dered "and controlled
as a saphcantolEd 35 acsepaoate. erissmrhasne nbrodthee rershodimeats; @oneaont@y nmayt  be

Che. peldiebs 2 AT BB el &1 s Guiatedt agdcroalDos o alptale” e ©
ar r angesttedn. A8 riciad tabdoar BefiusOthd RBVREESIUCR! 85 5220MaRUbe SREINGEd oh &

direction perpendicular to emtting surfaces, inproved perfornmance Is
obt ai neitbuitThear onpraslisgesubstrate taooulipbt sinesgy dn uaiditeatidgepenpentdicatar! tser

di odes be. rent fromthe disclogure herein. [0083] Wth
refer e%rg@ﬁqgg%ﬁﬁjggﬁ,gwﬁﬁgg?ci)ger{q@agw dy Qﬁ@'nle : sﬁgﬁﬁe i'Wpé‘?\J%??'g%t%ﬁei Bet

wher elybthir@bRusihg RAgeWHGRS|ae8T Hiodadi as !sﬁauMOd@égp@«@nphbﬁcihé&écle@Re _
resides on staging area 530 within a heating zone 540. For purposes of this

i | | usth&f€ion, it should be noted that the direction of travel of the object

535 1 5008BP/ OWitrP tefbéhBasin 85 Fi¥et3{c§%he array 520 is shown in an orientation

whereby the emitting surfaces emit radiation toward an object 535 that resides on
staging area 530 within a heating zone 540. For purposes of this illustration, it should
be noted that the direction of travel of the object 535 is into/out of the page as indicated
by the dot. In connection with the array 520, a lens or lens arrangement 525 is also
shown. The lens 525 may take a variety of configurations. However, the use of surface
emitting devices allows for the lensing device 525 to take on a relatively simple and
inexpensive configuration. In this regard, the lens may be a simple cylindrical lens
formed in a bar that is sized to advantageously distribute the energy emitted from the
array 520. It should be appreciated that the lens arrangement 525 is merely an optional
feature for any given application. It should also be appreciated that the relative location
of the lens 525 from the surface of the array may dictate the pattern that is seen at the
output or the target 5635. For example, this is a function of the arrangement of the
devices 522 on the lens array 520. Those of skill in the art will appreciate the manner in

which the lens distributes energy and focuses energy as may be desired. In any case,
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by the dot. In connection with the array 520, a lens or |ens arrangenent
525 is al so shown. The | ens 525 nay take a variety of configurations.
However, wbeouwgw22sB surface emtting devices all ows for PChaskensedigr devi ce
525 to take on a relatively sinple and inexpensive configuration. In this
regard, the lens may be a sinple cylindrical lens forned in a bar that is
sized to advantageously distribute the energy emtted fromthe array 520.
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illustrates sti rt her advantage of the use of surface emtting devices
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allows for sinplified cooling arrangenents as s erern

shown variedy pf forew. i Mewsherlia ﬁmastﬁme formt dwt pmﬂecstfweed;fdelﬁZfQG:mﬂnddéaﬁea a
vari et ver { as rotectjve shield 526
o mcbefirial Ml B Einereih A el waideniioind dlsd pRUSCE e ariak frobu
al so pudeiedtigarar ray fromundesired wear. [0091] Referring now to Figure
3(d), a graph 550 is shown. In the graph, a percentage of output as seen at
a tar gi®091} gRefersingagawvnia I%g@msﬁéc%cee mraplat S&pansshown.eabt thewgraphes of
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100 peleasintvo zones of the target. As shown, the line A illustrates a system utilizing surface
emitting devices. In this regard, the line A shows a sharp decrease from 100 percent
output seen to 0 percent output seen at a border or edge of a zone. Using edge
emitting devices, the output B is expected. This is a much more gently sloping curve.
This illustrates one advantage of the use of surface emitting devices whereby at least
one direction of the output is collimated -- so that the gently sloping curves or Gaussian
drop-off, such as that shown at line B is not experienced. In this regard, the output of
the arrays using surface emitting devices can be expected to be much more rectilinear
in nature, whereas the radiation output of edge emitting devices tends to be more
elliptical and Gaussian. In this way, the use of surface emitting devices allows for better
zone control for the output. Further, it will be appreciated that smaller arrays in higher
number can be used for more granulated zone control versus larger arrays whereby
larger zones or less precise zones are desired.
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out put seen to O percent output seen at a border or edge of a zone. Using
edge emtting devices, the output B is expected. This is a nuch nore gently
sl opi ng cwowe10/ibkdes il | ustrates one advant age of the useCofUSsuoiace?
emtting devices whereby at |east one direction of the output is collinmated
-so that the gently sloping curves or Gaussian drop-off, such as that shown
at line Bis not experienced. In this regard, the output of the arrays
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preci se zones are desired.[0092] Wth reference to Figure 4, the device 100
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i mpl enen URchl on - of

