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the temperature of the fire. As wood and coal fires gave way to oil and gas fired ovens

or cooking surfaces, the fundamentals stayed the same in that the combustion of the
fire produced a broadband source of radiant energy. A knowledge base built up
wrapped around the assumption of the commonly available broadband equipped oven
cooking. As electricity became more commonplace in the early 20th century, electrically
energized resistance based heating coils were often used instead of the various
combustion-based sources. These resistance heating coils are often generically
referred to in the industry as Calrods. Although they seemed new and modern to the
consumer, they were still fundamentally very broadband irradiation sources. This is well
known but is evidenced by the fact that a Calrod heating coil may glow bright red, which
indicates output in the visible spectrum and will also produce energy continuously well
out into the long infrared wavelengths. Although it is a very broadband output source, its
peak output, depending on at what temperature it is operated, is typically in the long
infrared category.

[0003] In the last several decades, quartz halogen lamps, tubes, and bulbs have

been used in various types of oven or curing applications as well. Because the quartz



infrared category. [0003] In the last several decades, quartz hal ogen
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't rarrelgl rl]Jag IPa’[en’t No. 4,486,639 teaches one of the earlier multimode cooking
methodologies. He teaches the combination of a microwave oven with quartz lamp
heating devices. By having a control option of using the quartz lamps to either directly
irradiate or to heat the air and then cook by hot air convection, he combines three
different functionalities into a single oven. Although microwave cooking is probably the
newest fundamentally different cooking technology, the fundamental radio frequency
microwaves at its heart are actually a much broader bandwidth analog source than the
ones mentioned above. In fact, the only cooking devices that have been available in the
marketplace prior to this invention are analog broadband types.
[0006] Ronald Lentz et al. understood and re-taught some fundamental concepts in
their U.S. Patent No. 5,382,441. They recognize that long wavelength infrared has less
penetration depth with food than shorter wavelengths. They also recognize and re-
taught at some depth the classic physics of Planck's law of blackbody's which describes
the broadband radiation output which changes as a function of temperature of the

heating device. They recognize that, while they would like to be able to control the
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at 900 nm. The same dough is about three times more absorptive at 1200 nm than it is
at 1100 nm. Lentz fails to teach any kind of solution which would take advantage of this
important data to optimize the cooking way beyond what their solution can provide.
They also fail to teach a digital semi-conductor based narrowband source or how one
would build or implement same. They also fail to teach what a narrowband source
would bring as advantages. They also fail to teach and did not invent any “instant on” /
“instant off” technology. They neither fail to teach any pulsed irradiation technology nor
what the advantages would be. While they casually mentioned that their invention could
be practiced with other IR radiation sources, none of them are described as digital or
semiconductor-based or narrowband or directional. They further fail to teach a
methodology for implementing any IR irradiation sources that accomplish direct electron
to photon conversion. Clearly the thrust of their invention is comprised of using a filter to

reduce or eliminate some unwanted broadband range.
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vavel epatBeRRAISED 5 DBk URSEHGRA &t Huw 5720 I3 Yy s%)éed off absorption to
the maximum wavelength shown on the graph at 7 y. The specific absorption coefficient
for French fries varies from about 62% at 4.7 u to about 95% at 5.4 p and then backs
down to about 73% at 7 y. What McCarter fails to teach is the use of narrowband
energy and a digital source which would facilitate a precise matching of the irradiation
wavelength to the exact absorption coefficient that was desired for the application. In
the broadband arrangement that McCarter describes, the French fries exhibited 50%
more absorption at one wavelength compared to a wavelength only 700 nm away. By
using the narrowest source that he was able to find, he was not able to tune in to the
absorption that would have been ideal. It is not possible with broadband sources. He
also fails to teach a digital heating system which can be turned off and on instantly to
maintain the food at the exact right temperature but with substantial energy savings by
having a reduced duty cycle, since energy is only being consumed when the heating

devices are turned on. He shows a very low resolution graph which was adequate for
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usi ng the narrowest source that he was able to find, he was not able to
tune in to the absorption that would have been ideal. It is not possible
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cur vessulstamiadly energgsangmisaion(legisfabsoeption) beinvo abouh t40k nm thabsibave thht

di T ergnGaSEnEhe Kim tries to make the case that by using a quartz lamp with a lower color
temperature, it is possible to cook the food faster because of higher output of longer
wavelength infrared energy which will be in the generally higher absorption region,
which is shown to be generally above about 1400 nm. What Kim et al. fail to teach is
how to take advantage of the optimal cooking absorptions of the individual food items.
Again, the food items have local, micro-peaks and micro-troughs in their absorption
curves which are substantially different from one another. Substantial differences are
evident even within less than 100 nm of wavelength. It is apparent that those small
features were not meaningful to Kim and cohorts because the graph that is shown has
very little resolution or detail. It is obvious by studying the broadband shape of the
curves shown in Figure 2 that it would not be possible to irradiate and take advantage of
wavelength matching any of the micro-peaks or micro-troughs that may be
characteristic of a certain food product. Similar to McCarter, they totally fail to teach a



evident even within I ess than 100 nm of wavelength. It is apparent that
those small features were not neaningful to Kimand cohorts because the
graph thawvoizeiwtezen has very little resolution or detai lPCTIUS2018/024388 ous by
studyi ng the broadband shape of the curves shown in Figure 2 that it would
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advant aogPE QG IAICFRRSR Sooking that is being done in the oven as a result of the
structural re-radiation. This teaches directly away from the current invention which has
the ability to turn on and off instantly and warm-up time has virtually no effect on the
quality of the cooking. Farkas continues to teach what has been known for many years
but just in a differently configured oven arrangement. Farkas, like the others mentioned
earlier, fails to teach any of the advantages that would be gained from the present
invention that incorporates digital narrowband sources to take advantage of the micro-
peaks and micro-valleys in the high-resolution absorption curves to optimize the desired
heating or cooking. They also fail to teach the additional speed of cooking that is
possible by using direct narrowband irradiation that is properly matched to the target
and cooking duties.
[0010]  Various other patents teach novel ways of controlling or turning the traditional
analog broadband sources up or down or changing their distance from the cooking
target. Donald Pettibone and cohorts with their U.S. Patent No. 5,883,362 is an example
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and mcro-valleys in the high-resolution absorption curves to optim ze the
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appl i cpériferngande0015] Anot her object of this invention is to provide an IR
heatin siitem capabl e of being driven in a pulsed node;, said pul sed node
bei ng 98I c uAsiothersebiedpfithispnyentinmis toronewigie an IR dwatingysters having IR e
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refl ecfo%r‘mfl eﬁ%tthsér object of this invention is to provide a thermal 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 cooking
applications.

[0015]  Another object of this invention is 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 food items as they are transported during the cooking process or to facilitate
synchronous tracking of the food items.

[0016] Another object of this invention is to provide IR heating elements that are
more directable via metalized reflector elements.

[0017]  Another object of this invention is to provide an IR heating system capable of
working in conjunction with a food temperature measurement system to provide food-
specific IR heating capability.

[0018]  Another object of this invention is to provide IR heating elements that are
fabricated as arrays of direct current-to-photon IR semiconductor based emitters or
radiance emitting diodes (REDs).



[0017] Another object of this invention is to provide an IR heating system
capabl e of working in conjunction with a food tenperature neasurenent
syst em t owprow/e2sfi oodspeci fic IR heating capability. [®0T&]S20M002d388 o0bj ect
of this invention is to provide IR heating elenments that are fabricated as
arrays of direct current-to-photon IR sem conductor based emtters or
radi ance emtting diodes (REDs).[0019] Yet another advantage of this
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to produce powerful, thermal infrared radiation and to be highly
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of a nwaeelength‘tbmdfsr gy efficient nethodol ogy for injecting heat energy
conpar and sources. [0023] Yet another object of this
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sources.

[0023] Yet another object of this invention is 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 wavelength selective infrared radiation in combination with the
programmability and pulsing capability.

[0024] Yet another advantage of this invention is the ability to facilitate extremely fast
high intensity burst pulses with much higher instantaneous intensity than steady state
intensity. Pulsing can also facilitate a higher energy instantaneous optical impulse which
can achieve a greater level of penetration depth which may be important for some
applications.

[0025] Yet another advantage of the invention is that it can be modularly scaled as
required with the narrowband semiconductor-based devices to incorporate whatever
number of devices may need to be arrayed together to provide the necessary power,
size, configuration, geometry, wavelength combinations, or other aspects dictated by
the engineering for a particular application.  Arrays of these devices may include
dozens hundreds or thousands of them as required to meet the specific application.



[ 0025] Yet another advantage of the invention is that it can be nodularly
scaled as required with the narrowband sem conduct or - based devices to

i ncor por awe 2ofvatoezeer nunber of devices nmay need to be aPcaysdoiogasher to
provi de the necessary power, size, configuration, geonetry, wavel ength
conbi nati ons, or other aspects dictated by the engineering for a particular
application. Arrays of these devices may include dozens hundreds or

th f ired t t.th i fic application.[0026] . Yet
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[ 0028] Yet anot her advantage of the invention is that the RED devices can

be packstéy af theidigitad sagiowpang saraicandegtpedeyiges andreansierre®to @ praferpeter
| evel s e .actically attainable. [0029] In one
aspectIO%P&%%gﬁﬁp@e@gkﬁ/ghg%s%rpgg%%gggﬁ%?ﬁmnts, the system conprises an

i rradi [3028) zofet amdthembaideantagboof thé dnvarttionbss testathed RED ddvidedashnope of
direct or indirect irradiation, a structure for hol ding directional

i r r adi BRFKSI9eGLD igh density fRuvield solid staie athesmal B @ unisrpawast levels that baveit i on
from Fﬁéreitéfb?éj{]&tﬁééh &%ﬁi@ﬁﬁ%iﬁé&ﬁl@?r directly or indirectly inpact the
owband,

food item at |east one nar sem - conduct or-based radi ation emtting
devi ce[0828] at ilv ene@speteaftthe @rgsentiytdescribed embmaémentst the dpstemajomprieat | on,
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being sel ected based on an irradiatidn output wavel ength that™ matches an
absor piriagiatiomazans sudhsthiat thef iradidtieastororbe firoadiatiore devisadanaithendiretths pst em
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allow viewing of the irradiation zone w thout
radiation, the at least one narrowband, semi-conductor-based radiation emitting device
being a digital device such that it has a very narrow range of voltage change at its turn-
on threshold, and the at least one narrowband device being selected based on an
irradiation output wavelength that matches an absorption characteristic of at least one
food item, and, a control system which at least supplies electrical current to operate the
narrowband irradiation devices.
[0030] In another aspect of the presently described embodiments, the system further
comprises a viewing window positioned to allow viewing of the irradiation zone without
passing the irradiation output wavelength.
[0031] In another aspect of the presently described embodiments, the system further
comprises a shutter system to selectively turn off radiation during viewing.
[0032] In another aspect of the presently described embodiments, the system further
comprises at least one door operative to contain the irradiation output wavelength in the
system.



passing the irradiati on output wavel ength. [0031] In another aspect of the
presently described enbodi nents, the systemfurther conprises a shutter
system t oweebsxmrasel y turn of f radi ati on during vi ew ngPCraB3@p/okéa3@anot her
aspect of the presently described enbodi ments, the system further conprises
at | east one door operative to contain the irradiation output wavelength in
the system [0033] In another aspect of the presently described enbodi nents,
t he syst further conprises sensors ratjve to sense sitiogn o he
food ) R ' [ B0 3aptren et he dpessntbiodstabsd sdhafeaibars pugem furhr
enbodi EERApfsed %s%?@%ﬁéﬁatﬁ@%%bﬁ@e%o%ﬁﬁro@tﬁé‘ﬁiooei?éiﬁf.s the position of the
food item type of food, and size of the food item [0035] In another
aspect [09834] he Ipraxdher yaspesicof bibe  prasedilyedescribede eovodimeints, dnei sénsared
caner a, 036]. I.n_anot her aspect of the present describ enmbodi nent s,
ot put (AT PYRG st BACIAL SpBSEF e BesliphioRaf Fad et 30e. o foadhABR 551 6Ba7)

I n anofeehod@steaet of the presently descri bed enbodi nents, the system
further conprises a conveyor systemto transport the food itens into the

i rradi 0381 zdmenofreuzsperhokiis: pesealy descrifed ambpdinsents] thedearoeiebisdan
enbodimg}gd Cé,la?rasystemfurther conpri ses sensors operative to sense at

| east one aspect dbout the food itemat |east one of before, during, or

after [0036] rr adiaidtieer aspedtask tistjreseritly des@iddd eibddiBeaRNGulgut bPGIP] 1 n
anot her aspect of the presently described enbodi nents, the sensors conprise

a canePeNINGis Yadkstodqisanineshstatysef entaigaentand size of the food item
0040 f ' . di t {

s an 100787 o ol R SRball e pRESIRIN.deeciBal Sy FERS M Ristermt RNEF T og

errFodi campesed beogvi%c?a?steumm Eapsvmrt tre fbefdmen@s't Mﬂ@théifhlraﬁmdi‘enctrmgez s,

col or, _Qr size. n a er aspect of the presen escri be

enbodi W@ﬁ@i, | S’P]ékﬁgﬁé\%aﬁtoo the aupsarRascubed Spnbslives's, (RS REStPBLbither
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y descri bed enb the

[ 0043] In anot her aspect of the present odi nent s,
nar r owbag df before, during, or after the irradiation and take action as a result of the sensing.

[0039] In another aspect of the presently described embodiments, the sensors
comprise a camera that senses position, type of food, and size of the food item.

[0040] In another aspect of the presently described embodiments, the camera is an
infrared camera.

[0041] In another aspect of the presently described embodiments, the at least one
aspect is temperature, surface dryness, color, or size.

[0042] In another aspect of the presently described embodiments, the narrowband
irradiation device produces its narrowband irradiation in the near infra-red range
somewhere between 700nm and 1200nm.

[0043] In another aspect of the presently described embodiments, the narrowband
irradiation device produces at least one narrowband irradiation band in the mid infra-red
range between 1200nm and 3500nm.

[0044] In another aspect of the presently described embodiments, the narrowband
irradiation device produces at least one narrowband irradiation band in the visible light
range.

[0045] In another aspect of the presently described embodiments, the narrowband

irradiation device produces at least one narrowband irradiation band above 3500 nm.
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i rradi ati on device produces at | east one narrowband irradiation band in the
md infra-red range between 1200nm and 3500nm [0044] In another aspect of
the presewol2grodeswoni bed enbodi nents, the narrowband irr adiratseen/0o@ss ce
produces at |east one narrowband irradiation band in the visible |ight
range. [0045] In another aspect of the presently described enmbodinents, the
narrowband irradi ation device produces at | east one narrowband irradiation

D 0046J h t of th . tly d i bed
o ey 08 SEMSCIE AR AREI I Gopsel oL e preen 1 deser el
em tti Aarr@RMhLRE %ﬂ%@ﬁcﬂ&%a@é&ﬁ%ﬂ%@ﬂ é@ft@fﬁq AeVRB Blodtitls Hisf F]Er{rﬁg@a?%e

narrowband irradi ati on wavel engths each o ch 1's chosen such

wavel egdiation atwe differdrd aranavdranchiaregdiztioni wavalengthareahtafoiipiah evlsl chesget

whi ch e.irradiated. [0047] In another aspect of the present

descring%’ B}%éia? M@yp&gnqtmbéﬁg% phi 05&%%?%?9 1?{5% Og@”t?fg'cl'%ﬁgit?@r% are
di f f er@hlchahay be iggdiagsd.of each of the two wavel engths. [0048] In anot her

aspect of the presently described enbodi ments, the systemfurther conprises
br oad bE}47l r r daiianothey asreatirefstheopesestly etascribey embodiaents, ftbe afsikption t he

the. pr SEBRERAE o e el iR RS, RER st inortel o ZeeRol BRome

conpriwavelengast one of quartz |ayers, sensitive heating el ements and
m crowave el enents. [0050] In another aspect of the presently described
enbodi . imangther aspastef the nresantividgscribgd iembadimentsn thexaysiemdivethef

whi ch } ; f ' i ave. 0 05 In
anot he(?&g géé(%:gtlvbo agwp?’%gleéﬁﬁ%yg%ﬁnrt?t;%gme n%lgglﬁ\rléﬁtas&“/%%gj go;}goeo%?% #%ﬁi ses
a cookiood itEmairbaddition ko racowbandhettiogy t o safely contain irradi ated energy

th i thin and into which ood itemcan be |ocated for at | east one of
di ?Iagt m&f‘gﬁ ndﬁl &p%??rr agpedt i<§nt, eapresenily desciibpd gmhadigentsathe Lrpgdband

encl osjidi ' ot A8kt j ' | ' I Akl

dovi conidg SeRient PSS atAesst e OFLRmER el iRk, AR dbbiies,

i rradi and oncrowaiveedervantsat | east one of directly or indirectly inpact the
[0050] In another aspect of the presently described embodiments, the system uses

at least two (2) irradiation bands, one of which is below 1400 nm and the other of which
is above 1400 nm.