i tem Géxeangmnmtsr@()aarawﬂs&@@d OAslaidve, Mesement coinfigutdtiehstdad 5O Wregtyof
h various neans such as hydraulics,
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Al so. dighé gbpafﬁ.omr frf\éqén§éﬁaﬁ§é’mbﬁf‘g2@rc%ﬁ'}:ﬂ ng?dé;ﬁge RRibh o Ndidt- A
above, thes ens configurations can be great ed ‘and are no
cost ethkdasendioddarrags frem bnpmntmaaaﬁsrw}nigbrmau sorherfrdrasm edviostement or

i cat he | t. 620 c I h ction, of
O Bt PRgar FACeramDIsadod ARSI CRRNCOAYSTHMoLIA BoaIHeRdPE OREd r om
the enydgBBMN Sy bi'thel REERErral YppaXRIP S8 thépﬁ’gr&%@tﬂwﬁrlﬁé Bf 8RO ipg oven

woul d be shielded Trom being deposited on any o | aser array apparatus
so t hatoti meqerssawChoSusm&ensirfgelmmrsartupes bf lappilcsatl@os ab@m:ﬁ%@ tan tale thensi ng

[ f t t 620 ke th of on a

or ot ecPr Ui LBt 4P Gl TE Marspaeid BialE Fivancib e B8 1 ¢ ne
appl i ciaki giplichlloB.OIFE s6ARLEasdtibtA 4 earsding a&fdr@@ﬁ%mrﬁncﬁ%dp%t@ét%e%lb}de
shield could be used. One reason for doing this m%ht be so that the

pr ot ecequl@ berisadd Qnenragsopdpr dew this mightda sg thattthe pretestive shielchsan lbed

o SYPIRE, BASIEON LS Flogh o GREPREL S Shosshi, A, bR o o

pr ot ecdispesabiie @rdofcautyge thabitidy cahl e cleamedoahd ngased. AndtheRF&ature that
should be present with a protective shield could be anti-reflective coatings or coatings
for other purposes. Some surface emitting laser diodes emit a polarized beam so the
protective shield configuration may also have accommodations to use the polarization to
good effect.
[0093] The arrangement shown in Figure 4 further illustrates the advantage of the
use of surface emitting devices as opposed to edge emitting devices in DHI
applications. In this regard, it should be reiterated that the output of the surface emitting
devices is perpendicular to the largest surface of the device or mounting arrangement or
entity that is fabricated. In this regard, this allows for improved cooling and other
techniques. So, in Figure 4, very compact arrangements can be realized, which may be
desired in some applications. If edge emitting devices were used in the arrangement
shown in Figure 4, the circuit boards may be required to be positioned so that multiple

circuit boards are used to form each arrays and be arranged to protrude from the back

24



for other purposes. Sone surface emtting |aser diodes emt a polarized
beam so the protective shield configuration my al so have accomobdations to
use the pebaniz@ticdn to good effect. [0093] The arrangememtusstiomecddn Fi gure
4 further illustrates the advantage of the use of surface emtting devices
as opposed to edge emtting devices in DH applications. In this regard, it
shoul d be reiterated that the output of the surface emtting devices is
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[0094] It should be appreC| ated that the operation of the presen
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f unct i theatontgmpladgd t%’@m thalr cemtyold‘untﬁmnailty, Foay dakena eanetyeofcf@nmsol Fer may
utilize rrermrﬁhdew ”F@/ ocations that store rgutl nes are
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routines that are executed by suitable processors. In this regard, the techniques of the
present invention may be implemented and/or controlled using a variety of different
software routines and/or hardware configuration.

[0095] The above description merely provides a disclosure of particular
embodiments of the invention and is not intended for the purposes of limiting the same
thereto. As such, the invention is not limited to only the above-described embodiments.
Rather, it is recognized that one skilled in the art could conceive alternative

embodiments that fall within the scope of the invention.
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present invention may be inplenented and/or controlled using a variety of
different software routines and/or hardware configuration. [0095] The above
descri pt iwo 208v@bk363pr ovi des a di scl osure of particul ar ecihascemmneea4df t he
invention and is not intended for the purposes of limting the sane
thereto. As such, the inventionis not limted to only the above-descri bed
enbodi nents. Rather, it is recognized that one skilled in the art could
concei\xpea i rnative enbodi ments that fall within the scope of the

i nvention. ‘claim 1. A systemfor non-contact injection of radiant energy
into aitargltsystdm fey soarcarbagirinjgctign ¢f mraeliart enpegwntintoea ttardedc tiee sgstear get
inan irradiation zone facilitating the application of radiant heating into
t he t afYBPFISIHY: | east one sem -conductor based narrowband radiation emtting

device ele : rg,:%g di-aki-Pnneoh Lt i adrdeyi.c ei ng
operative P%W@%abé‘foﬁrgtn\?%ﬁba@'agté;grt 0 mee @HH?E'E@‘Q%%‘; rfggllllggg%bhg}a%)
out put apgiicatiomaf cdtiantehedtiogrietd tabdanget;i ve characteristic of the target; the

at | east one narrowband radi ation emtting devi ce, being. a nmounted surface
onitting | aderloaitodBedSemicondHelon, based (NareWband otasiatien, M HING HeAR ¢ i ng

devi ceg|RRiM %@%}tlégsﬁ&?é‘nﬁﬁ%}wghﬁﬂ r&8iatiby ﬁé?ﬁ’iﬁmd §evice %bidf?ééraﬂ@@ tcfS’fegﬂt

circuit board and a cooling substrate such that the central axis o

i rr adi radiagionpait a earroiv wavelrogtt bardh of ragientnheatowspuidwhiatli maaicbas entlesiraty
device_js djrected e.nﬁr aHl% orthogonal ly relative to the | argest plane of
t he m%?ﬁ"ﬂ veeﬁteqrtag, MSH® © tf’f »arrangenent configured to position the at

| east one nger gmveasdon@tadlondangiadidtios &Rty device dnga mdahtdd sadadd i on

therefromis directed to a target in the irradiation zone; and a neans
oper at ¢Witing lasgpgiogdecdamiaa;i cal current to the at | east one narrowband
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mounting entity comprising at least one of a circuit board and a cooling substrate such
that the central axis of an irradiation pattern from the at least one narrowband radiation
emitting device is directed generally orthogonally relative to the largest plane of the
mounting entity;

the mounting arrangement configured to position the at least one narrowband
radiation emitting diode device such that irradiation therefrom is directed to a target in
the irradiation zone; and

a means operative to supply electrical current to the at least one narrowband

radiation emitting device.

2. A system for non-contact injection of radiant energy into a target, the system
comprising:

at least one semi-conductor based narrowband radiation emitting device
element, the at least one narrowband radiation emitting device being operative to emit
radiation at a narrow wavelength band of radiant heat output which matches a desired
absorptive characteristic of the target;

the at least one narrowband radiation emitting device being a mounted surface

emitting laser diode device;
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at | east one sem -conductor based narrowband radiation emtting device

el enment, the at | east one narrowband radiation emtting device being

oper at i vewbaommioe2esadi at i on at a narrow wavel engt h bandPofi/usadivard44heat

out put which matches a desired absorptive characteristic of the target; the
at | east one narrowband radiation emtting device being a nounted surface
emtting |aser diode device;the at | east one narrowband radi ation emtting
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di ati itting.device. 3. Th t f claiml 2 wh int
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The system of claim3 wherein the array conprises an X by Y matri x of
sur f acthedrradiation zbageanddi ode devi ces wherein both X and Y are greater than

one (1) . 5. The systemaf claim 1erein devices are included in th
array of at% MRSAE DUETAIE e HPH e et fhdRE o Bas{ Gpe st
def i negditioaterhitta’f d®Ace.of produci ng different wavel engths, being

manuf actured fromdifferent wafer substrate chem stry, of different

physi cal sizes, different power outputs and of differing device out put

Bre it udels ettt o aimal g wHBRaT' Peadf ods' G Rerdfadr B "
t he cemireswisdndvadidtionpamiteng tbsicaretemeneforngnan rayofimors tiad @esintice 7.

The systemof claim1 or 2 wherein the neans operative to supply electrical
emitting laser diode devices.

4, The system of claim 3 wherein the array comprises an X by Y matrix of surface

emitting laser diode devices wherein both X and Y are greater than one (1).

5. The system of claim 4 wherein devices are included in the array of at least two
different device types:

the device types being defined by at least one of producing different
wavelengths, being manufactured from different wafer substrate chemistry, of different

physical sizes, different power outputs and of differing device output patterns.

6. The system of claim 5 wherein the different device types which are included in
the array can produce at least two different wavelengths, the center of which

wavelengths are more than 150 nm from one another.