[0051] In another aspect of the presently described embodiments, the system
comprises a cooking chamber with a configuration to safely contain irradiated energy
there within and into which a food item can be located for at least one of direct or
indirect irradiation, a structure for at least partially enclosing the cooking chamber and
for holding directional irradiation devices proximate to the cooking zone such that the
irradiation from the irradiation devices can at least one of directly or indirectly impact the
food item, at least one narrowband, semi-conductor-based, emitting device, the at least
one narrowband, semi-conductor-based emitting device being chosen such that the
wavelength of its irradiation output matches at least one absorption characteristic at that
wavelength of at least one of the target food items, and, a control system for supplying
at least the electrical current to digitally control the narrowband irradiation devices to
provide the irradiation output in the chamber based on at least one of user interface
settings, sensor output, or a determination that the chamber is active and safely
containing the irradiated energy.
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food item at |east one narrowband, sem -conductor-based, emtting device,
the at | east one narrowband, sem -conductor-based emtting device being
chosen suwb 20tvan2zehe wavel ength of its irradi ati on out peCcTnstakmsc4ds | east
one absorption characteristic at that wavel ength of at | east one of the
target food itens, and, a control systemfor supplying at |east the
electrical current to digitally control the narrowband irradiation devices

t i the i di ati t inth h b d t | t f
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aspect of the presently described enbodi nents, the systemtfurther conprises
a vi enwpagsing Hutoiwagtioni autipdt wavedéhgtiv. vi ewi ng of the irradiation zone

ith [ the | diat, t th. [.005 I th t
of 't nelogB3T e, i shibes AeBEe R BB arsaattl dE08] Erbindiaenie NS SO g
shut t egorfpAé@Na CAUBE! SBteMab Selddkilel9ftlir G tRliatth duWind\dieWiyv ng. [0054] In

anot her aspect of the presently descCribed enbodi ments, the System further
conpr i K954} ¢ dmanaihers pspeeh ob the apregently tdescribed émbediments) t the system

ermadi ETEC, OffHteeySy St R 17 TEEEbod 1ob BB ISR it 5 TeadBfon

| east agree.aspect about the food item at | east one of before, during, or
after the irradiation and take action as a result of the sensing. [0056] In

anot hel0038hectn Anather gspaenef hecrresenidy dessabedesmbodimantsenther systenpri se

i QR f i food i
[0057] 1o R REPeE SeRs dotpauel@oedtie: & eax i, Btp 1 abab e 08 TR e
i s an least anedfomferey.dUri@58) dfterahetihadiationearid tdke: hetiant asentrésuldes eid bed

enbodi nents, the at | east one aspect is tenperature, surface dryness,
col or,SgIG-ze. [0059] In another aspect of the presently described

erooc ORSEL., ShenTmacusaud of Kl ALLONy BUSRAY SERIILG TIE AR
[ 0060] campasmalvamens pleattsemises peositipastypelof foed aridosize efrthedioodritesn. t he
nart O%%%q] In another aspect of the presently described embodiments, the camera is an
infrared camera.
[0058] In another aspect of the presently described embodiments, the at least one
aspect is temperature, surface dryness, color, or size.
[0059] In another aspect of the presently described embodiments, the narrowband
irradiation device produces its narrowband irradiation in the near infra-red range
somewhere between 700nm and 1200nm.
[0060] In another aspect of the presently described embodiments, the narrowband
irradiation device produces at least one narrowband irradiation band in the mid infra-red
range between 1200nm and 3500nm.
[0061] In another aspect of the presently described embodiments, the narrowband
irradiation device produces at least one narrowband irradiation band in the visible light
range.
[0062] In another aspect of the presently described embodiments, the narrowband
irradiation device produces at least one narrowband irradiation band above 3500 nm.
[0063] In another aspect of the presently described embodiments, the at least one

narrowband semi-conductor-based radiation emitting device produces its narrowband
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i rradi ati on device produces at | east one narrowband irradiation band in the
md infra-red range between 1200nm and 3500nm [0061] In another aspect of
t he presewDi2g10d@smni bed enbodi nents, the narrowband i rr a&diratSean/ockess ce
produces at | east one narrowband irradiation band in the visible |ight
range. [0062] In another aspect of the presently described enbodi nents, the
narrowband irradi ation device produces at | east one narrowband irradiation

band ab 3500 [.006 I t h ) t of t tly. i bed
ebod HEHAN, HeWa JEEN N WhAndd s RIo B e shalie o uioR 38 AOTSh
em ttifeHigat ¢t WREIERE Mached bavbAtidrAchaab@Misht of WR ShtldRit8dtarget

narrowband irradi ati on wavel engths each of which is chosen such that “the
wavel ewbich may badgadiatethsor pti on characteristic of an anticipated target

whi ch e irradi,at ed, 0 I n_anot.her aspec¢t of t.he present| .
oscrs 0640 i RIR Ssnact il el PredRtN SesBRBES @rftadiBRnl, SPELARSAPLR. v e
di f f er gidrasteribies GFNtRY fOdd eigsiis Ohre! ligfdrsnt R VIeeRBhReT. of ARRhSbf Itheafidd her
aspect of the presently described enbodi nents, the system further conprises

br oadbWAYelpPgd§i ati ng el ements to be selectively activated for cooking the

e pr (888 I, HiG0bl R A5Be R R ARGl R et SR Bafy R i @FER el
conpr i s@mptisés bsdadbaadoiradistingz eleaysts to e sklact el eadtivagdefar nesdikeng sk

m crowave el epent s, I%0067] I n anot her aspect of the presently descri bed
enbodi ieAtitem ihaddifien nagewband heghdt wo (2) irradiation bands, one of

whi ch r'ro%aaﬁg' Oth HHothdmuanset [ diang! Bitkefifly Hesehvdd Re@ﬁ@éoﬁmt%ﬁfe%‘? tRE brbddfg | 1

anot he spect the preesently descri control "system
conpr i israsliadingoelemegts gempnise @ leastvand of quaitz Hyersserisitiver lnenting. elpfdedd | n
anot herré(gs ect of eihe E#esently descri bed enbodi nents, the system further
conpri ¥ CTRYEVFIRATPBIP- syst em operative to alert a user of a cooking or

Y modtIEePL U I RRTR) Aibeste) I pRsenny kchis ASEMLNSIRE SRR nes
cl ear ateasiowo (29 ircadiatien behdatonecakwhichds below 1400 nm and the other of which
is above 1400 nm.
[0068] In another aspect of the presently described embodiments, the control system
comprises a cooling system operative to cool system electronics.
[0069] In another aspect of the presently described embodiments, the system further
comprises a notification system operative to alert a user of a cooking or system status.
[0070] In another aspect of the presently described embodiments, the system further
comprises a ventilation system operative to clear the cooling chamber of at least one of
humidity, fumes or vapor.
[0071] In another aspect of the presently described embodiments, the ventilation
system comprises a fan or a catalyst.
[0072] In another aspect of the presently described embodiments, the method
comprises introducing at least one target food item into the irradiation zone and
positioning it such that it can be either directly or indirectly irradiated by the radiation
emitting devices, safely containing the irradiation zone, emitting directional radiation
from at least one digital narrowband, semi-conductor-based irradiation device during

periods when the irradiation zone is safely contained, and, irradiating the at least one
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hum dity, funmes or vapor. [0071] In another aspect of the presently

descri bed enbodi nents, the ventilation systemconprises a fan or a

cat al yst .wpQOit2io2dem anot her aspect of the presently desecirhsdoiendads nent s,
the nethod conprises introducing at | east one target food iteminto the

i rradi ati on zone and positioning it such that it can be either directly or
indirectly irradiated by the radiation emtting devices, safely containing

the ir i ation.zone, 1 LLin irectjonal . radi ation fr at | east ope
i gi t ol REBORARGE JeRT i ot St Weid i G el anr AleprBlYe os
when t bigariattetidtieof Bk a088st shesargdtid Fo6d RemetLirind e driittafy. at i ng the at
| east onefood itemwith at | east one narrowband wavel ength whi ch mat ches an

absor pld078] chdp &pptharaspechbel trarasentbudesasibediempedisiertadbeiitradiatiogitihey t he

he i rAasest PHe fodd Aol n SRR v S 1B ETG lobo R A R rRRA A Fi et
one f odidedtiopremiitijy.f unction of the direction emtting. [0074] |n another

aspect _of the presently descrjbed enbodi ments, the method further conprises
i rradi m@ anh @nethsraspectefdhe peesastly seseribgd pmbediraentss theemethashiarthend

item. &%éﬁieé I?ra?ﬂ'é’t?r@leén & i tgtfadP @se@é&%@ ol Yr eﬁ%?ét?@%t%%%&%%%j the

emtting conprises pulsing t east one Irradiation devi ce. I n
anot hef00$Spectin odndther @spsentof ythée prasehdy ésduvibedeambodirhents; theasmittme

narr owband wavel en ttg c? ri ses _t\/\g, wavel engt h bands sel ect ed based on

subst afeTAMNPES HP‘FF& fe@ i%sﬁﬁpﬁ?i'%ﬁ igHa d8VIEFi stics at each center of the
I b 7 '

wavel efuizig] band anokiiHddpdch o i 'gfééﬁgg\e;ﬂéﬁfsc%eﬂr%n@écﬁﬁ%’?ﬁé,%hgea‘%%éﬁe%e "

enbodi ments, centers of the sele engt ands are separate
| east nagowhand 0OESElangttancomerisespbwe whaveleagph ebands yselestedi beased on

enbodi gent,s. .. the | east one naryrowband,.wavel engt h achi eyes dee

penet rgﬁﬁ’%ﬁnﬁ'q@odﬁ%@e@ o@hs?rtpgﬂp thrag e”ﬁHCSdrﬂ?t ﬁ@&‘ a%%ﬁ,%“t ngt h(‘@’agfa@é‘@m ly
descri pgsdenbodi nents, the at | east one narrowband wavel ength achi eves
surface heating of the food item [0080] In another aspect of the presently

descri Bd 7énbdaianainer, asprctaf theaptesenty rtascibpd rembrdiatentst ¢endersi of 8 deep
penet r alib o 4 aldiéndtR BEnkE &M Wb BAd BG 3t 13t Y56 nm.

[0078] In another aspect of the presently described embodiments, the at least one
narrowband wavelength achieves deep penetration into the food item. |

[0079] In another aspect of the presently described embodiments, the at least one
narrowband wavelength achieves surface heating of the food item.

[0080] In another aspect of the presently described embodiments, the at least one
narrowband wavelength achieves deep penetration of the food item without heating the
surface of the food item.

[0081] In another aspect of the presently described embodiments, the method further
comprises irradiating the at least one food item using a broadband source.

[0082] In another aspect of the presently described embodiments, the irradiating
achieves both deep penetration of the food item and surface browning of the food item.
[0083] In another aspect of the presently described embodiments, the method
comprises arranging for a food item to be cooked, cured, or dried to be in an irradiation
zone which is proximate to at least one narrowband, semi-conductor band radiation
emitter, irradiating the food item for a period of time from the at least one digital

narrowband, semi-conductor-based radiation emitter device at a wavelength which
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surface of the food item [0081] In another aspect of the presently

descri bed enbodi nents, the nethod further conprises irradiating the at

| east onewbceony/iot®mm usi ng a broadband source. [0082] | nramatshew/oasipect of
the presently described enbodi ments, the irradiating achi eves both deep
penetration of the food item and surface browning of the food item [0083]
I n anot her aspect of the presently described enbodi nents, the nethod
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period of tine fromthe at lNeast one digital narro
sen - conelat belorgaiing: adpbier ihe iratliation andtakiagactian esvee resulitdi the sensing.

whi ch f d,ab ti h teristj t food it
at ¢ naDUEATer IR cuetng BsBeEl o e REFRUT dPsian) A B BeRs jeaaaedt
one asp&@prisds trARsEcraRg ithe B ittmagto Q'l%oanfgb@fé?ﬁl?er, dehsing.a gésiﬂéﬁ oF thde
i rradi ati on and t aki nqulactlon as a result of the sensing. [0084] In another

aspect fogr itafe agitee éend fiernds heing:traesnaytidriain the corking chambenratesting thatf
the. T ogf TRt s e AR Rificd SRR T Ppu iRl B83leeghe”

chanbeclpsidgt thet togkitd athahtieerf oodafielye Bbhtin Rodtetds iofeflePSsdrhben sepeiiy Be t he
transporting based on the detecting, closing the cooking chanber to safely
cont ai WP&‘HWgeﬁﬁp@C& ok the fordiissn, delemaining 8copking: patirsn Dasedian te sensingod
item VY | : S§ ; i t nd
based ooty B 2a208 U odithy TehaiBREC, Radalg HCioRE. M B O i g
pat t er codkimg epaitern ofdr cd perivel of dimat fromasat least dhgi digitanaarrowdand, seefi
conductor:based radi ation em tter device at a wave| ength which corresponds
to a p?%déizfggt’%sﬁgofﬁ'?téﬂf‘ c?r'i‘éﬂhﬁﬁtqﬁ"’i‘cﬁ iag %fW@\f?ée'?QiEdW {cBreafrespepds to a

wavel epgfétred RBRbATIOhNEnSaetErRbc TamRe oo’ ' “BS) '
i rradi g't%?‘ng, and, ﬂ?r ansporti rrllg (t:heatﬁgoé)oi tg‘?rnhoﬁ?m(%te\%gagﬁé hl’ n eghnagrrtt)rg:?.
BRI EF OES0R) PramkeOaftaHEoRINibNGS the idadiatinguaned, Transpartingaihle febdviieny oah
absorpti.on curve; . [0086] Figure 2 is a graph showi ng an absorption curve;
[0087](thI'—tﬁaL?lpgf(f':;.'giCstJa S 1 ustration of a narrow band emitti ng devi ce; [0088]
Figure 4 is an illustration of a narrow band emtting devi ce;

BRIEF DESCRIPTION OF THE DRAWINGS
[0085] Figure 1 is a graph showing an absorption curve;

[0086] Figure 2 is a graph showing an absorption curve;

[0087] Figure 3 is an illustration of a narrow band emitting device;

[0088] Figure 4 is an illustration of a narrow band emitting device;

[0089] Figure 5 is an illustration of a narrow band emitting device;

[0090] Figure 6 is an illustration of a narrow band emitting device;

[0091]  Figure 7 is an illustration of a narrow band emitting device;

[0092] Figure 8 is an illustration of a narrow band emitting device;

[0093] Figure 9 is an illustration of a narrow band emitting device;

[0094] Figure 10 is an illustration of an array of narrow band emitting devices;
[0095] Figure 11 is a graph showing an absorption curve;

[0096] Figure 12 is an illustration of an embodiment of the presently described
embodiments;
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[0089] Figure 5is an illustration of a narrow band em tting device; [0090]

Figure 6 is an illustration of a narrow band emitting device; [0091] Figure
7 is an iwbustwmpicon of a narrow band emtting device; [POOARpoIBIOgUBE 8 s
an illustration of a narrow band emtting device; [0093] Figure 9 is an

Il lustration of a narrow band em tting device; [0094] Figure 10 is an
illustration of an array of narrow band emtting devices; [0095] ::i gure 11
is a graph.,shqw n absorption. curye; [0Q96] Figure 12 is an i]Jlustration
of an LSRE; ndioligs 1318 a?e@%ﬁﬁqg?ndeim %aﬁv%’}msaﬁgﬁéﬁhe;sﬁr@égvﬁ'v rﬂ{etje%e 3is
an i | | ggbbairhémsof an enbodi ment of the presently described enbodi nents;
[0098] Figure 14 is an illustration of an enbodi nent of the presently
descr i K98} mbhddgurent 4 is[ anablistratipmr of B esmbwdimaph of Ithespresenity deseribed on
of "i ng&@gbgﬁ)‘gﬁt devi ces versus resistive heating devices; and, [00100]

Fi gure | ghart show ng absorption versus transm ssion. DETAILED
DESCRI [o0io@N [ ¢Gd@d] 13 hibSaI@r\\,%gﬂt iQ8tralirfs loperatRdrC OF elnstantSyst aBvices wHrsgst
injection of digital, narrowband wavel ength specific thermal-infrared (IR
ener gyrasitiyethesdisg sleyiceshandt arget itens for a range of heating, cooking,

rocesgj a r4 ' | Qns_ 1! | na. .t lous types of cooking
Brepargjtqigr% ap%%pfrqqgtag&?%# g@&é’% ,adﬁ%ﬁ%q{e\é&%ggrﬁég@és,s 9hdi vi dual reci pe
conponents, pizza, neat, seafood, poultry, vegetables, preprepared foods or
meal s, portions or conbinatiogns thereof, orvaari ous ot her he?t :]Ingh _
rocesses. The purpose for p | I on may include heating,
Pai Si N 1[RITHi! @ﬁ\%tfoﬂedfs%@%ﬁl;@t%fv@rsma fs9§’t‘e1,n9rfoptoﬂ%¥ct ihiE0Fort %fcgigﬁﬁ
cooki ng, baking, frying, prooring, royv_ni ng, War n ng, .errﬁen i'ng, cdring,
and dr gamgwbasd weavelersgtht sigecifie atherord-infraretiVER) iendring intan dcaist and ngther
preparation.of foods or other products. The invention is especially.
appl i cEB9 {EMSpiTafi BHWS it heRANG: r eoqkingsi PYocsERiBg; andr GHilpg eapplications
| pl emphafi the fvaiiodst §hes &F ¢ ﬁlr\b/l 8pal2fid anfdri gread! phkpasat
speci ficall yg)sel _evgt]ed V\g\b% engtﬁ@ab Cﬁ\{(/aéa’%? ﬁgﬁ;@{@%& puIrS| ng, %r S
i nj ect Pagkages, indilidual re¢cipe eompanestsy\pizZehinseat, seafood, poultry, vegetables, pre-

prepared foods or meals, portions or combinations thereof, or various other heating

processes. The purpose for practicing this invention may include heating, raising or
maintaining the temperature of food or other items to cause cooking, baking, frying,
proofing, browning, warming, fermenting, curing, and drying, as well as other reactions
involved in the manufacturing or preparation of foods or other products. The invention is
especially applicable to operations that require or will benefit from the implementation of
digital semi-conductor based narrowband irradiation at specifically selected
wavelengths by way of directing, pulsing, or injecting the radiant photonic energy. This
new system is particularly advantageous when an application requires at least one of
high-speed, high performance, high selectivity, or high energy efficiency which may vary
as the invention is applied to different applications.

[00102] With respect to narrowband radiation, the benefits of providing wavelength
specific irradiation can be illustrated by looking at a hypothetical radiant heating
example. Assume that a material which is generally transparent to electromagnetic
radiation from the visible range through the mid-infrared range requires process heating
to support some manufacturing operation. The examples described above are

representative of how the presently described embodiments might be most
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new systemis particul arly advantageous when an application requires at

| east one of high-speed, high perfornmance, high selectivity, or high energy
ef fici encyowhiwct2zemy vary as the invention is applied tecuiusteosnddss
applications. [00102] Wth respect to narrowband radiation, the benefits of
provi di ng wavel ength specific irradiation can be illustrated by | ooking at
a hypot hetical radiant heating exanple. Assune that a material which is
general Ly tran rent el ec etic ign from¢the visible range
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[00103]. This invention is directly related to a novel and new approach to
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J i t tin
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advancpmcessiagm conduct or processing technol ogy have resulted in the

avai l api lit ?f_ direct el ectron-to-photon solid-state emtters that operate
int hgﬁ’&éﬁﬁaﬁ igego nﬁﬁe'daﬁ%@arwt AAVBNGES Iarsamicandecior Braseseingtaeoleay i d
state | S Qi Laht~ e b td ng. di.ades.

oni'y t ey SESABRETE e NBINRYof BreRTBREIbh Dot B ol fu Bl Pht 1
| ongeroperate imtheggeredralmeaninfrared aredmidinflaesd) tarsgesSaB@mefoftthesd solkt state

i ch SIPeS BPRUR ARSI, 0 FBITEE, e e ARl ECIR) 000 ' U5t er s
whi Ch &aie,iebRYRIH: Skt WHRR RS, 1iflal #RT Gy &t 98 '|<ﬂqg°érgar¥é°ar4ﬁffér%%saﬁa pybel ng

produced whi ch could function as rect efectron to photon converters whose
out put infrargsk wayelemgitisc h Somea ot the dirstroft theseitdai bécame davailablecraprésdrd rah

I A I Y e

descr i thesugts tHerBhaRes WHich adivat praderiat Gddibidli skt RS solid Reatdeydh&ss have

the prf?gr%rt;e%g Lro%ractéglv\r/]r%ch could function as direct electron to photon converters whose
output is pseudo-monochromatic and in the mid-infrared wavelength band.
[00105] 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 electromagnetic energy in a tightly limited wavelength range. Furthermore,
through proper semiconductor processing operations, REDs can be tuned to emit at
specific wavelengths that are most advantageous to a particular radiant treatment
application by matching the target's absorption spectrum accordingly.
[00106] In addition, innovations in RED technology related to the formation of a doped
planar region in contact with an oppositely doped region formed as a randomly
distributed array of small areas of material or quantum dots for generating photons in
the targeted IR range and potentially beyond has evolved. This method of fabrication,
or others such as the development of novel semiconductor compounds, adequately

applied would yield suitable pseudo-monochromatic, solid-state mid-infrared emitters for
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radi ant el ectromagnetic energy in a tightly limted wavel ength range.

Furt hernore, through proper sem conductor processing operations, REDs can
be tuned wo2emt2ml specifi c wavel engths that are nost adrarst@geeussto a
particul ar radi ant treatment application by matching the target's
absorption spectrum accordingly. [00106] In addition, innovations in RED
technology related to the formation of a doped pl anar region in cont act
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in photovoltaic cells that convert electromagnefic radiation

el ect rineprppratee decein dyireteresem al so be

[00108] According to this "Quantum Dot Semiconductor Device" application,
semiconductor devices are known in the art. They are employed in photovoltaic cells
that convert electromagnetic radiation to electricity. These devices can also be
employed as light emitting diodes (LEDs), which convert electrical energy into
electromagnetic 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 a manner such that it can meet that desired bandgap
range or wavelength range.

[00109] The ability to achieve a particular wavelength of emission or electron volt of
energy is not trivial. Indeed, the semiconductor is limited by the selection of particular
materials, their energy gap, their lattice constant, and their inherent emission
capabilities. One technique that has been employed to tailor the semiconductor device
is to employ binary or tertiary compounds. By varying the compositional characteristics

of the device, technologically useful devices have been engineered.
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enpl oyed as light emtting diodes (LEDs), which convert electrical energy
into el ectronmagnetic radiation (e.g., light). For npbst sem conduct or

appl i cat iwoo1caoemsi r ed bandgap (el ectron volts) or a desTrsdomaraBgngt h
(mcrons) is targeted, and the sem conductor is prepared in a manner such
that it can neet that desired bandgap range or wavel ength range. [00109]
The ability to achieve a particular wavel ength of em ssion or electron volt
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Iattlce msmatchl ng between an Inx Ga-I _xAs substrate and an I nAs qua tum

dot cabetaeenonnr b Gad s aubstrateg ahbearh aual @iaritdh B61 sahhbe ddmtrolley - |
_XAs substrate. As the anpunt of indiumw thin the Inx Ga-1 _XxAs substrate

i s i ncalteringpithet leweldefjindinofwithiis tiee riiGay i As debstateedAs ahd aneuntofahdingt h
associated with photon em ssion is increased (i.e., the energy gap is
decr eawihip. thBrIlgém -xA§i Sufsiatanis inicerasede tha Hegrearofi mismetsking nis deeremsednt  of

indiumw,thin the substrate from about 10%to about 20% can i ncrease the
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prov
within the substrate from about 10% to about 20% can increase the wavelength of the

associated photon from about 1.1 um to about 1.3 um.
[00111] 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 to increase the amount of indium within an InyGaq.xAs

substrate is limited. In other words, as the level of indium is increased above 20%,
30%, or even 40%, the degree of imperfections or defects within crystal structure
become limiting. This is especially true where the InyGa.xAs substrate is deposited on
a gallium arsenide (GaAs) substrate or wafer. Accordingly, devices that emit or absorb
photons of longer wavelength (lower energy gap) cannot be achieved by employing the
technology disclosed in U.S. Patent No. 6,507,042.

[00112] Accordingly, inasmuch as it would be desirable to have semiconductor
devices that emit or absorb photons of wavelength longer than 1.3 pm, there remains a

need for a semiconductor device of this nature.
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useful in providing devices that can emt or absorb photons having a

wavel ength of about 1.3 nm the ability to increase the anount of indium
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00115 uct.qr . gevi ces u guantum dot | ayer i ncl udi ng
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the | a tan
1.8%, in other embodiments at least 1.9%, in other embodiments at least 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 less than 2.2%. In one or more embodiments, the lattice constant
of the InyGa4_xAs matrix cladding is less than the lattice constant of the dots.

[00116] In those embodiments where the dots are located on an InyGaq.4As cladding

matrix, the molar concentration of indium (i.e., x) within this cladding matrix 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 optionally from about 0.67 to about 0.70.

[00117] In one or more embodiments, the InyGaq.xAs cladding matrix is located on
an indium phosphorous arsenide (InP1_yAsy) layer that is lattice matched to the
InyGaq-xAs cladding matrix. In one or more embodiments, the InP4.yAsy layer onto
which the InyGaq_xAs cladding is deposited is a one of a plurality of graded (continuous

or discrete) InP1.yAsy layers that exist between the InyGaq.yAs cladding and the
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of the Inx Ga-1 _xAs matrix cladding is less than the lattice constant of
the dots. [00116] In those enbodi nents where the dots are | ocated on an | nx
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within this cladding matri x | ayer 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
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3, as well as the other figures, are schematic reprean ations and are not
dr awn each taykee oncompoespeor with relpectiio the eslativod treclaiesk ay @imensionietweat , or

W th rgsa_\eét tao the rel %tei ve thickness or dinmension between each | ayer
conpar SE¢V EYET CPHBPRIeBevi ce 1000 i ncl udes substrate 1020, opti onal

conducfgoan gl ayssvidd 2600 mdifiGss stibsteatd" f2b03RtioRhIBEHARIbAY S er - bR dot

| ayer 1050. As those skilled in the art appreciate, some sem conductor
devi cestrggreatl 038y clagdingr tayag 1818candcdat layer 4A50+t cAslthese skilgddnitbe art

di at | ' di at i | i cal . ._The abj|i
to contarca € bRatnalendfishf defiiorteblde it cafidcsibtipahireRbie
devi ceslectokagwetic RadibBoriok .elddiiginaisticosidiRioR0®SelBelricAEE@SSR! | The AblIRY

t hese conventional designs, nmany of which are known in the art of _
manuf al® eANtIR) elactgsaagnetic jadiatip on glratiigal gevesbwithindbese feviges isknown in

of 1 niELpt LR ElGu ddeE ABPAL AESal T BERE BN ORAT dosidie dhahiithen s
gr eat ewhichaare 3@0wni iortbe art afrmanufactuhiey o2 desinirnséemipoadtietor HBweesS50
m cr on@mﬁwanta eouséa/qi th? t hi ckneis may be less than 700 mcrons, in

ot her mim 05€| erekoqiment, swisirate $0R0 camarises midiep RhesehidedR). | eBke t han
500 m fikdess 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 600 microns, and in other embodiments less than 500 microns.
[00121] 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 indium phosphide layer may be from about 10 nm to about 1
micron.

[00122] In one embodiment, optional conduction layer 1025 comprises indium gallium
arsenide (InyGaq.xAs). The molar concentration of indium (i.e., x) within this layer may
be from about 0.51 to about 0.55, optionally from about 0.52 to about 0.54, and
optionally from about 0.53 to about 0.535. In one or more embodiments, conduction
layer 1025 is lattice matched to the InP substrate.

[00123] Conduction layer 1025 may be doped to a given value and of an appropriate

thickness in order to provide sufficient electrical conductivity for a given device. In one
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[00121] In one or nore enbodi nents, the sem conductor devices envisioned
may optionally include an epitaxially grown |ayer of indium phosphide
(I'nP). Theotzhicckemss of this epitaxially grown indi um plrosaisede/obager nay
be fromabout 10 nmto about 1 mcron. [00122] In one enbodi nent, optional
conduction | ayer 1025 conpri ses indi um gallium arsenide (Inx Ga-1 _XxAs).
The nol ar concentrati on of i ndi um (i e., X) wwthin this layer may be from

b 51 5, f t 52 t bout 0. 54, and
oot ol ot shitstimens sasr iidest mayaBe amoasoRt Ol angris, & bl 2
Conduchl%nb%ﬁonlla@g%dﬁabéutt(b 9%%?&?{6%&& 1trlﬂﬁzr+ﬁ‘P substrate. [001 23]

Conducti on | ayer 5 may be doped to a given value and of an appropriate
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| east four, and optionally at least five InP-|.yAsy layers, with the
latti c@y@meteaposmdm@h&hrtheair@m substmsmmg()ad:arrm(alnw&r andéne depiotéd IMET).
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structure 1030 is adjacent to substrate and the top planer sur ace
1039 ofdjggentio subsikate1620030d itke af) aka@ar suda@@ﬂﬂﬁarof lbayfer strQgiire TH&O is

h 2 d
the 1 apdreantSvaar BEEPHfia0 oG afics sols PP Bl e Torer! d erigdian o4,
[ 00125firshdayidnaDa2s kintl ltiedl Idtiicd Benstbint oM third agysrerd38 B, greBRrltRén ’sééor?d)[bifeﬁm
of the individual |ayers of buffer structure 1030 canh be increased

al teri h@34¢he conposition of the successive layers. In one or nore

enbodi foka t rat.i r U r.layers
s inc eaZ% |Ar%ete@§ﬁﬁteggééﬁ€§ Vz‘a’@ea:‘pe& &a@é}ﬁ%ﬁqtﬁ@&#p%@ﬁﬁé@&mgr ﬁ'é(;dé“rax 1032
may i nidyede oattmﬁfer(htﬂ.@mre “WBtcan. B8 inereased NHC hit@dtise otnddsiton o the
second buffer 1?34 may include about 0.22 to about 0.34 nolar

fracti SHCCESSIVE] '@%%d R RNELr more embodiments, the concentration of arsenic in the

lnP1_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 may 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 fraction arsenic.

[00126] 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. It 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 to the semiconductor. Techniques for using critical composition
grading in this fashion are known as described in U.S. Patent No. 6,482,672, which is
incorporated herein by reference.

[00127] in one or more embodiments, the thickness of first buffer iayer 1032 may be
from about 0.3 to about 1 micron. In one or more embodiments, the top buffer layer is

generally thicker to ensure complete relaxation of the lattice structure.
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buffer layer 1036 nay include about 0.34 to about 0.40 nolar fraction

arsenic. [00126] In one or nore enbodi nents, the increase in arsenic .

bet ween asipacmn2isuf f er | ayers (e.g., between | ayer 1032Caru$20iaped43d034) is

less than 0.17 molar fraction. It is believed that any defects formed

bet ween successive buffer layers, which nay result due to the change in

| attice constant resulting fromthe i ncrease in the arsenic content, wll

not be I erloustothe sem cond ct echni for using critical
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struct%l?%‘%q‘:gg%g In one or nore embodi nents, the individual buffer |ayer

at or eAaRo] h‘?n bﬁ@ &Qﬁ@re%m%&ﬁﬁén@tth\é%&'ﬁ/ %plggﬁénflggger o ﬁ%réégwttogp 36)
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| ayer QO%@P”I%D@}%E within de Sirdd bufferdeyeratecg., laysr 0aR)nis loss alnaner'iﬂcrrpﬂeasent
W t hi nfré& irst buffer layer (e.g., layer 1032) is less than 17 nole
fraction: F6[”00130] Cl addi ng | ayer 1040 conprises Inx Ga-1 _x As. In one or

nor e ejoiodd0reiBiaddindilaydral®40 bérr@i’@é@ﬂﬁ{@d% LAkt | FRoRBIHNAEre BriboRirhant] ane
| attice constant of the top buffer layer at or near the top 1039 of buffer

st r uct tiselayeB(s piEferabdy hatlicet matehethtoc thedinc@ibre dattioe Smmsmg g‘mhé &yp&lbaﬁbhat
are characterlze onst ant t hat e within 500 parts

mi |1 i oRYES A0r ne@fé@%w a@%ﬂﬁbaﬁﬁﬁﬁ@wturpo ﬁ e tesdabicerpriehesetdrsrian: s,

cl addi é\ﬂ:cb@és’l@é Ié%@ tABY afd@Mfardclehiz64 158 |4thed cbﬁs he R0 twifthin 65"(!)@ dﬁér?ém to
about 5 mcrons,  optionally from about 50 nmto out 1 mcron,
optlormﬂfyl|'qubﬁﬂﬁat§b%5%b)ofﬂmaooﬂii@0ut 0.5 m crons [00132] In one or nore

enbodi fﬁ%%?] W%Hé%rprﬁl&te em%odlmleon 8 &8 | ayer ﬂf'zio 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 about 100 nm to about 0.5 microns.
[00132] In one or more embodiments, quantum dot layer 1050 comprises indium
arsenide (InAs). Layer 1050 preferably includes wetting layer 1051 and quantum dots
1052. The thickness of wetting layer 1051 may be one or two 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 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, the average diameter of dots 1052 may be greater than 10 nm,
optionally greater than 40 nm, and optionally greater than 70 nm.
[00133] In one or more embodiments, quantum layer 1050 includes multiple layers of
dots. For example, as shown in Fig. 5, 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, 1055, 1057, and

1059, respectively. Each dot layer likewise includes dots 1055. The characteristics of
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arsenide (InAs). Layer 1050 preferably includes wetting | ayer 1051 and
quantum dots 1052. The thickness of wetting |ayer 1051 nay be one or two
nono | ayewe.20iomoerse enbodi nent, the thickness of dots 1@BZ/uSceasedsasl from
the bottom 1053 of |ayer 1050 and the peak of the dot 1055 may be from
about 10 nmto about 200 nm optionally fromabout 20 nmto about 100 nm
and optionall y fromabout 30 nmto about 150 nm Al so, in one enbodi nent,

th [ er of dots 1052 greater than 10 nm optlonall
ar cat e, RS 560 TAHEraEIsHg JRRIMSIGY daves ST die AT ire] BOISATAIK Sdaty
nmor e eﬁﬁﬁtﬂjg{mﬂb?,ne%%%@ﬁé‘dﬁal 1050 includes multiple |ayers of dots. For

exanpl e, as shown in Fig. 5, quantum dot 1050 may include first dot |ayer
1052, [ﬁ@d@#ﬁ diispdsege betviser adehr df diot lhpgrsr 105256,1054d 1066y taindd9058,apes

ayor smigmedge fdibie, 8T "Th6E. YobGnetha cr 26e deeaciyell | Kbdrae
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wetting layer and the dots, are substantially simlar although they need

not belny@antjAsintedntitidn] cléliding s@wrderaveebstaatallyodimilal of ieatical 16 2haddiip4,
1056, and 1058, are internediate cladding | ayers 1062, 1064, 1066, an

1068, hagepé@tdfovelhy otlﬂa»esmrds;t themgdteahediateadtiiduing dgyers arenpreferablyniatiize | _x

) . di at ddi
ayer smaranedl st Bafier drvsy L0 wbichiis] gl aftoe ralriedga RpcbiiaByel
ot her ygs@ls |n iohg ér“ﬁw%?é“éﬂ#tﬁ‘ioﬂnéh%d%é‘%&m&*ssoﬁh?er e%ia%quéfslﬁﬁtﬂ 4%64

mat ched to barrier |ayer 0, which is preferably lattrce matchéd to top
buf f er 10€;and1 HE may tzmﬁrom abauts ambtodibreeit 59, nrheptidriadly firesis abbut 5 nm to

about SR B Bh PRSI Rinstit 80 4 fo, 3600 AT 9 nm and-opti onal 1y 1 rom
about [00138] t Asstel abve n‘ﬂhe[@tb@ﬁ]laﬁ&s ROHBdnaipg\Re qhBﬁtdh@UbPlé%erL M I5e

surroundi ng the quantum dot | ayer é@ﬁe p05|t|vel or negatively doped to
nmani puPQsidvely of @ﬁgatweiwdov@@l Hﬁlfﬁﬂl@ﬁu cugianhpilowt iTeghoiguesfor Manipuliting n

ar . narery eyE e SerhfobBRN Beldis  knbl 18 W AR dpabso et~ >

her ei ninbly.3.ePatr dose 6 HESEXWBE 672D 200 €6,607 TaR e whighodieBizboraRdl Ieereirp!

| ayers can be dop -t npl oyi ng zi ng, carbon, cadm um beryllium
or  magheLeigrenas, ?ﬁ’é %@H&ﬁehﬁheﬂer@gm@ﬁ% esnbadigients, JeAI0RE Qlolgyars' Ganise" by

enpl oyidiskd Fd-typRM byBthpidling zinc, carbon, cadmium, beryllium, or magnesium. On the
other hand, regions or layers can be doped “n-type” by employing silicon, sulfur,
tellurium, selenium, germanium, or tin.
[00136] The semiconductor devices envisioned can be prepared by employing
techniques that are known in the art. For example, in one or more embodiments, the
various semiconductor layers can be prepared by employing organo-metallic vapor
phase epitaxy (OMVPE). In one or more embodiments, the dot layer is prepared by
employing a self-forming technique such as the Stranski-Krastanov mode (S-K mode).
This technique is described in U.S. Pat. No. 6,507,042, which is incorporated herein by
reference.
[00137] One embodiment of a radiation emitting diode (RED) including a quantum dot
layer is shown in Fig 6. 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

24



tellurium selenium germanium or tin. [00136] The sem conductor devices
envi si oned can be prepared by enpl oying techni ques that are known in the
art. For weanpl®226in one or nore enbodi ments, the vari oRETASRIOOGIBEL OF

| ayers can be prepared by enploying organo-netallic vapor phase epitaxy
(OWPE). In one or nore enbodi nents, the dot |ayer is prepared by enpl oyi ng
a self-formng techni que such as the Stranski-Krastanov npde (S-K node).
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n-type b ff [l 1125, cladding |ayer 1130, quantum dot |ayer 1135,
cl addi @% C@%ﬁ(‘?boﬁfetype | ayer 1145, p-type layer 1150, and emtter
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sem conduct or substrate 1115, ntype |ateral conduction |ayer
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regi ons), gol d-germanium all oy, or gold-nickel alloys, or

wh d
chregma ﬁcggpt%%sfgewansy Antkem layer 96 Staniurg af -ohegmisie ymayrhe usid de inerease
base. il Aok Petntfic CORMAHY Rc OB 2.0 m crons. A thin | ayer

of titaniumor ¢ d to1ncrease the adhesi on bet ween t he

gol d af00139¢ dnfedredt refiectmt drinal comPidd]a | refflestivd mefdriattand bblidnamymd i ses
a reflﬁlei%\{e mat er.i al nd optlonallﬁﬁca dielectric material. For exanple, a

silico &é"&a&ﬁ”%'e i‘;P]BI%S?’\QE)0 s at $ilicqn oxisier Far haesmlaredag el G'e&%{ﬁ“%e
deposi kRteridiedRP o benbb b&tbd @riér@ﬁﬁ' %P@d refTé?:‘ﬁt/%gﬁ%?%gs e

reflector 1110 orma out 0 out m Cr ons ubstT at e
1115 cihigknese of reﬂeddrrﬂé 110rmakbes‘ermfabsub@ﬁrtatamomz&nmnéoe from about 300

1 onprises | nx
to aboﬂ)im?ﬂﬁt gtjg)rsﬁgfe[1£‘g§ AR H'g%é anal Tﬁ ?ﬁlllé rtulasosnoiJ stra%e %?1§ may be from
about 300 to about 600 microns.
[00141] Lateral conduction layer 1120 comprises InyGaq.xAs that is lattice matched
(i.e. within 500 ppm) to InP substrate 1115. Also, in one or more embodiments, layer

1120 is n-doped. The preferred 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.