7. The system of claim 1 or 2 wherein the means operative to supply electrical
current to the at least one narrowband radiation emitting device is comprised of a

system which can selectively supply current by way of:
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current to the at |east one narrowband radiation emtting device is

conprised of a system which can selectively supply current by way of: at

| east onewounroem26dontrol | i ng power supply which can bePcoruseabloed4by an
intelligent controller: the intelligent controller which controls the power
supply consists of at |east one of a progranmable |logic controller, a

m croprocessor-based control board, a conputer control system and an
enbedded | ogi A 2 Sy f et ei iynt.el | jgent
controller %a%ﬁg%%bkvﬁ%nt?Onigﬁ%iﬁﬁ%ggygé%ﬁ¥S@ﬂbﬁﬁéﬂ}??aﬁ%ﬁpﬁ@ﬁ %féﬁithe
at | eagtelligent dohfreiternt device types. 9. The system of claim 3 wherein the

| asing inside each | aser diode device occurs in a direction parallel to the
mount i ng pl thedntsiligent captypliessvhigh icontrals hernawer Larly epnsists QfLﬁtdﬁ@St one

i rradi ??‘1{ %@%pr O%lﬂe laglgedg)?ftl%llléy é)fﬁ é&%gﬂf@ss&hﬁégé ﬂt@olttﬁ% é%’gfﬂdt@f‘

array uct I'an nergy assocl a &3

conpr i sontgl sgstem, @mddcarcembeddeaddigit contralferay wher ei n t he devi ces are not
nmounted flush with any edges of a board upon which the array is nounted;
wherein the nmounting board is configured as a high head conducti on

substrgte Wpehs ?éman 'cﬁaﬁﬁ{ ?%ér@\blfﬁrthé Anfeh ?tcd?ﬁﬁ‘)tlleﬁ%so@ﬁe'%’éﬁﬂ& tP

conduct electri supply current erein the array I1s conprise
sur f acselectively mmtrcﬂém ircaghiatiart froml the ext lehst itwe diffenbel dévice typeaxi s of the
optical photonic output of the array of devices is substantially
perpendi cular to the |arge plane of the nounting substrate; and, wherein

the nognt i Wh@@%’l@n‘i of @%ﬂﬁ'(ﬁWﬁ@%lﬁQhé”‘@é’l ||ﬂé(d@@§§lh¢a§é? diddé @éﬁ'beQﬂ:%uﬂsf a
water jacket cooling system a heat radiation fin arrangenent, a state

changeincadirectiompaaipl tosthedmeudting ptslecef theddevieasewhile thecentral adepbthe 11.

em 1) S P AL DR R B WA B MaBedid, Y nan one. 12, The eyst em of

claim 10 wherein the array is an arrangenent of surface-emtting devices
wher eby sone of the devices are rotated relative to their_ neighboring

devi ce¥0 13An Aradihen arrgy ToF thriperdusgon &f gadiant @ﬁ%"QYtﬂféoﬁ@ﬁ%W”@oﬁrﬁﬁr%t ng:
i nt roc'&?rhﬂﬂsxﬁg? arget iteminto an irradiation zone;

semi-conductor irradiation array wherein the devices are not mounted flush with
any edges of a board upon which the array is mounted;

wherein the mounting board is configured as a high head conduction substrate
which has at least one layer to conduct heat and one layer to conduct electrical supply
current;

wherein the array is comprised of surface emitting, semi-conductor laser devices;

wherein the axis of the optical photonic output of the array of devices is
substantially perpendicular to the large plane of the mounting substrate; and,

wherein the mounting board is configured to thermally couple to at least one of a
water jacket cooling system, a heat radiation fin arrangement, a state change cooler, a
compressed media cooler and a thermo-electric cooler.

11.  The system of claim 10 wherein the array is a X by Y array of surface emitting

devices whereby both X and Y is greater than one.
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emtting radiation at a narrow wavel ength band of radi ant heat output which
mat ches a desired absorption characteristic of the target itemusing a
nount ed swofameloezsdtti ng | aser di ode devi ce, wherein thecrusatied2a&ur f ace
emtting | aser diode device is nmounted to a nounting entity conprising at

| east one of a circuit board and a cooling substrate such that a central
axis of an irradiation pattern fromthe device is directed generally

or thogpgal | y,d elabiver bk 1B bABASPtnPhA8s 1 9bo PN SRty

irradiating t ar get em base evi ce

as setdévecdswhereblyaiome 8f thieadeiicest dve rotatge relativatd their rfeigitbdringndevides. The
nmet hod as set forth in claim13 wherein the target itemis a preform
pl astic bottle.

13. A method for irradiating target items, the method comprising:

introducing a target item into an irradiation zone;

emitting radiation at a narrow wavelength band of radiant heat output which
matches a desired absorption characteristic of the target item using a mounted surface
emitting laser diode device, wherein the mounted surface emitting laser diode device is
mounted to a mounting entity comprising at least one of a circuit board and a cooling
substrate such that a central axis of an irradiation pattern from the device is directed
generally orthogonally relative to the largest plane of the mounting entity; and

irradiating the target item based on the irradiation device.

14.  The method as set forth in claim 13 wherein the target item is a food item.

15. The method as set forth in claim 13 wherein the target item is a preform plastic
bottle.
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