[00142] Buffer layer 1125 comprises three graded layers of InP1_yAsy in a fashion
consistent with that described above. Layer 1125 is preferably n-doped. The preferred

dopant is silicon, and the doping density may be from about 0.1 to about 3 E 9/cm3.
[00143] Cladding layer 1130 comprises InyGaq.xAs that is lattice matched to the in-

plane lattice constant (i.e. within 500 ppm) of the top of buffer layer 1125 (i.e. the third

grade or sub-layer thereof). in one or more embodiments, InyGa{_xAs cladding layer

1130 comprises from about 0.60 to about 0.70 percent mole fraction indium. The
thickness of cladding layer 1130 is about 0.1 to about 2 microns.
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(i.e. within 500 ppm) to InP substrate 1115. Al so, in one or nore

enbodi nents, layer 1120 is n-doped. The preferred dopant is silicon, and

t he pref ewoadiodegreee of dopi ng concentration nmay be fromcahisadiobh2d4e8 about 3
E19/CITI 3. The thickness of lateral conduction layer 1120 may be from about
0.5 to about 2.0 mcrons. [00142] Buffer |ayer 1125 conprises three graded
| ayers of InPi.yAsy in a fashion consistent with that described above.

Layer ks preferabl y n-do The preferred dopant is siljcon, and the
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within 500 ppm} to the top of buffer |ater e. the third grade or
sub- | aygGabghebEyer 1( 014D, Booié bemome dnshycliméhts |BRIMNUEES plddpdd YHRY
that is lattice matched to I nx Gai _ xAs layer 1140. Also, in one or nore
enmbodi pigfiersed dapant is Zirs and theldpridg cOheepiraticer mag béoframt aboiit Hi. hto aboutthe
dopi ng _concgntration may be from about 0.1 to about 4 E19/CITlI3. The

t hi cknfé&%/C@?‘- cbg t of spafinemest fayer 4 46rmoay Sedtam Abowin20nnatio @boR00

nm [O hln Contact |ayer 1150 conprises Inx Ga-|_xAs that is lattice

mat ched to confi nement |ayer 1145. Contact |ayer 1150 is preferably p-doped

(e.g.,[00d4Z} @dritacti tayer IHGOd@phmisesnﬁgJGéTi&Agnthmy idelatticemmiered 1td 0
about 4 E19/CITI3. The thickness of contact layer 1150 is fromabout 0.5 to
about confinenend . layére t4mt doonthaty lyet 1360naypreéerablyop-eidpid e dg. heoped iwith

surface except under |ayer 1155.
zinc.). The doping concentration may be from about 1 to about 4 E19/cm3. The

thickness of contact layer 1150 is from about 0.5 to about 2 microns. The contact layer
1150 may be removed from the entire surface except under layer 1155.

[00148] Emitter contact 1155 may include any highly conductive material. In one or
more embodiments, the conductive material includes a gold/zinc alloy.

[00149] Another embodiment is shown in Fig. 7. Semiconductor device 1200 is
configured as a radiation emitting diode with a tunnel junction within the p region. This
design advantageously provides for lower resistance contacts and lower resistance
current distribution.  Many aspects of semiconductor 1200 are analogous to
semiconductor 1100 shown in Fig. 6. For example, contact 1205 may be analogous to
contact 1105, reflector 1210 may be analogous to reflector 1110, substrate 1215 may
be analogous to substrate 1115, lateral conduction layer 1220 may be analogous to
conduction layer 1120, buffer layer 1225 may be analogous to buffer layer 1125,
cladding layer 1230 may be analogous to cladding layer 1130, dot layer 1235 may be
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[00148] Emtter contact 1155 may include any highly conductive material. In
one or nore enbodi nents, the conductive material includes a gold/zinc

al  oy. [08048j0/hemstiher embodi ment is shown in Fig. 7. Secraseduoe@ss device
1200 is configured as a radiation emtting diode with a tunnel junction
within the p region. This design advantageously provides for | ower

resi stance contacts and |ower resistance current distribution. Many aspects
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juncti vahr@y%érofltysoebmptmrs dayarniataig fromasbouia20ite akwmtut i5@00menehetunrel

ou BPEN 3R 12805 GRckT ARG n d Biebn, dRa 8RR G b Diipn O
n- dopegohfatsbut 15&%@2@ Bhe doping concentration is fromabout 1 to

about 4 Ei 9/cnB tter contact 1255 may include a variety of

conduc[a04&1 ﬂmt&mutix-»r scortbamt pﬁéﬁ emabpl includepai sadety hofs eonddidivieahmtétals, e
or

referred f n-regi ons such as chromu ermanlumalloys

bol - nptereBl f)ETeqess ate RdhataBptasiac By MRCRES SUTRAHTOTILPY g

8 Se §|gn ol ggm;ge,\(urﬁeanéglgq) kq:_(p,fgkbggﬁ as a radiation emtting diode in
sim ashion to ovvn in Fig. 7 except that electromagnetic

rad| at [QSH58hn Anoteen em@ddmmmiug‘ham HREB lisshoaneinoFigt iBe Semnmmidmbdrode\dem ce

b ot TR o RaB ob S W BBl R T SERRS 4R shbim

sem coRigyTtélcepethat @Idainadaie rabidtiva -cad bé‘@hﬂﬁ’&ﬁt?ﬁ‘@u@rﬂﬁé 8libstrate of the

contact/infrared ref|lector 1355, which is a
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, the semiconductor device
1300 shown in Fig. 6 includes an emitter contact/infrared reflector 1355, which is a “full
contact” covering the entire surface (or substantially all of the surface) of the device.
[00153] In all other respects, device 1300 is similar to device 1200. For example,
contact 1305 may be analogous to contact 1205, substrate 1315 may be analogous to
substrate 1215, lateral conduction layer 1320 may be analogous to conduction layer
1220, buffer layer 1325 may be analogous to buffer layer 1225, cladding layer 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 layer 1245, tunnel junction layer 1347 is
analogous to tunnel junction layer 1247, tunnel junction layer 1350 is analogous to
tunnel junction layer 1250.
[00154] The semiconductor technology envisioned may also be employed in the

manufacture of laser diodes. An exemplary laser is shown in Fig. 9. Laser 1600
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contact" covering the entire surface (or substantially all of the surface)
of the device. [00153] In all other respects, device 1300 is simlar to
devi ce 1280.20f0m2mxanpl e, contact 1305 may be anal ogous Pro/usesnbaeds3d 205,
substrate 1315 may be anal ogous to substrate 1215, |ateral conduction |ayer
1320 may be anal ogous to conduction |ayer 1220, buffer |ayer 1325 may be
anal ogous to buffer layer 1225, cladding |ayer 1330 nay be anal ogous to

| addi 230, t | 1335 b I us to dot |ayer 1235,
ol addi AR oportaaio RS, e <pbqgaPTee imadpn Otwemaiéf@j sugfias gold-
confi ”@r%mluﬂnaﬁﬁgsl:”ﬁe%}’ck%s@r&ﬁ'&ﬂﬁé’& lb?eF%bS WQ’TFcf?gyée %%F’E ofd/ el

junction | ayer 47 i1s analogous to tun junction nnel
j unct i apoutsd/0imi¢®BS. i s anal ogous to tunnel junctl on Iayer 1250 [ 00154] The

of || asi e sPEtA Jate PR aRa Y ahoshitR BRI feaiaBe/? HOBORIR Gics
gol donraniedPh o7 2063 19 Rl R MRS, ik RiER bl et Blodn o o. 5

m cr onsbéut ZH0otatabdud 600 ehiershs. [ 00155] Substrate 1610 conprises indi um

phosphj de that is prefer abI y n-doped at a concentration of about 5 to about
10 Ei SM S%he Qriiocrh epiaypl mﬁd%mr Bhespiide laver 161 4 auefessy trodapedialcno

' 001 tio pi i ndi de layer 161 5 is

or of or SHSPA a8 a0th 02 LIPS toraepitab BB e e Sikngst of asbaiat
Ei 9/ cn@ eﬁeesmr@rlﬁmtqb RS atsbaﬂsdcﬁw 615 is fromabout 10 nmto about
500 nm [00157 G ated | nP-|_yAsy | ayer 1620 is anal ogous to the grated

| nPi _ylR5B1if Gaatach bvit iy Asyilgyer216B0ifis eanal@Rivisi to e fgeated| 5th dusfer a

concentration at about 1 to about 9 Ei8/ cm 3 . [00158] Laye and 1630
f or m WeRRWRy i &dg. 1%27Buf[%ry1s$201@29r€%f@fa&ly Sedopasialim erndentn Qﬂﬁrﬂbmlt 1 to
phosphl de (d ‘EA Asz P-|.z ) . Layer 1630 |likew se conprises In-j.

X GAx AsPPt| 9 E lcm th layers 1625 and 1630 are lattice matched to the top

of | aygﬁm%ﬁ]?o{_ak/ér @B@@Va\nﬂ’o’féﬁ) fdrﬁfy\ﬁlé\?ejg@%% 4@?7 1%%3&9?5 c?‘?na@ﬁéon diu senl ..

about nolar "fraction galliumand O0“to about
Layer d#b@mj arsgbidiet pliogphide dipautGARxAS£? pak tLlayek 1630dikesvise dopyxutisat laq.

concentration of about 1-9 Ei 8/ cnB. Layer 1630 is
xAszP1.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 at a concentration of about 1-9 £18/cm3. Layer 1630 is

about 500 to about 1,500 nm, and is n-doped at a concentration of about 0.5 to 1

E18/cm3.

[00159] Confinement layer 1635, dot layer 1640, and confinement layer 1645 are
similar to the dot and confinement layers described above with respect to the other
embodiments. For example, confinement layer 1635 is analogous to confinement layer
1040 and dot layer 1640 is analogous to dot layer 1050 shown in Fig. 3. In one or more
embodiments, the number of dot layers employed within the dot region of the laser
device is in excess of 5 dot layers, optionally in excess of 7 dot layers, and optionally in
excess of 9 dot layers (e.g., cycles). Confinement layers 1635 and 1645 may have a
thickness from about 125 to about 500 nm and are lattice matched to the wave guide.

Layers 1635, 1640, and 1645 are preferably non-doped (i.e., they are intrinsic).
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about 500 to about 1,500 nm and is n-doped at a concentration of about 0.5
to 1 EE8/cm3 . [00159] Confinenent |ayer 1635, dot |ayer 1640, and

conf i nenmew0 20By@e261645 are simlar to the dot and confi Remars20lAYEBS

descri bed above with respect to the other enbodi nents. For exanpl e,
confinement |ayer 1635 is anal ogous to confinenment |ayer 1040 and dot | ayer
1640 i s anal ogous to dot |ayer 1050 shown in Fig. 3. In one or nore

nbodj , .th f I ithin the _dot region of the
noor (OUAEE - UaEre 1ERE od 1655 sl whig Ghkle 16830 ST s a7
I ' ' . C : :
Cont| Te2E uhPMEs0NablYs! oSHCRE Rios” catprisRY Fi SRS, PRIHRR IS faffics

about ma@thathtoand tap of batfed ¢620mLaNaHE5D fsbolR B0 iBBut I B0BN im Hddped 640,
and 1645 are preferably non-doped (i.e., they are intrinsic).[O0 160? Layers

1650 aind cbdBsnfration vhabogid detal 8bSut 1 E18/cahdu ILayef 85biiomaboat Mayeslsodtt®5 and
1630, |l ayers 1650 and 1655 conprise Ini_ xGAxAsz P-|_z that is lattice
mat c hedcrons thiek aog iop-dopetiat al@d@entratien ol 860uti stosdimutt BOB/cm3about 1, 500

; i f t 0.5 b 1. Ei 8/.cnB. 655 i
oot DB S GreoBERBHERANT vk B0 o2 presh ity ihat screalibpis FoaEr about
1 to beuts0E Bisris, the n{oq)é}l@édtidnnopéﬁ%eﬂ@gé'ér_%ﬁg«%s asath é:%@fl% isSrupthBET f er

| ayer that is anal ogous to buffer l|ayer 1620. is, the nolar fraction

of ~arkemi thedguaritgedotss dayer §PEAdsiprefaiabliiep-dppenat e cquaentratiaoot 1-Q ayer
1660 | r%ferably p-doped at a concentration of 1-9 Ei8/cm3 . [00162]
LayerEi%g’S‘ conpri ses indi um phosphide (InP). The thickness of |ayer 1665 is

about o] T a) : ' f bl ;
concelienez] o LYK 10as PolBlisas bl AR pHosgRIoe ey el tAges B e 1gog s

cont aglhoutB0er toaatalud §60nm thick had i prefacbly pydepsd dt acrdrzettratiop bE¥bowtst
enbodi nents. [00164] I n other enbodi nents, |ayers 1660, 1665, and 1670 can

be an®aidi4 B1®/emHer configurati ons described with respect to other

150 10B85E ; 50y, SA70TR, Biqanta ey & aladlh i o 2 BB itesy B6Scned s,
1247, preillis emdodigtemtsshown in Fig. 5 can be substituted for |ayers 1660,

1665, and 1670. )
[00164] 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.

[00165] Various modifications and alterations that do not depart from the scope and
spirit of these device embodiments will become apparent to those skilled in the art.
[00166] Of course, it should be appreciated that, in one form, the developments
herein incorporates RED elements as described. However, it should be understood, as
was mentioned earlier in this document, that various other digital, semiconductor-based
narrowband device technologies may be employed. For example, mid-IR LEDs
operating in a range from 1.6 micrometers to 5.0 micrometers are known and are rapidly
becoming available with more power but are not as widely available as shorter
wavelength devices. In addition, various semiconductor lasers and laser diodes may be
employed with suitable modifications. As was also mentioned, other enabling

technologies are being developed or may be developed for efficiently producing limited
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[ 00165] Various nodifications and alterations that do not depart fromthe
scope and spirit of these device enbodinents will becone apparent to those
skil |l ed iwothm/meie1 [ 00166] O course, it shoul d be appretitst@dordiat, in
one form the devel opments herein incorporates RED el enents as descri bed.
However, it should be understood, as was nentioned earlier in this
docunent, that various other digital, sem conductor-based narrowband device

t echnol ogj es,,may be _enpl oyed. For exanple, nmd-]R LEDs operating in_a range
[ r om SOREIRHD AEEGRUCR Gne H8VAtaREN aravalsadihRotan e ARPCH UGS IgSsRsh ng
avai | ahd@i I"\H}l@?rtl?es@ﬁ‘&rro@ﬂén@(j@vi@@é RS poreiftiay c%ﬁé‘ihé?e@' for %%esiﬁg)rréflfcinegr
wavel ength devices. In addition, various sem conductor |asers and [as

di odesthisipvertieanpl oyed with suitable nodifications. As was al so nmenti oned,

o e GRS R SR RIS S AR S
vavel emghhsuftabletdticRAhiciaét @NBaviesddd ird hgiRide ofimadMtichhe&GaiRam syand

devices are potential candidates for use in practicing this invention.
[ 00167frmn thesecdevees avill hepBED deviees.agplmestt heat, applications ob itee imentioaqui r e

depl oy] it abl e devi ' d ad litude of
P A ABGENN W4 55 a0t S ol B YRV A oF
heat amppltiptek ib?raﬁar@éyg, RerigvrRmtich fraystake tHE Yorgesf RMcubtonyiréd atrangbmenest oyed

in some sort o igh density x by y array or in nultiple x by y arrays,
sone ofdiviflush Ry deices: hdheoarmalss can darge fione single deayigasnto afore ypicallual

RED deyi T S . L.hal A re '

nundr e, HOuSEAGY o BRI ARERURTLRT LR, & HEUEEE ebBaIPRCol 1B (hes) | he
types amdl shiesesf dbvideyiuszsl, thedbutpiie raylined] areidtie edvelinditid@ceawe! forgt hs
needed for a particular inplenentation of the invention. The RED devi ces
will oRArHPvEr BEplegantationod! tberByantiondhe REHida iqgsvll 4Supli e mowaisd on

di ssi . biLi . o . 5 . _ on
the RED AR PEARS Ihlchy hale dtPleaSPaChast BRInch B Ratiis THEY shedl3t ikt
densi tehudvad eceoommaedatipnde p Oftemetite. RED idevipesswill betmotiated advsuthagiecuif

S I R R T M TN A GO

oL TSP, TR AL STARIURS B UEg S A, BSSHR "

uni quemekiayzge stengity adhratevdesirablentornigbmiowered applications. For example, such
techniques 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 majority
of the electrical energy input is converted directly into localized heat. Shorter
wavelength devices tend to have a substantially higher efficiency than longer
wavelength devices. Some of the near infrared wavelength devices in the 9XX
nanometers range have achieved over 70% wall plug efficiency. Longer wavelength
devices are improving with efficiency but will likely never be as efficient as the shorter
wavelength devices. Regardless of the wall plug efficiency the 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 integrated
circuit or flip-chip or 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
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of the electrical energy input is converted directly into |ocalized heat.
Shorter wavel ength devices tend to have a substantially higher efficiency
t han | ongwo 208viekmmgt h devi ces. Sonme of the near i nfrar edTaseabongts
devices in the 9XX nanoneters range have achi eved over 70% wal | pl ug
efficiency. Longer wavel ength devices are inproving with efficiency but
wll likely never be as efficient as the shorter wavel ength devi ces.
Regardl ess of the wall plu fficiency the ste heat must be conducted
away f%!sﬁaﬁﬁéweeﬁﬁ@f@aﬁ&@ich@de jW@Jﬁmfy*% &%P derh radiRliNe 4t iEnEANasd ™Y fPhg
out -t hexdrfigle it 138t KnBst thé VIsit & pBLaliAp BB Rilipnitedys, they may likely
use integrated circuit or flip-chip or c |p§)- oard packagi ng technol ogy
wi t h al®01168] afrdr enogiaapplications |tha REMdevigesewili be wepldyear ddvantageamigiyein be

d for. ticalit d itiqning flexibility., T b
oo ctmsieREsiESE plrale itnB 8 WHidL At e e dhnesiaratonar el dh i waEny
sel ectf baateelieadihtion oF deftaipfygids Gdiargtan TﬁsaisrtﬂJEJf‘orfétol@as{ He Pdﬂ]%wm )

the bottomend of the visible spectrumup to 5 mcroneters. [00168] Fo
nost a§@sPe&ti ons, the RED devices will be depl oyed advantageously in

[ } zed e, i ch b . ' ' .
hon- pl anar 1 nardPRRs SaEFER) offbhE ReBY i SotiiRe hEBI RSP " Tutipls <
This is true fordaticdseast the followi ng reasons: 1. To provide sufficient

out put power by conbining the output of the multiple devices. 2. To provide
for enough 2-spr eb@Praideiargnoughespraad pfguitpetnves edatgessugfase thareadevi ce

could properly ig& i:%l;,?c I functionality that the
programmability %’g@gn ar reac;buéqgﬁ&%qw&&?gfgg&can bring to an application. 4.
To al | ow mi Xi ng Topmvidethar fuaytioality that tiaprogremimatsiity oo adidrfagr GFIRED

speci fied wavel eeglths for many functjonal reasons described in this
docunent. 5. To 9€¥58S ¢aft bringiQan AgPigAtiongeonet ry’ of the output to the

particul ar appl itaLiiQR nhigheliR t | GdVi ' ref %{&I of

desired irradi at?@n.&g. lToﬁflaci iataérg} %‘ﬁtﬁgpghééﬂ@ggi@@éﬁﬁtn [ ng':jfﬁ:ﬁj

| ocati on, radi atwayelengthedormmdnyfemtiohabraasonbdeagnibeciatthisndoctmuentenent s.
5. To facilitate matching the ‘geometry’ of the output to the particular

application requirement which may include preferred angles of desired
irradiation.

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’.
To accommodate driving groups of devices with common control circuitry.
To accommodate multi-stage heating techniques.

10.  To facilitate proper cooling of the devices in their array configuration.
[00169] As part of the design configuration, certainly many decisions must be made
but one important one is whether the irradiation devices will be moved relative to the
target item to be heated or cooked or whether the irradiation devices will be stationary
and the target item will be moved. Some combination of these could also be contrived to
optimize design parameters. It is, for example, reasonable to have a long to linear array
of devices (or a very long single device) that could be moved over, under, or otherwise

proximate to the target item to “irradiate a swath” as movement of either a radiation
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7. To facilitate the synchronization of the output to a noving target or
for other Qutput notion'. 8. To accommodate driving groups of devices with
comon cowmonrolo/wereaui try. 9. To acconmopdat e mul ti - st age Phgats2ong/oe@shni ques.
10. To facilitate proper cooling of the devices in their array
configuration. [00169] As part of the design configuration, certainly many
deci si ons rrust be made but one irrportant one is whether the irradiation

devi AN I t t t o be heated ked or
aht hoRoUieE QiR hes, e 1S WaU Tasd SERATVORGA Unensaimonray beed Siibw |
b IRR: t I r | s

dosi on oo o ey P 1arB8 et g Ao R DR o 8 O B,

array spradamsfewo(ﬂdrmavam ;nultmig diffarghiewdys;itba) amhatumben bﬂ dbelgns\oedldolver ,
e target jate a swath" as

IIBIIgIreIﬂCO&‘I)‘Irgf%dIIIQrmEI?‘? ﬁbqsgtreﬁaalglgﬁ% ’I?raFIIPJPB@I’I%rP%%% aBPII‘E?g'O“Thi s woul d feel
sim | a[0Qn709 a5d treaard rédlly thRdeayertatwhiainat %é)ﬁ»rdwbth&ihf@a%no% dH g&t

that is being painted. It i's apparent, just as a good paint “"spray arti st
woul d RE@BIES lAIDeitwpeordhfaedismnsienal artayatcaare daﬂneedcﬁqsr thesapplisatioul Al be

[ 001701125+ PRsRuABAGohAE oY Baf b Gl o FOB RE T Sk nciRaBffier s "
conf i gapplidationc @n the tiaird mgeﬂoulﬂafeg@ktng)a@varttégégf d’IdTﬁ"@ﬁlyOdi?écti@héﬁﬁétuﬁé‘n be
desi gneg for the application. A linear, one-dinensional array can be

desi gnetithasgt nargoy a%ﬁ@a@% tgiyYse aRRl ar dRGENPPIBE SpHEESMNICH AreRimedr anthe
third g I

these aaeeteHoealEE T, BRKTARE i Pl ebo RN AR o Pt o
and di rrmyeddmrmrsk bedefiedets. inThdet tatpaint thewrdrgynas déelrwlm@% 40 exanipl®! | ed
or galv rmv?fd mrrors or deflectors in order to point the energy as

desi reBPI:I?We i yoef igdiation cauld b applied; latsr ‘BfthISr‘iI%Ir%%”toﬁe@@HWi ofdhe
I
appl i el @ndi fsddh ﬁd@aeggﬁﬁ{* h&RCBESS nﬁ] ndffGuletPirt 2 msfgrg?r“@%? hn‘IIEQ gles,

they have been rranu acture a manner at mnimzes ucl ng t he
si ze ofostHy rjadnctngdhe size ohthegtincton. elfjthereforé esguirsniess lséumtmdum&fremafar ea

i i i . Th d RED d |1 oft
oot BreawbER HirBehy Sodb Bled fa. b TnEiad e B Refto cRvioeS Wil GRgndeanies | ¢
has bewmétQMIIraeﬁtéméhe@%utﬁgulrﬂtﬂéefo%%ﬁ A6k Fﬁgto%t ht ﬁé@%ele\ﬁeth\é@ﬁe&f

formng a | arge photon producing footprint junction area. By so doing, it
woul d t pBEBishIceuldo bgr Brséactamd wnth creatlve ways of forming a Iarge photon

producing footprint junction area. By so doing, it would be possible to 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 to practice this
invention could be reduced. It would not necessarily be desirable or practical, however,
given the rising high power outputs associated with many of the new devices,
applications of this invention could be accomplished with a reduced number or devices
or even down to a single device. This can be practiced with a single device for lower
powered applications, single wavelength applications, or, if the RED devices can be
manufactured with sufficient output capability. Since the RED may often take the form
of a laser diode, the additional power out of a single device is quite realistic. One
manufacturer has demonstrated that at 975 nm, they are able to manufacture highly
efficient, surface emitting devices that are quite sizable. For example one device which
may be 1 mm x 25 mm of emitting area may be able to crank out over 60 optical watts

of radiant power. Ten such devices mounted on a properly cooled circuit board could
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devi ces capabl e of sustaining dramatically higher md-infrared, radiant
output. If such devices are avail able, then the absol ute nunber of RED

devi ces nwedet)/we2epr acti ce this invention coul d be redueeu/UuskaiomeuBsl not
necessarily be desirable or practical, however, given the rising high power
out puts associated wth many of the new devices, applications of this

I nvention could be acconplished with a reduced nunber or devices or even

down to a,si gél de.icle. hiis can be ractic%dwi h a single device for

| ower B@%r%@ (ﬁbPPg%ﬁ‘ i WAKS IRy GRURAERA agﬁﬁi‘%&{qu%g? sy ysefulfer rep
devi ce BBEK NF Tl t capability. Since the
RED mﬁwa@?{b&‘?ﬁ? ake ﬁﬁg}P?ﬁﬁg?h‘%tw%greggﬁg%%ﬁeﬁeﬁg‘ add!ot I onal ypovver out of a

si ngl elMdviite Similgdytitisr pesdibieito. manefantune e bboee deaedamayssas ategratédt  at
975 nm_ they are able tq manufactur Lghl ficient syrface em.ttin

dovi cebrefi Bl o e TRBtadRup RERAMAIE ke tbReciti 3 rapites &Pam «
25 mm gihgrNbibte BY SAEER. dalurRaradhiBe ! 6 inHRAK pABSPIAYE or Bth&RiUiaBle ¥@idiSitof
radi ant power. Ten such devices nounted on a properly cooled circuit board
coul dcbahwitbunulgple jwpelieng Wheraby each funatipns @spaphopert kageersioat output ditbe

{003 7191 fbich | TREY cBLid BE SRfi BeRke Mipd el el paRERdrSEbioBals Pafs s
| nt egr gti¢ dreiys Gor biectrical suahecivity EpIdemBOhBAd.0SUched &S pabkidbshéoad tRyed

within the confines of a _single piece of si?'i con, gallium arsenide, or

i ndi unPphEsAsdBe arays Frailitaling His desiipsselpalrisabernnactivitynfaricopnectiamts: aahs

wher eb ctd p A ' i i They
coul o BaRES by HRCA R siSieh P ACRRR OSBRI REg o8 Pl ot B Eetep g
ar r ay steénaperatize twhiclalshookinest be iallywed do megoh iapgroxfivately@00e ¢ pask agesitisoul d
then be used as the ar , facilitating the desired electrical connectivity
for cofWESTl GReMISLgRy é%yﬁ’f‘? amgae REAThitp oPCeifst dimis Adicipateg dhal duture

par ame <Pt Mﬂfd | ' t r [ e

al | ovvezc\?IF,?f%{rgI'Srﬁrgadtﬁg')‘ﬁ1 appr (%)(?{Iq ?rgbgf’é%ﬁggﬁi q%%t t@:@%ﬁy%ﬁ?%n &Jﬁég‘rﬁn%# ?g(tsep P

bef or ebelawntfee wsitjcals damagec tanged tof i theadevicé panplbyetat Thetyuceuld hiemihet riye

d ' d t. 1ol but heat t al be kept
el bw dridoVsy eftBronBraGEBsaanudCRll G0 euaies By tiey el BEATa AR her
be deph aigbrebvdi aFragbf Gelicds skctats wmeva%wd@hhan ahditRe @Hbﬁémlé,%s or they

could be arrayed as a higher level array o evices as dictated by the
app! i cEAG13R] avdheneethese slevices.arp aonfigiredhioranyt type eof diray; ésmay decdesitaple ed

in anyidt Pﬁ%n% rﬂircF@Yensi érrg?}'n Ql%sgepsr&i?ntftlyeto the narrowband irradiation of array in
order to bend the radiant energy as desired. For example an array of devices may have
an output divergence with a total included angle of 35° while it may be more desirable
for an application to use a 10° divergence angle. Each lens or lenslet in the micro lens
array could be responsible for refracting the output energy back to a 10° divergence
angle. Many semiconductor-based narrowband devices, such as laser diodes, will
typically have both a so-called fast axis and a slow axis. That is to say the divergence of
the photonic output in perhaps a vertical direction may be different than the divergence
in the horizontal direction for each device. For example, some devices have parallel
rays in one axis while having a divergence of perhaps 15° in the other. While it is
possible with lenses or micro lens arrays to change the divergence angles, there is
some energy loss as a result of doing this so it is best to use the native divergence
without correction if it is possible to do so.
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to mount a micro lens array in close proximty to the narrowband
irradiation of array in order to bend the radi ant energy as desired. For
exanpl e amoanrien2wii devi ces may have an out put di ver gen®eTwistétom2446% al

i ncluded angle of 35 while it may be nore desirable for an application to
use a 10 divergence angle. Each lens or lenslet in the mcro |lens array
coul d be responsible for refracting the output energy back to a 10

di ver C ngl e. Man eni conduct or - based narrowband devi ces, such as
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the native divergence without correction i IS possible to 173]

| n deséepipygente nefactoring gmethodologies, degstsy i elgctranic ombmmt;tivity,f corr]ltro]!
sem co orh d devices into irradiation arrays,, regardless the form
factorg'g}%?%rﬁgag%ﬁylgg o { hEORILPTAIRPS 1y SVhsi mei. Wr%ﬁéﬁra ergpnce
var i ab§gescifistionsWcbbRyg rehairémests, NenviveRhiemt éf?ﬂeblb?ﬁ‘ie*ﬁ@,t Be@cOUsionggionand a

techni cal standpoint. Sonme of the other variables t0 be considered in view
of t heraflgetpsk canes@y| iPOMErorouting, ugewpack4Rfing sting evaltagee pstopge gepmetry,

or ogr aneeys R, SRLRCRRRR B a Teo FbisABealRERARY Wi epo@PhaR e o

speci fwitladndsnstandool i ng requi renents, environnment of depl oynent, device

proteciion, reflected energy, power routing, power supply, string voltage,
stri ngfoé)élgﬂat A r@Wrﬁ@f‘%’!al%nsﬁgﬁf@PF%ﬁﬂg,f%:@Qﬁet"sayeaﬁ%ﬁQﬁéﬁf?doWHbr@eﬂhaa one

skill eEaHtiEulfag‘égé‘@g%igg rérﬁa‘ fafrhisin %h%&%‘éﬁ%ﬁﬁ& ve{r%%zﬂv%ggtﬁgwm fid al s,

subst anhces, ave associ ate ema partic absorption
and t relestromsigoatic lspeatrter iTHis ¢S oftenviefened tocae then gbbsrptiohhspedtfaeof the
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i nventfoopraciise| ef this iisvention, drhileeit sy mdre diibsor pyi the/ absorptios/franamission
properties, all must be considered.. The percent of absorption at any given wavelength
can be measured and charted for any specific material. It can then be shown
graphically over a wide range of wavelengths as will be explained and exampled in
more detail later in this document. Because each type of material has characteristic
absorption or transmission properties at different wavelengths, for best thermal process
optimization it is very valuable to know these material properties. It should be
recognized that if a certain material or target is highly transmissive in a certain range of
wavelengths then it would be very inefficient to try to heat that material in that
wavelength range. However, understanding that for some targets it may be desirable to
choose a wavelength at which the material is highly transmissive to facilitate deep
penetration into the item before the energy has been extinguished. Conversely, if the
material is too absorptive at a certain wavelength, then the application of radiant heating
will result in surface heating of the material. This reality may be very desirable for some

applications. For example, if it is desirable to see the outer surface of a steak or to
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properties, all nust be considered.. The percent of absorption at any given

wavel ength can be neasured and charted for any specific material. It can
t hen be swowmiogwagshi cally over a wi de range of wavel engPh3/usg0miokd43pe
expl ai ned and exanpled in nore detail later in this docunment. Because each

type of material has characteristic absorption or transm ssion properties
at different wavel engths, for best thermal process optim zation it is very

val uabl e to know these nate pro ies,_ It shoul d be recogni zed that if
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has be cﬁge[s 3 gle“?ﬁﬁ“v'@fsely, if the material is too absorptive at a
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surface heating of the material. This reality may be very de
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with deep penetration or evenly through the thickness of the target

mat er | @Mbnadiens pf maveleasths, ifdias aotihisiorieritydrean rossibipde dwbeentiraize Maoyls
vart oud g, Efisit nRBlng Ushicatinl BhbRitcfis. | §BEET s RorplBbhE e dauEE o

homevespedlﬁlcglwammgmb ofiiigfrared, ragiatiopmtzaadprodiuchr @en Qﬁéﬁ@f‘écﬂ@ér% a8/ not
avai l abl e thfa{hecou be specified at particul ar wavel engt hs
conbi nd¥AHS W& F@W@ﬁh”g whigh ghair pattich|as fspduc|is WQﬁéé’l@%@@%‘V theatedof ul | y

opti m g ceeEyy.of the existing heating or processing operations. Since it
was no practlcal to deliver specific wavel engths of infrared radiation to
a pr odifén76haristotinaifyathe ability tar prodate aelatieelphighinfrared Fadiglidrs dansitibs ab

t hei t duct. | y heated rocessed. [00176]
H st or PR WagHERaRsI iy nagoRRanicanses ek snpY osReshevalads aiidksyn
densi t TRErefdres BiRek this e oF BRALIRG opbrddes@,ﬁ‘{g &(Yl’ﬁﬁﬂgtlér?ﬂ%?o%éeﬁ 'd%'iléfbl@()t

been available to industry. Therefore, since type of heating
pr ocesénag nepbean antesnplates byomost aranatasiturens er by designers of various types of

ovens. It is anticipated that the availability of such wavelength specific infrared radiant
power will open entirely new methodologies, processes, and optimized cooking. The
subject invention will make such new processes practical and will provide an
implementation technology that has far reaching flexibility for a wide range of
applications. While it is anticipated that the first utilizations of the subject invention will
be in commercial or industrial applications, it is also recognized that there will be many
applications in commercial and consumer food processing and cooking, as well as the
whole range of medical and consumer applications.

[00177] It is anticipated that these developments will be very useful as an alternative
to broadband gas, resistive, and quartz infrared heating bulbs, or other conventional
heating devices that are currently in wide usage. Such quartz bulbs are used for a
range of curing and cooking applications. Not only can these be utilized as an

alternative to the existing functionality of quartz infrared lamps or other conventional
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It has not been contenplated by nost manufacturers or by designers of
various types of ovens. It is anticipated that the availability of such
wavel engtwopsciotice | nfrared radi ant power will open entCraiSgo0oe6438

met hodol ogi es, processes, and optim zed cooki ng. The subject invention wll
make such new processes practical and will provide an inplenentation
technol ogy that has far reaching flexibility for a wi de range of
applications. Wile it is anticipated that the first utilizations of the
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ef fi ci padtingotethniqueheirgoredy on when it is needed and off when it is not
needed, \Wen a target conponent to be cooked, cured, or heated is within

the i 0978l i dhezafded Hactipnaliesf bgingable fepulse gnargizedhe dightindiniiackd in
t he ex r Pr e ] I mes
o ot LS BIBH b Wiy BLFod 26 T BSRLLBRAE DR IE Rer

[ 00179¢ndiigg effidehcl uoomperedd itby ofangecogverttional drpadismdenadight ehdatiagt oght |y
limted vel en@t hipOf the i nf r‘ﬁr ed source can |lead to a consi derabl e
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i nf r ar wack iutlividuaintasgetst ah dhelemaves paSEDe) jarge inanedsairdy esouece. In other
words, the infrared emitting devices that are nearest and aimed at the target device
would be the ones that would be energized. As the target component or region moves
onward, the “energizing wave” could be passed down the array.
[00180] In the case of cooking or curing material into which will be of varying
thickness or shape just as with thermoforming, it could be desirable to apply more heat
input into areas which are thicker or have more severe shapes. Similarly in
thermoforming where certain areas will get more severely formed as compared to areas
which will be more modestly formed or not formed at all. It is possible, by correctly
designing the configuration of infrared emitter arrays, to not only not have all the
devices energized simultaneously but it is possible to energize them very strategically to
correspond to the shape of the area to be heated. For continuously moving production
lines, for example, it might be most desirable to program a specially shaped area of
desired heat profile that can be programmably moved in synchronous motion with the

target region to be heated. Consider a picture frame shaped area requiring heating as
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track individual targets as they nove past the large infrared array source.
In other words, the infrared emtting devices that are nearest and ai ned at
t he tar gewodew/ioe2enoul d be the ones that woul d be ener gipzediS20is/02dass t ar get
conponent or region noves onward, the "energizing wave" could be passed
down the array. [00180] In the case of cooking or curing material into
which wll be of varying t hi ckness or shape just as with thernmoformng, it
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control |l er or cog;ﬁeé er's instructions. The devices W|th| n the arrays could

be turEAUE eant %htthheskjnﬁltV&H3| JREPhdeyicersi Inethesat ﬁﬁ'@taﬂcﬁﬁetﬁ'@l RED n
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t he |ntenS|ty as a function™f tine nost eS|ra I on.
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F e I t d, to h ranul ar
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groups of strings nmay then be progranmably con e app I cation
requi reafls dictate. Practicality will sometimes dictate that the RED

devi Ceﬁ)(ﬁ%‘?] dpl"h\éeﬁnné's 8 3h ?/s i Rcéf)s rr]rgay be controlled 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
narrowband infrared radiant control that is appropriate. To the extent that complex or
precise control is dictated, the control circuitry could continuously monitor and modulate
the input current, voltage, or the specific output. The monitoring for most desirable
radiant output or result could be 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 sophisticated
technologies that could take the form of, for example, infrared cameras. One skilled in
the art will be able to recommend a particular closed loop monitoring technique that is
economically sensible and justifiable for a particular application of the invention.

37



to facilitate voltages that are nobst convenient and to reduce the cost of

I ndi vi dual device control. [00181] The strings or arrays of REDs may be
cont r ol | estolrg1ogiongsliy suppl yi ng current in an open | oop eomfisguoaésdhn or
nore sophisticated control may be enpl oyed. The fact intensive eval uation
of any specific application will dictate the anount and | evel of narrowband
infrared radiant control that is appropriate. To the extent that conplex or
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types. The infrared heating sources and el enments that are used in suc
ovens 6P@King skatiaer thewreduct being/cerkedot have the ability to produce

speci f{f9184] Another commonly used infrared heat source in ovens is a quartz or quartz

halogen lamp. This can certainly take many forms but is most frequently used in a
straight or circular tubular form. The electrical filament in this type of lamp is housed
inside a quartz glass tubular element. Quartz lamps and quartz infrared lamps are well
known in industry and consumer products and there are numerous variations on the
fundamental concept. Some of the forms change the central wavelength of the output
curve to push it more toward the visible light spectrum or toward the near infrared
spectrum or in some cases even toward the mid infrared. In all cases however, quartz
lamp radiant sources are broadband sources. Their full width, half max output is always
greater than 2500 nm. Many have substantial output well beyond 4000 nm. For
purposes of contrasting it with the current invention, this is clearly a broadband source
as are all the other heat-based sources which are used or have been taught to be used

in various types of ovens.
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wavel engths of infrared energy that m ght be nost advantageous to the
particul ar cooking situation or the product being cooked. [00184] Anot her
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el ectrical resistive heating el enent s These are very broa
contact with the target or food. A conductive heat transfer actually occurs at this
interface with the hot air or gases. As the outer surface of the targeted item that will be
heated or cooked comes into contact with the gaseous fluid, there is a conductive heat
transfer which seeks to equalize the heat of the target to the fluid. In the case of cooking
food, the radiant energy that is emitted from the resistive heating elements is usually
shielded from the food so that it does not impact directly. It has been recognized in the
industry for years that the long wave, broadband infrared energy which is emitted from
the resistive heating elements will be absorbed too rapidly on the outer surface of the
food. This will cause a surface burning or browning long before a deeper cooking occurs
inside the food item.
[00187] It has generally been recognized for years in the food industry that the longer
the wavelength of the irradiation, the less penetration it will have deeply into the food
product. This is an unfortunate generalization but one that made sense when the only

way that ovens had been manufactured has been with broadband sources.
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heati ng sources which keep the air or gases inside the oven. The hot air
then is in contact wwth the target or food. A conductive heat transfer
actual | y wocuoreioatgeit his interface with the hot air or gae®daiS2048/02dags out er
surface of the targeted itemthat will be heated or cooked cones into
contact with the gaseous fluid, there is a conductive heat transfer which
seeks to equalize the heat of the target to the fluid. In the case of
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it, then it is possible to choose a wavel ength or conbi nati ect ed
wavel eaeghievedt Thus Hie tadiant energy will be absorbed progressively as it penetrates to the

desired depth.
[00190] It is important to note that for electromagnetic waves traveling through a non-
metallic material, the intensity of this wave I(t) decreases as a function of travel distance
t as described by the following equation:

I(t) =lo(e™)
[00191] In this equation, I, is the initial intensity of the beam and o is the specific
absorption coefficient for the material. As time t increases, the intensity of the beam
undergoes exponential decay which is caused by radiant energy within the original
beam being absorbed by the host material. For this reason, the use of infrared radiation
heating to achieve optimum cooking results entails a complex interaction between the
thickness of the food items, the applied infrared radiant intensity, the irradiation
wavelength, and the material absorption coefficient(s).
[00192] 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
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particular food is nmuch nore transm ssive so that the desired cooking
result can be achieved. Thus the radiant energy wll be absorbed

progr essiwelgioa®2ict penetrates to the desired depth. [O0®L$QA]S2010/026438

i nportant to note that for el ectromagneti c waves traveling through a
nonnmetallic material, the intensity of this wave | (t) decreases as a
function of travel distance t as described by the follow ng equation: | (t)
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penetrwémgn to occur. A second elenent type would be chosen wherein the
absorption of radiant energy is high thus facilitating surface heating to
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| nportant properties of prepared food itens. [00193] By connecting col or,
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with a moisture sensor, it would be possible to respond with the combination that would
maintain the desired moisture content. It is, therefore, possible to understand how the
subject invention, in combination with the appropriate sensors, and controller
“intelligence” can truly facilitate the smart oven of the future. It 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
technology offerings. The smart control system could be designed to best optimize both
the present invention technology in combination with the conventional cooking
technologies.
[00194] 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 heating that 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 selectable one could achieve a wide range of specifically engineered cooking
results.
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| ocations and sizes of the food products that are to be cooked and then
optim ze the ovens' output accordingly as has been descri bed above. Wen
used i n cwolwmatewn With a noisture sensor, it woul d beprpoaskalm244e8 r espond
with the conbination that would naintain the desired noisture content. It
I's, therefore, possible to understand how the subject i nvention, in

conbi nation wth the appropri ate sensors, and controller "intelligence" can
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visible region. For example, some types of food items cook well at 972 nm, or the 9xx
range. Some food items may cook well at all or various bands within the entire visible
range. So, narrowband devices are provided at such wavelengths for such applications,
and provide deep penetration of the energy into the food item, in some cases. Also, it
should be appreciated that the present invention includes implementation of semi-
conductor, narrowband irradiation or emitting devices that emit energy in, for example,
the ranges of 700 nm to 1200 nm, and the range of 1200 nm to 3500 nm, and in the
range above 3500 nm. Also, where two wavelengths of energy are supplied to match
absorption characteristics of targeted food items, in one form, one of the wavelengths is
above 1400 nm, and the other is below 1400 nm. Further, where two wavelengths are
used, in one form, centers of selected wavelength bands are separated by at least 150
nm. The spirit of the disclosed invention includes the application of direct electron-to-
photon solid-state emitters for the purposes of radiant heating wherein the emitters are

conceivably operational from the visible through the far infrared. It may be desirable to,
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within the 1.0 to 3.5 mcroneters range, it should be obvious to anyone
skilled in the art that simlar material heating effects can be achi eved at
ot her opewatznonm@ab2enavel engt hs, including | onger wavel engCmarseoronkass nf r ar ed
or shorter wavel engths down through the visible region. For exanple, sone
types of food itens cook well at 972 nm or the 9xx range. Sone food itens
may cook well at all or various bands mﬁthin the entire visible range. So,
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cooki ng, heating, drying, searing, dehydrating, processlng,
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wavelengths Wthh can be highly programmable for a wide range of end applications.
The invention teaches a new and novel type of infrared irradiation system which is
comprised of single devices or engineered arrays of most preferably digital semi-
conductor based, narrow wavelength radiation emitting devices. At least one variant of
such a radiation emitting device will be specifically referenced later in this document,
but, as will be discussed, many types are applicable and implementable to practice this
invention, depending upon the application.
[00198] As was mentioned above, whether in a conventional toaster, cooking oven, or
general purpose oven, resistive heating elements or gas heating elements are typically
used to convert electrical energy or petro-chemical products respectively into various
forms of heat energy. In contrast, the present invention employs digital diode
semiconductor devices (or similar devices) that function in a very different way — they

produce energy at specific narrowband wavelengths. In at least one form, they utilize an
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referred to as its absorption curve, is inportant to fully optim ze the
practice of this invention so that narrowband wavel ength(s) can be chosen
to perforwothe/feemwtii ng as desired. The invention can al soThs2@antédesil arly
advant ageous when the target is desirously processed at higher speeds and
est abli shes a non-contact relationship with the target. The invention
provides for an infrared heating system 01(‘j sel ect edf nar(rjow vviavel 1engt hs -
whi ch can_ be hi ghl rogrammabl e for a wi de range of end applications. e
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[00200] By way of further explanation and focusing on some material science
fundamentals, all materials have unique and characteristic “molecular absorption
spectra”. This spectral absorption data is usually so unique to that specific type of
material that its “spectral signature” can be used to positively identify the material even
if the sample size is so small that it cannot be identified by other features. The complete
“spectral absorption signature” is a composite of absorption measurements at each and
every wavelength from UV to long infrared and indicating the exact amount of molecular
absorption propensity that is characteristic to the material at each wavelength of
radiation. The absorption spectra of a material indicates at which wavelengths the
material is more or less likely to absorb radiant energy, or the converse, transmit radiant
energy. In other words, the converse of high spectral absorption is high spectral-
transmission. Plus, if a particular target material that is to be cooked has a high spectral
absorption at a particular wavelength, it has a correspondingly low transmission at that

same wavelength. Conversely, to the extent that it has a high transmission at a
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differently. They do not follow the rules of Planckian bl ackbody physics
and can inherently only be manufactured to produce narrowband or a narrow
range of wiewveloergichs. The substantial difference i s becausascheyp2@se direct
el ectron to photon conversion devices which follow the rules of quantum
physics according to their specific design instead of radiating photons as
a function of their heat. [00200] By way of }‘urthfalr expl ana'ltloR and
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mode including power supply considerations, cooling considerations, and others. One of
the others that is notable for discussion here is to implement them in the pulsed mode
such that the electrical current pulse is many times the steady state current rating in
order to get an instantaneous radiation pulse of substantially higher intensity. By having
a higher intensity momentary pulse, it is possible to penetrate proportionally further into
a target item than would be possible with the lower intensity steady state output. By
using this technique it is possible to reach much deeper into a food product that is being
cooked even though the overall integrated energy over a unit of time may not even be
as great. This may be an advantage from a cost standpoint in that lower-powered
devices and smaller power supplies may allow similar penetration depth to a bigger or
more expensive system but on a lower product cost budget. Many times products such
as bread and potatoes ideally should require deep penetration of the radiant energy in

order to cook them quickly but properly. This is an important additional tool available to
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match to the absorption characteristics of the target. Yet another
technique is available with the present invention which can provide for

addi ti onavodemt2wii process or cooki ng penetration. ThePdirasessioossss above
have been regarding the inplenmentation of digital narrowband

sem conduct or - based devices in a continuously activated form such that they
woul d be turned on and function at sonme level up to their continuous duty
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heat qiHdrh5io88s ah8 1588 diodes must be aimed or directed so that their radiant output
either directly or by way of reflections or refractions impacts the target to be heated. In
addition, by carefully choosing several specific narrowband wavelengths and actively
controlling the time and duration of each emission, the depth to which the radiant
energy penetrates can be predicted and controlled, whereas the broadband emitter
does not have this type of control. They are fundamentally omni-directional emitters
which must have reflectors or reflective coatings added to their design in order to allow
any directivity in their implementation.
[00204] To expand the understanding of these concepts further, it is necessary to
understand some fundamental facts about the semiconductor-based irradiation devices.
They are available in several different form factors any of which could be suitable for
some implementations of this invention. Narrowband irradiation diodes which are
typically referred to as light emitting diodes (LEDs) or can be referred to as radiance

emitting diodes (RED's) when they produce radiant energy substantially beyond the
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regard, resistive heating elenents are typically multidirectional emtters
in that the entire surface of the elenent emts broadband el ectromagnetic
ener gy whwo 28upipkiced with el ectrical current. This nmeangCrhstoionkessa
relatively small portion of the radiant energy is actually directed towards
the target material to be heated, toasted, cured, or cooked. D odes or

| aser diodes, on the other hand, better facilitate being ained or directed
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an absorption characteristic of a particular material or group of materials. Also, because
of the inherent nature of reduced efficiency of pumped lasers, they are probably not as
ideal for use as semiconductor-based lasers. If, however, new types are developed
which overcome these limitations, or if there is a wavelength available for a particular
application, they could be used to practice the present invention.

[00206] Some of the other important narrowband irradiation devices which are just
emerging from laboratories, but are ideal for practicing this invention, are LET's and
transistor photon amplifiers. Although light emitting transistors (or LET’s) are a new type
of semiconductor device just emerging from the laboratories, they hold great promise as
being ideal devices with which to practice this invention. They hold the promise of
creating or dramatically amplifying narrowband irradiation in a manner which is efficient,
controllable, powerful, and possibly even programmable. It is possible that they will be a

powerful narrowband source of irradiation whose wavelength can even be controlled
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application for which these diode-based devices will be used. [00205] Wile
it is anticipated that the sem conductor-based irradiation devices will be
nor e i deawvoforo/tobx1i npl enentati on of this invention, theCceus2010m26438
fundamental reason why other types of |aser devices cannot be enpl oyed.
However, while |aser devices may pass the qualification of being narrowband
on sone |level, there are other commercial and technical considerations
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fundamental substrate out of which the diode devices are manufactured has a great
deal to do with the ultimate life of the device. For example, diodes shorter in wavelength
than approximately 1150 nm typically use a gallium arsenide wafer substrate. The
manufacturers of these devices have struggled to get the extended life beyond 12,000
hours for higher-powered applications. Longer wavelength, high-powered diode devices
with wavelengths longer than 1200 nm are typically manufactured with an indium
phosphide wafer substrate. Devices based on the indium phosphide substrate can have
a very long life which can be in excess of 100,000 hours. It is often, therefore, a more
practical choice for industrial or long duty cycle types of applications to use indium
phosphide-based diode or laser diode devices. An engineering choice may sometimes
have to be made as to whether the shorter wavelengths have a great enough irradiation
optimization to be chosen as opposed to the longer life indium phosphide-based

devices. This generally holds true for both LEDs and laser diodes. These devices are
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the critical near infrared and md infrared wavel engths, they can be

manuf actured to whatever specific wavel ength band is desired. The wall plug
ef fi ci encyoabiwtoeesdevi ces is growi ng with each passi ng yearus2dalokeaps ug
efficiency can be defined as the ratio of electrical power input to the
photons of output. It has becone quite good in recent years, and is
anticipated to continue to i nprove. For exanple 975 nm | aser di odes, which
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docunent, highly effective cooling is probably the nost inportant way of
ensur i hgereadi§dhrag eenditipns that ganiexiss, therdipde ishbeyons the edgeaefthei mpunting
vways of, AldeLeid BRdLNsSet bABk AdnF i BEGE bPthe mounting surface, or the diode is at
an angle to the mounting surface. With any of these three conditions, photon energy
which is exiting the laser diode facet impacts the mounting surface. The resultant heat
rise causes either a gradual or a rapid degradation by overheating local surfaces. As
various local surfaces overheat, they cause a variety of breakdowns including
catastrophic laser diode facet failure. Once this begins to happen, the diode basically
starts to self-destruct. Similarly, if the laser diode is being mated with a fiber-optic
photon guide, it is important that it be precisely aligned and that it not introduce surfaces
which can absorb energy and overheat or reflected energy back to the laser diode or
into the laser diode. The same care is important at both the entrance and exit ends of
the fiber-optic to prevent overheat failure in the system.
[00210] There are many applications for which edge emitting laser diodes either
directly emitting or emitting into a fiber-optic photon guide will be the most desirable way

of implementing the technology. There is, however, another class of devices which
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standpoint, it is nearly always necessary to nount the devices on a circuit
board or heat spreader that can hel p spread, dissipate, or conduct away the
excess hex0.20{0002859] There is anot her fundanental aspectCcrastéie/esgs neeri ng
of | aser diodes which can make a nmassive difference in the service life of
t he devices. The nost comon failure node of |aser diodes has to do with
the way the energy exits the device. Wth edge emtting | aser diode
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c
in the art of manufacturing and mounting laser diodes will understand the other

ramifications that are important in implementing these devices to practice this invention.
[00211] Although narrow spectrum devices can be useful for cooking at potentially
many different narrowband wavelength ranges, it is important that the devices be
applied according to the teachings herein for optimal results. The central wavelength of
the narrowband output devices should, and in some applications must, be matched
carefully with the absorption spectral characteristics of the target for best efficiency and
desired results. For example, if surface browning is desired, the center wavelength of
irradiation device should be matched to a wavelength at which the material or mixture of
materials out of which the target or food is made has a very high absorption.
Conversely, if it is desirable to cook the target deeply, that is to say with deep
penetration and well below the surface, then a wavelength should be chosen for the

output devices which match a lower absorption wavelength for the cooking target. Thus,
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overheat failure. Generically, any type of device which has an internal
structure which can reflect, refract, diffract, or otherw se redirect the
col um ofwbaaiomg2mhot oni ¢ radi ati on out the front or baekTdasediaoesses t he
device rather than out the side of the device would qualify to fit into
this classification. U S. Patent Application No. 10/264,534, filed on
Cctober 3, 2002, is one exanple of such a device. This shows an indivi dual
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that is to say with deepggenetration and el ow the surface, then a
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desirable to incorporate an additive into some of the materials to artificially induce
absorption peaks as required.
[00213] Another aspect that must be considered by the designer who wishes to
practice this invention is the following. Absorption and its converse transmission have
been discussed above. What also needs to be understood is the scattering or optical
diffusion properties of target materials. Bread dough, for example, measures and is
highly transmissive (low absorption) at 950 nm. While this is true for thin measured
samples, it is also important to understand that the calculated transmission distance
before full absorption occurs will be misleading if scattering is not taken into account.
The optical properties of the dough, in its uncooked state, will cause substantial
scattering of the 950 nm photons thus changing the penetration depth before all the
energy is absorbed. This might be thought of as internal "micro reflections”, which

effectively change the direction of large numbers of individual photons. Since this
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devices will be used in concert with one another. Since each narrowband
wavel ength range has its characteristic absorption or transm ssion for each
of the tawvgeviovmemii als to be processed, it will be inceobarstowpedst he one
who practices the invention to choose the m x of wavel engths that optim ze
the application. Oten incorporating a door and wi ndow concept will bring
additional functionality to the invention. This nmeans using a wavel ength at
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expected if one only looks at the absorption coefficient.

[00216] If LEDs or laser diodes are the chosen irradiation devices, their output
wavelengths are fixed. The only exception to this is that the output of some solid state
devices varies substantially with the temperature at which the device is operated. This is
determined more by the design of the solid-state device than by any other factor but it
can be significant in some devices and insignificant in others. They, therefore, must be
specified and manufactured with the anticipation of what kind of product target is to be
cooked, heated or cured in the oven that will be equipped according to this invention. All
this a-priori knowledge about the irradiation devices, about the application, and about
the characteristics, dimensions, and spectra of a particular material to be cooked,
processed, or cured must be learned from much experimentation and testing in order to
practice this invention most effectively. When designing a cooking device or oven to use

this technology, it is necessary to experiment specifically with the types of targets that
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required to understand the depth of penetration that will actually be
effective. [00214] Anot her phenonenon occurs as sone nmaterials are being
heat ed. Dwoghioifo2ad6iri se or ot her nmaterial s whose physi caCTase@entdses change
as a result of various exposure lengths to heat, will denonstrate a change
In penetration as a function of the material properties changes. For

exanpl e, as dough rises into bread, gas bubbles formthe famliar |ow
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sone deV|c sighificant 'in others ore must

speci fwavielanglthrrahwhwhtthueemthm iish highdy Hahsmuqcsale ttmmi‘rradlmtonkdmic@é npuisichect
target is to be cooked, heated or cured in the oven that will be equi pped
accorcﬁ*mfef1 GCRIANgMyention. Al this a-priori know edge about the

i rradi o9 dgusces. trﬂ@%.ééﬁ%fa«nabéléﬁ@thgn.s «'smeoﬁgﬁwt.ttQeaugbarna,s&%msw cs,

di rensions,” and spectra of a particular material to be cooked, processed,
or curmﬁefat@mdbbowﬂmeneueﬁgyom beiop @&lp@redwﬁmtaeutaurganc&n@@tthagwarmwbm to
practice this jnvention nost, effecti i en.desi gni ng, a .cookj ng,devi ce
b “oveltaplatigd ViR e ERmABSS aive, R rEnuY Sy SR sBhER RoFTPAlER A Ty
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characteristics and scatterlng as well as the size, weight, desired cooking
tinme, teri@ersedudedheamiteutdsdsriliagt phetonicenemgy whigl cani ksnfacusad similabnid der

whet heg o3y 5 B8lofe MGNSE RAAGRG S AHG1HsEs! Rhebdfs G8RYERSS, fiber optics, prisms

and other similar devices that are specified for use at the chosen wavelength. The
above devices can be used in a fixed focus arrangement if it's a good solution for the
application. It may also be advantageous, in some applications, to take advantage of
narrow band emitting devices that operate to produce bands of energy that diverge as
the band of energy reaches the target food item. In this way, improved coverage of an
item or a surface being irradiated may result. Also, in appropriate circumstances,
delivery of the narrow bands of energy may also include the delivery of narrow bands of
energy from a broadband device that is filtered to achieve suitable narrow bands to
implement the present invention.

[00218] Since many of the applications that will be implemented this invention will be
configured to produce relatively high energy density with the narrowband devices,
safety is an important consideration and is somewhat different than with conventional or

analog cooking systems. Although it is expected that narrowband irradiation may be
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chore or whether it will require a mx of nmultiple different narrowband
wavel engths to achieve the desired cooking results. If nmultiple different
product s woeotoobmicooked simultaneously, then it w il eCras2oe/otdse that
mul ti pl e narrowband wavel engt hs shoul d be chosen for optinmal results. If
the multiple products to be cooked share sim | ar absorption features, even
If it is only at one pl ace on the absorption curve, then it may be

reasonabl e to rrovvb vel th ra s sa actory
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andS {ohfRbRIED thdfInB H%EBhokAY e fer 5AA2A8 lerBidieh SR sOfnet Himner

appl i cations e 1 nplenme s invention wl configured to
pr oducneotaeechswettyat humarerm‘mqumatssawpmtedted fremdiredwiraefiecded iradiatiosdf et y

is an | nt con erat,i on i S. somewhat diffe ent th

convants Baal &b ol EauRen 1S rockind CRMRGwh suEh & et ot B ogr or
nar r onwhedrdsi éér@'t@@p@ﬂeﬁ&habﬁté@?ﬁ@ﬂ"ﬁrﬁ% Irﬁmteh%te’lysétﬁk &ff I@ﬁéé st Widely
practice this invention, it will usually be nonvisSible radiation or use of

non- vi Blieféreed bicansomesnieeh® able ionviewdheirfeed ea itsip@eopking, mdst better ovens
incorporate some form of interior illumination. If a window or viewing port exists to allow

visual access into the cooking chamber area, it should incorporate some form of
filtration so that visible light of reasonable intensity is the only radiation that is allowed to
reach the viewer. Of course, there are many ways of implementing this but it is an
important consideration for a good and safe implementation of this invention. Perhaps
the simplest form of an implementation would be a filtration window which would
incorporate a visible pass filter. As another example, a reflective viewing path could be
designed for appropriate situations whereby only visible light would be reflected through
the viewing pass to the eyes of an observer. A camera and display may also be used
as an alternative to view the inside of the cooking chamber. Regardless of what
methodology is used to create a path for visible light to an observer, it is a good idea to
use a metal or other type of door which will not be easily overheated by the radiation to

block the path when viewing is not taking place. It is very reasonable to have a viewing
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the radiation is non-visible then the eyes' normal blink, |ook away, and
iris closed-down responses are not triggered. It is not possible to see the
i nt ense rwdi2atovomeihat will be present in the cooking aPea/USThe/ n:as

i nfrared wavel engt hs bel ow about 1300 nm can penetrate through the cornea
and all the way to the retina of the eye. Above that wavelength, it is
general |y accepted that the radiation cannot penetrate to the retina Thi s

regi on er than out 1300 nm in vel th is. sonetines call
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reflected through the viewi ng pass to the eyes of an observer. (
di spl athatraysuitabte userustadfage conlditaker ayariely afdfornewndrrovideifae usér tnipat of

k t h ath
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the path when viewing is not taking place. It is very reasonable to have a

vi ewi np&eed doaim e Wd'ﬁm@he@ﬁéﬁ‘mﬁ asgeuised o tripdigtedhe tanget.i Foraenagoplen but

turns fe 88ulithEhhts sbVoLl! SHdiMho&tbP Mounted mirror which reflectively redirects
one or more laser diodes’ energy to a target.
[00220] The sensing of the target as described above can be done with a variety of
different off-the-shelf componentry. Temperature sensors, infrared sensors or sensor
arrays, moisture sensors, pressure sensors, color sensors, weight sensors, sniffing
sensors, color or grayscale cameras, infrared cameras, spectra photometric sensors
and others that would be understood by one skilled in the art of practicing this invention
could be employed to gather sensory data about the targets to be heated cured or
cooked. Certainly, one that could be in the mix would be various types of smart visible
light or infrared cameras. A visible light smart camera or other intelligent camera-based
system would have more flexibility and more programmability than more traditional
sensors. If properly programmed, it could actually verify if the cooked appearance of the
food or other target item is correct. It is it is also possible to use the camera as a device

with which to close-the-loop to dynamically adjust, optimize, and correct the cooking
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[00219] Additionally, it is possible to dynamcally steer the energy by
first sensing data about the target food. A partial list of interesting
dat a woulwoheiwtoe2esi ze, shape, quantity, food type, thi ekmas3)10absies ption
spectra, as well as the orientation and/or |ocation of the target. If the
food or target itemis being traversed through or past the irradiation
station, S p055|ble to continually feed information as to the speed or
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within a cooking or irradiation zone (not shown) within the oven. In some forms, it is
recommended and often necessary to have the safety system 102 associated with the
viewing window 120 or area of an appliance that is utilizing narrowband irradiation
devices as a method for its operation. The system 102 protects eyes from possible
damage by exposure to your radiation from the devices. Depending on the wavelengths
used for a given application, the power required for effective use and appliances could
be such that direct or indirect reflected exposure of the eye or other body parts to the
irradiation could cause exterior eye or retinal damage. The safety system 102 provides
not only an operational means for protection, but also a failsafe system in the event of a
malfunction or misuse of the appliance.

[00223] The viewing window 120 is designed, in one form, such that it would always
be closed to contain the irradiation when the narrowband irradiation devices are actively

producing irradiation. A safety interlock may be included in the circuitry such that it
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actually determ ne the exact heat content of the oven's target or food
itens. [00221] One inplenentation of the contenpl ated cooking technology is
i 1l ustratwod 20ro/eur es 12 and 13. As shown, a system 10@CTaSstiomec4ds two
states - an "open" ready state (Figure 12) and a "cl osed" operational state
(Figure 13). The system 100 may take a variety of forns, including that of
an oven or a toaster. In at Ieast one form the system 100 includes a
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shutter |dec nt ai_n t of ,the irradiation S em | n at
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al so be provided as an alternative to or enhancenent of the door 101

t he do®PeragenFi gures 14(a)-(c)). [00222] Al so shown is a view ng wi ndow 120
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nanoseconds (should that be required) and can be configured to emit a consistent
amount of radiant energy regardless of external conditions. With slightly more
sophisticated controls, such as control button 130 (and associated control system),
toast or other food items can be created repeatedly regardless of the sometimes errant
chosen consumer settings.
[00226] Although not specifically shown in Figures 12 and 13 (but shown in Figure
14), a control system of the subject system will allow for advantageous operation and
cooking. It should be appreciated that the control system (and other appropriate
components of the system) may take a variety of configurations. It may utilize various
software routines and hardware configurations to meet the objectives of the systems
and methods described. Various processors and memory devices may be used to
execute routines and perform functionality to achieve the embodiments described
herein.
[00227] Due to the semiconductor nature of the of the invention, the control system

will optically sense the doneness of the intended object, through the viewing camera
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producing irradiation. A safety interlock may be included in the circuitry
such that itwould prevent the door from being opened and the narrowband
devi ces fwormtwiozzyiener gi zed at the sanme tine. Sensors, psudais2@as/ os@ssor 108,
verifies in which position the shutter is before the irradiation devices
can be activated. These shutter nonitoring sensors nonitor the position or
status of the view ng wi ndow shutters, and thus the status of the

t f th di at th , fe t all .t d
opor at 120 tqroesmplehart afbih . soldsiale) Mdiaton daetesriar BbiRassionsuel on
130 ”aﬁmﬁr@(%ﬁan‘éﬁf/' EB\X/ePf ah@'dSmplERMRYST By 'Mc@ﬂﬁréﬁﬁ%" peﬁna dorntr’oiS system

operativel’y connected to a cont rol system (not show) for contro
vi ew nwhmné@%s tioBeathe cardral loeplivith tespdet/ te dse (@chial Sookimg musfamotheokl ng

ith t t 00225 l,, t I a .ve basi c
anbi enneTRB S P e B ok ReTigR) aRIASeahgr th TBl<Eheuef RLDLEMSIAenal
the tos&%@geﬁémﬁ@wmﬁ%o@ao@t@&ﬁé céﬁ’t&ﬂl'cﬁ%ﬁ%ﬁar%edétéﬂ@d heggil |y a dial

mar ked 1 - e exact "doneness t oast” depends on the accuracy of

this dl00228] hé\ respedt e®ntrolt pySens alse nfgcwtaies ameayi othesncapabilities. t lhecan

Cermper G0 I Rnigel  GUERF: el of SHRFRRYY o 2iheP el HiRvme "0 anersent

hand, sypsteme. coBucP! 4 esystomn cbaldnapasmaniede (5haot xahiile bar naler Relisend
can be configured to emt a consistent anount of radiant ener gy regardl ess

of ext aviematioantlsteransThisvnoh ogly gan f3cilifateca yugnirange f rograntmabilty kulch as
cont rohexnll'% 98 of 3o dﬁi?ﬁ’\g {g{%ﬂf’ikﬁp eXSm Heo ! ﬁ/?t‘@{iﬁcmwurélg EoRflm@li Qgﬁorf ﬁmgen

items can Create regardiess o e SOI’T'E I mes erra

consuneould ket faoifitated GoaLHIe é&lméwglanmas Sqlmeﬁhén saiisb¥s H*ﬁ@\ul’e gﬁedFtcghTo@ﬁiorlZ
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that t @%xﬁﬁgferai diStsh} ﬁarn(@@cwéhh_e/& t@@ﬁ%@ﬂrd@éo?n&ﬁgp%ﬁ%ﬁwﬂ cht.t;gcgc%xé& i
t may utl

may take a variety of configurations. 'ze various SO
rout i nthe kitathehacalidh déspiayn Bin gonegei sj'mwi bg the eboking progesstsi vEkisafouidindydd ens
nd met hods de

e T L SN A G IR R W PRENCE S

descr i §@sh.hah@y R superior even to havnng the traditional viewing window that many ovens
have included for watching the cooking progress. Often, the view angle and illumination
are less than ideal for the human viewer to view through a window and it often cannot
be viewed safely through a viewing window while irradiation cooking is proceeding. By
utilizing the interior cameras for multiple functions as described here a safe, enlarged,
and more convenient view of the cooking progress is possible. It is reasonable, with
technology that is readily available, to send the image and/or other cooking data by way
of Bluetooth to a cell phone, PDA, iPhone or similar device.
[00229] Another important sub-function of the control system is to supply the electrical
current which energizes the irradiation devices. The power supply must be a DC power
supply which is a current controlled power supply. The devices themselves are digital
devices so, once they turn on, they will flow as much electrical current as the supply will
produce. It will destroy the devices if the current is not limited to a level that the devices
can tolerate.
[00230] The radiant energy output of the irradiation devices, or diode arrays, is

fundamentally “aimed” or directionally emitted photons, e.g. toward the food item within
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[00227] Due to the sem conductor nature of the of the invention, the
control systemw |l optically sense the doneness of the intended object,

t hrough twe 2vioemeeg canmer al50 (for exanple) and adj ust trhe/usedlivd2aBat e

i rradi ation devices for at |east one of timng, intensity, power, and
conpl eteness. By incorporating such a control system which does cl ose the
control loop with respect to the actual cooking results, another functional

d t IS, i,zed d ilable to the i | t f thi
t echndleGgORBE AT HRAERGRHOBS GiHNersYSIRDI 190 o [9e B thecherbpRERM 190 ar o
det ai ligdudes & Pariét?ogfzélﬁe?eﬁt”@{r&ctﬁpéstée)frélterﬁ¥st eqR P ofr%qéet fﬂéa%ir%@gyoﬁ’t her

capabilities. It can conmunicate eith wred or wmrelessly to e
r el at gi¢viogst dhe specificdepdigdeatiorsgbsachs a2 Suctural systeemaiibuény oy mpplicatane t o,

Lo Goa8E e sl aBoRed SBopSE Radiethn, d0uRe Bt B HaGdad SIRVIRNY or
exanphg, the Wdyedner wollE!ess BTy NiGRt 58ircbsNK RéRdctbrae 1678dd | aiﬁﬁ&%ffsr, om

the canera, caneras, or other sensors that are used to nonitor the cooking
t o maKefragiars, isplidersoand diber eaticoareaathiviable ways of stearingi thpl ragiant leaergy as

' i_St. N AL i Si i whi ch
< odBe G Y eriPR) bhRR LR I cntfes AAehh BoflinGils ARRER REASEBILY & ©
pr ogr empleniéntatic® bedaiuses thisitibars camdieerafly dBRvéiokiaantidndet@y fféth £%agK €,
of a pizza that is being cooked in a closed oven. This is superior even to

havi ndesaiddiodetn ajusing lagatian Aatisfabawerar ifemyertirelysdiffarant ienyiradeent or
L ! : ety . g

'ase 19ehoRCIEANhOR HePRiser Rriodd i bealdRE Mgt 8o Hofe 0 HOMSRR ntthaft <,

cannotthére igizesebstantial goupting less wheh euimg froh thaenoudput €adet Ichdh@idsur diedki Ng

IS procegﬂ%n . By utilizin he int Ei r.cameras for nultiple functions as

descr ™8 ra Regardless ofr theopt, Y AL éeghaeioqy; st é3 chaserobiieg
Dol Spcading Hefwalo istarf gttty i b RN GA iR ool BRL o, 1,
to a dewll efficiently RipAiver Breonadiant eneigyaat thevcorect] iB62REY, Anglehandi lopatioant
wh oh Yeiege of sdieaRd. et SomoiERi b SR8 Maae chyahlAds ok keapias &
pover sli@PstateMticihbesS aAdC BN NEoMPBhERLS! B8P MKy SERRISEd T@%;fbﬁ‘&!fjg&% or

thensel ves are digital devices so, once they turh on, they w oW as
much &patamingals afihe éond, socess, supsogtswi | | produce. It will destroy the

devi Ce[%o'b%ﬁ h‘?n %HB{h%?tforjn?, ipfgtpolsismlet ?odmtb? o‘r"‘inltgélr%ke {hréag)retsgﬁt i(rjw%ri]t?oenss digital
semiconductor-based narrowband cooking technology with more conventional cooking
technology. For example, it is possible to build a multi-wavelength narrowband oven
which also incorporates microwave cooking power. It might be desirable to integrate
resistive type or quartz cooking elements. It may be advantageous to use a microwave
stirring fan as a narrowband wavelength scanning or scattering device so that it
performs multiple functions. One could easily see how it would be possible to have
many different combinations and permutations of narrowband oven or cooking
technology combined with other more conventional methodologies to gain the best of
both worlds. Sometimes this will be a market or consumer preferences consideration,
sometimes a pricing consideration, sometimes a compactness or floor space issue, but
it provides enormous flexibility and functionality to combine the present invention's
entirely novel concepts with some of the more traditional practices.
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can tolerate. [00230] The radi ant energy output of the irradiation devices,
or diode arrays, is fundanentally "ainmed" or directionally emtted photons,
e.g. towawdwtwotwad item withinthe cooking or irradi at ipom/useene/ ood43s he
system 100. In this regard, the oven system 100 includes a variety of
different structural systens to support or house the irradiation devices.

The specific configuration of such a structural system wi Il vary by

appl i the output of th or used irradiation

devi ci&%&} b@tﬁshap%n% “P%ISV?G%%Q%P‘&W gweuw)e gervarBolpss ?B%G'I“P&ht
SOur CentrBRf '? rﬁey bENRER: t?%ﬁé bRESOIGaté Thé es&aﬁg withPthkldrir Bt)ber
optics are all viabl'e ways of steering the radiant energy as r qU|

gi ven th@dbvmatoraiewdéstmr thaxbbptlmumiuea‘nn@nam woagr. dinsitechaiquil |emdmrp0nayed 0 an

1 om 1 e Sartoadset TR Al mAnk PBRrank e whldene spCld,Gar ©

enti r gewdlichéRFLHr BIBHIT S8HBRrs b hRFAL i nfa"n%WHMﬁ%r Belibss lid @g"th@'d&%cts

| ocated. There is, however, a downside in that there is a substanti al
coupl iofigntagion Wemraghﬂtr@ asodesires. oGopvarselycdhe dbodher itarget igetideouldtloe t he
fiber s of the tical .t gnl gue or technology that is chosen, if

t he oﬁlefvo%%"ﬁ‘t\% eeﬁ)dre% téoq g”%’?? ?l@‘ed correctly and coupled with

cr eat i[ge233nf Ilggh@muomse be apbldcistbli thhe i ofiftbl ¥@stefrhfor SifiRRtdeSARY By at
the correct intensity, angle, and |l ocation where it is needed. The right

conf i dovtng)oef thel BX%H'T@E% ﬁ%ﬁ@mshée%ﬁﬂb&ﬂt iy atdeateens fgm.hwillsbe iapesatiesto
d
ot SERaR0 R S WTIRIS JRBEE, OGRS drbluBE B G5 Blsiepaiy

S powdhbrevtd@ differemt typfé@gf aloglutdtionftoethe rénergy.e Thisomodlutditiohtdfl the energy

sem conduct or - based narrowband cooki ng technol ogy with nore conventi onal
cooki ?ﬁ&nqe e feost itespax be pased 96§§iebl"§efféc%l§f3ﬂ@9§ QRUNPYL, wYFEMengt h

narr oy p& e&rg\megé}sa&s& gﬂFQH?é?ﬁ%E?ﬁ) tﬁle%rygi’é@f{e cooki ng power. It m ght
a

be desir e to Integrate resistive type or "quartz cooking elements. It may
be ad\[am&ﬁeo&nd:@theswsebermmm@mwe opera‘ces imga fsaferalsmavmmglemmﬁedfevmcbtmgt h

scannln or .scatterin evi.ce so that rforns multiple functions. One
coul d ATy TEEY Fows Textamtivelyod sBals IRy SYRRY R st dnere easily

e oA b i AT A ‘?fﬁg“g. oy He

bot h \etermis. oSarghanes cohnectian.| hbe ainerddt pcﬂcum@rmsmfnepntnolefoérteacdgutal

consi d%r %wband devices and the potential for connectivity of this type of device will lend itself
to wireless connectivity, either standalone, or as part of a whole house system.
[00235] In a further implementation of the contemplated cooking technology, a system
and method is designed and operative to cook pizzas efficiently, as schematically
shown in by Figures 14 (a) through (c). As shown, the system incorporates a
conveyance means (20) to transport the pizza into an out of the cooking chamber (30).
The pizza would ride in and out of the cooking chamber on the open mesh type
conveyor belt (22) which is perhaps approximately 98% transparent to the irradiation.
When it is time for a pizza to be taken into the cooking chamber 30 from the queuing
position 23, linear actuator 12 will be triggered by the control system 15 which will lift the
door 41A to allow access into the cooking chamber 30. The control system 15 (which is
operative to function as described herein, such as in connection with at least Figures
12, 13 and 14(a)-(c)) also may include a user interface to allow a user to input settings

or parameters for cooling or operation. These may include any such setting or

60



sonetinmes a pricing consideration, sonetines a conpactness or floor space
I ssue, but it provides enornous flexibility and functionality to conbi ne

t he presewD 20rvieedsiion' s entirely novel concepts w th someTafS2410026468 €
traditional practices.[00232] QG her options for the system 100 i nclude the
use of servo-nmotors and renote controls. Servo may be used to tine or
coordi nate the cooking with the energy output of the device or devices so
that o tlnu heatin ' [

Thi s technique is i porated in the pizza
applic ATAGEIBLPUAR a5 Replng '&u%wpé?atv@r Emdqmset%%ﬁennf&ﬁec%éenaoru@
Servo pmidkss &rcddtﬂﬁ%gstéﬁ W'Qgﬁﬁtsthé%@iPMgAtHH% s@éﬁee;m ?%ﬁb&eﬁw p og1t

correct orientation Irradi ati ng as desired. Conv rse the
t ar get systemal 15 owilll attbates motare di0 i tot statthdriviog rtbetcarweydn aeltdnmandesb ads dxm

00233 l.d al. .eci h . I m |
ev ocbaiver e rigsd oftS: e ERGHRT Heithdinad aclfiBolls Mot abrBaate: T r m
will b@om@batue%ezszqam@n% td's&apmté%w <§Bdk|r$§ chfber 36l #d eBmerhanmgs t he

anplitude, "vary the wavél en and provide different types of nodul ation
to theccaﬁmugi)y taking pieitiogsamhd afe bringeavalyyed ¢o riptempoe the pdsitidroofl the ens

b d setfi put., . tt
pay aneberd. - Grog, T ploBtind EhER; bR BB balk: ol ettt Aeghsoem
| nher egéteympieethat €5 bixza FRieih, theoysrtt tpa@fionator $dbRInGNE sighallls sapfifioph ed
nmore extensively, a renote controlling systemcan be nore easily included,

whi ch G@meraapP 4 thacoatral axdtem b5 indigatingethatithe giezanis ivfthegaarest egsition: t
vi a ”‘?%é '&bﬁfrﬁ?%s%m\?\k@Qg@ﬁﬂggwg?\tek?g TH% Qu%gr Wﬁucﬁﬁ%% ?ﬂmoéff%%'té ol

of th Vi ces and or ‘connectivity

this tj/(n)ethoé stepping the bizzbendhetceaiebt bosw)n efdneé@om:ﬁmwcwypbw thietduitrol
standal one, or as part of a whole house system [00235] In a_ further

i mpl enBfit %m?ﬁmaeﬂuaf tRelCoriPBRgI SAENER IRT th dexthih Y \ActatagsingarAfUAet hod
i s desi t z e \ C

shonn |5 EyC o Ao, ¢ RAOEaRd RS L B hina RIS et o 4
conveysystemntaimgli¢R2iDy ina failaafepeay thatedgorz&BA ismtompletalytcladed, hiee saplal hy

opon i 3%5&5&%%%%‘@’5@\@2@%% g7 e g PRSP RaERaBappInt

tr anspauifiy tHePcddMind Ey@8ish s tbliiftl fodrl 41 BQrseﬁscﬁ’t‘sZ‘F?At ShdgelEpd

I nto the cooking chanber 3 from gueui ng position 2 | near actuator

12 wi | comsimuaily @@m‘n@dnbyta h@sm@mandlwn!iya@mdm sinahta honirdll syistérm toheequiring
an immediate shutdown of all irradiation until the condition is remedied. Thus, the
system, including the doors, provide safe containment of the irradiation within the
system.
[00236] With the doors closed and the camera’s algorithms satisfied that the pizza is
in the correct cooking position, the control system 15 requests that the camera 60
indicate various aspects of the food item, e.g. pizza, such as the position of the pizza
and the position of the food ingredients which are on top of the pizza. It further asks the
camera to identify the types of food ingredients which are on the pizza as well as the
shape center of mass and orientation of the food items which are on the top of the
pizza. It will further ask the camera to identify the color of each food ingredient and of
the crust, cheese, and sauce. The camera 60 could also be an infrared camera such
that it could determine the temperature of each food ingredient which was identified
above. After the information from camera 60 about the above items has been received

by control system 15, it will calculate a recommended irradiation pattern program for
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door 4 1A to allow access into the cooking chanber 30. The control system
15 (which is operative to function as described herein, such as in
connect i omowntohoate1l east Figures 12, 13 and 14(a)-(c)) &csarsowy/oedics ude a
user interface to allow a user to input settings or paraneters for cooling
or operation. These may include any such setting orparaneter such as

cooki ng tine tenperature, food type, etc. Wien interlock sensor 14

i ndi cates.to,control éﬁten115 has been co

A,
T o R rS] Iy ReEt T3t the EaaR0 irdRI0n Rrasamn oMl SYREM he
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30. Wiile the notor 10 is running the conveyor belt 22 taking the pizza
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fromcanmera 60 to t | system 15 indicating that the pizza is in the
cor r ecassesiated onith the ewntralosysigmr dm-18 maycalses acerssnexferencsp infarmation

progr t

P or P e TBNAG e b Belti NGl maf e retllingh HeaBl @ BPUandlfady 3t e lal8rs . o
t he clmsunting pasidos ¢ bqramélﬂadmpur@ tbAbé)yo@KdeaWese dorreetion fedtoidtwill alsd

whi ch cl oses the door. When sensor 16 A and 16 B handshake with the control

syst enh@d¥ paef @&velﬁgeﬁ iren rapeargh angagxRafkneriatien 4o IRln eprimirs BeetaPkidsed,
the si Qgé}lthﬁ'ﬁ’ énh e BSttdiA iR &?’(h&ﬁ)uﬁa"ﬂ?ﬁgnép é f?)%ﬁ' d 8?’[0?5%9{# dghér.he
rrn e co g cyc g

cl osed position. at any pol nt e an egi ns
to |ifthaddbe Masmﬂ\dbegbeassiaadérﬁ éoGlinl bﬁo@am wnbbetdetaahingdnﬁ)n|tlh@rb|0|ttgm' ts

it d | .t .0l I di at
P hut doviie ofomi pothy Joak 4 BRI e Hisknesboiabratisno At i have e
systerrh.taanfédJﬁ e %rélepr'ﬁm Eém\ékéjéo%fl%a%%&l a@nttheOé.aHé%eﬁ S Rdi gE2Pn

W thin the sys 0236] Wth the doors closed and the camera's
al gor i tohtre smtr@lfssyﬁaemhhﬁ in e padiea step iso thaé daéarvetttalmdyub@ ppesgrtiang t he

contr ol 15 re uess ht the c ra 60 indicate, yarious aspects of
Che. 1 CREEDlsordlag. A BRtBnal Batdrd eqi B HC veans pemn et 03 ARRRE o
posi t i §ehsebs.ths é)@h@blé nmt@dlde@é 8 tiBh§lafo® seAsdoP7 of ot tib& sRsehdorftHat her
asks the canera to |dent|fy the types of food ingredients which are on the

pi zza eayidudrl eraployRe te kigirminathe Vatioumthicknegses. gamera 60 conld alsedd t ens
whi ch &i5e8M0 diefMRe Varbli§ thicknesses and other dimensional data if structured light

or special algorithms are employed. Also while the pizza is on its way into the oven
chamber 30 on conveyor belt 22, a series of pictures could be taken by camera 60 and
used in conjunction with appropriate vision inspection algorithms to triangulate and
determine three dimensional aspects of the pizzas’ crust and toppings. Other data such
as humidity and smell from sensors 18 and 19 could be sent to control system 15 for
use in determining the recommended overall cooking algorithms.

[00237] The cooking algorithms prepared by control system 15 for this application
(and other including the implementation of Figures 12 and 13) could ideally be quite
comprehensive. They could include such items as joules of energy to inject into each
topping. The angle, irradiation intensity, time, time-sequencing, wavelength or
wavelengths to be used for each purpose, equalobration time (heat soaking), and all the
related details will be included in the program. In short, the control system 15 will have

designed a complete matrix irradiation sequential pattern, taking into account the
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pizza. It wll further ask the canmera to identify the color of each food

I ngredi ent and of the crust, cheese, and sauce. The canera 60 could al so be
an i nfrarwdesmeemwisuch that it could determ ne the tenperatserie/ood43gach
food i ngredient which was identified above. After the information from
canera 60 about the above itens has been received by control system 15, it
w Il calculate a reconmmended irradiation pattern program forcooking the

Sy <t ongeearimerded: Ba8@nG feBRaeols af HER AR 1 SeaBn LI BalE kAR ercoakag been
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the narrowband irradiation technology to cook the pizza and sﬁ?@ prrzza
t oppi ni§H238] t étr shauld alsp, bas apprestatedh thatiamysucbaaltingse metpads lapddechniques

er/operator (through.an appropriate interface.such as _one associated with
the’ coRfmtioybbdh® abie SREREIaEat b8 B EiiES ok el B8 e ng
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| asers nounting position to a particular topping to be cooked. These

cor r eceXampieathay Mayibe staresbinmapropdate memany gedices emlecations andagxicuted
experiwgﬁﬁglg%ré&égg}so optim ze the cooking algorithm Since the bottom

side o e pizZza s'not have food itens or toppings other than the basic

dough, [00230nddedcontadi sy@temnots &l \WolW bbgindexedutingetthel overhh enhpikt covlangle
fromboth | ook up informatjion and thickness information that will have been
i ni ti afioSEMNyPrenared sboyeolt witdieelihat galyanqmeternzl shouldineavetp tnérdisghet er
of the,pi ; r ; B | 0 oS il
al ready) REHEA dribec BB el ot “Pocd Hefe B hd O bel Y Bne”
var i ougalvapesetdr witli bé essechdas vefleugingetheonarrowband Xaapiation i to aqnérdc'blgra
triangul ation sensor 17 or other type of sensor that could be enployed to
det or nPRETOTENIEF et (e debeRambli I RREAIE oAl Gori syBeTL A PIal ¢ o
det f nhae YA s (TSI SHptoR AYsRIMas dAMBERIRN the daldt dibas!hdiFoWb &Y

i ght or special algorithns are énpl oyed. SO ile the przzais onits
way i niradigtionawdin’/2 lapilee sehenaowbayd irrdiatior2af wavelengthsA adt the seleobad

coul d be taken, by..c ra 60, and used in conjupct.on W th appr.opriate vision
i nspecki°GRE] 'B‘ﬁ”ig{t}‘rﬁfé?tt%e tdFF%(HUPﬁ’CgPEOQe{ﬁH‘ @‘@Jﬁepﬁ?'k}ethﬁh'p@g'aﬁpﬁéﬁﬁo@_ﬁﬁfmg’
aspect gorftfol tshysteiph 28a6ill B $5rididdthd RERH dEffectih RRGICRY GalsHEEmater TNhAY tive and
snmell fromsensors 18 and 19 could be sent to control system 15 for use in

det er niimeraj whieh i@ omviedthatpcetien.df the:pisigrag kasgbeen Hesignpdoeflizientiiieit wdlbki ng

al gori 5@ EmiROAT r?\gvg% ?ﬁ)@ﬁé)‘&l Ioéé(t?otnegg &1% ifrr%rdiattfainsca%p&lr{.tﬁ?lgq%ri]ckly aimed at
the next program location. As control system 15 continues through its entire
predesigned cooking program, it will be aiming the correct narrowband irradiation for the
right time and at the right intensity and at each exact point in the matrix so that proper
cooking is the composite result when the program is completed. It will be much like
“painting” the pizza with its ingredients (sauce, cheese, and toppings) with the correct
irradiation and timing for the desired cooking results in each section and for each
ingredient. Some of the areas of the pizza may be desirously “painted” repeatedly or
with a longer or shorter duration of time in order to get the expected cooking results.
[00240] As control 15 is continuing to send and receive the right signals to execute
the program on the top of the pizza, it is similarly irradiating the bottom of the pizza by
way of an irradiation system module 70B. The program for the bottom of the pizza will
be specially prepared and custom to its cooking requirements based on the fact that it

does not have toppings or a variety of different food items but rather is primarily cooking
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(and ot her including the inplenentation of Figures 12 and 13) could ideally
be quite conprehensive. They could include such itens as joules of energy
to i nj ectwonvm/e2amh t oppi ng. The angl e, irradiation int@asiusg)iotpees

ti me- sequenci ng, wavel ength or wavel engths to be used for each purpose,
equal obration time (heat soaking), and all the related details will be

i ncluded in the program In short, the control system 15 will have desi gned
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processors. [00239] The control system 15 will now begi n executing the
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wi || bienger mesleldrgth raff perhap$ d 450enmacs ddbsd didded ast stbstituted @ PRV ehe ar

| ocation on the target. Once gal vanoneter 7 1 indicates back to control
syst enfutage At this wayeleagthdgss trengliatien slepth yyauldbesoxpagied sing thergfefaiat e
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| rrad et S chaiol B b didfhdd o Hcar (e st 1, TRy v PAE
det er nfonebefieoappearame afd |tasteheDepeadingt ban what codll i beui cupkedo@htiolthe

system 15 wl] be sendjng the next deflection angle to gal vanoneter 7 and
PEORI S B T T i g P g et DY S ot P

effici @,a_{,éuéngiﬁs & be Qﬁo&rmvﬂi?r{;ﬁm gl Beltter RBtiREXtichAahs AN ddking 38

i rradi ati on €an contlnue quic ai med at the next program [ ocation.
cont r otegsyretie i dBnkioad inusaess landughginearirgndecisiopr suedd Yredade dkideterpingr am

it wil] be aimpg th irradiation far the right ti d
bt t neneVignany drent yalRlrBn L SEA B fenignat flo Breafiavbr ovenEved 1 oper
cooki ngudgettreguir@MBAR ecdiftiist Withh®e MBSt BpRELRNEOSKIS@ NP MRIURS of LbuMke! be be

much |ike "painting" the pizza with its ingredients (sauce, cheese, and
t oppi npegsiblet to timgleraente muliiple adiffeterdnnamewband ngemisendueiotbased dsaapoRl ng

resul t%oidﬂle%a%ASBﬁf iitOBeg&gegoé c%%?hto performance trade-off that must be made
accordingly. It is also reasonable to have both more sophisticated and simpler versions
of this narrowband oven concept which would be dictated by business decisions. For
example in a simpler version, the pizza 35 would simply be placed by hand into the
cooking chamber 30 and then removed manually when cooking is completed. Yet
another version of the concept could employ a bar of narrowband semiconductor-based
irradiation devices contained in an array or bar 75 under the pizza 35. This would be
used substitutionally instead of the narrowband scanner modules 70 B. If a bar type
arrangement was used, it would be desirable either to rotate the pizza 35 or the bar 75
or alternatively to use a linear actuation of bar 75. The incremental motion thus created
would be continuously communicated to control system 15 so that the irradiation
devices could be turned on and timed accordingly.
[00241] While the cooking program is being executed by the interaction between

control system 15 and the narrowband irradiation module 70A and 70B, the camera 60

64



I ngredient. Sonme of the areas of the pizza may be desirously "painted"
repeatedly or wwth a | onger or shorter duration of tinme in order to get the
expect ed woakinmg2zeesul ts. [ 00240] As control 15 is contipomiusgomoz2aend and
receive the right signals to execute the programon the top of the pizza,
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be absorbed qui ckly near the surface thus browning the crust for better

appear eaRlnGnH thestlegic pearaMsginoicontiat systam pid cdriredingddthateany of the
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narro wavel en S can osen whi w better optih nPzat

of thesubreutrés tmalbplygadditiorsjuirtaeithtioh spadificzdd Whsrieniess raquiren ¢ R ithe
deci si on shoul d, be de to determ ne how many different wavel engt hs shoul d
be destYrHd % ﬂ@?t'P@BI PSipPeFPNREPE WRIRR iB B gibIS £asei PesEiad befveen
contr ' ' 3 i r i to
ipl ereametd 00 oA SRRD) SRICTE KoK iABartat OB o Ine R IR RON B, P
70A buthei prebentamesntiondokt its mapgrféonsrance trade-of f that nust be nade

oi ol A0UPAYL; SlnceS e FRar A e U TR W ot EOBBI: % by
busi negsntR&lSleANI5 Withatk 2BR5Ed the ArlidRIreprogfaml eBntrbsyRemZf5 Wil Y& d
sinmply be placed by hand into the cooking chanber 30 and then renoved
manual @ \signad o dveRr rgtuator dapbelifethe it doost4ikB. Wesi sansof 146 signats the
coul d EJH?}o‘M SaTh%?q:hg fdo%?rié ﬂa‘“’ﬂ%“ﬂnﬁ/e%ecnoBg&%r‘?f éct))n ?oefdis signals actuator 12 to
stop in that position. At this point the control 15 sends a signal to motor module 10 to
turn on for a specified period of time at the programmed speed. This action will start the
forward movement of the conveyor belt 22 to move pizza 35 out of the cooking chamber
30 to a pickup station 24. While the conveyor belt 22 is moving, camera 60 will be
snapping pictures and verifying the proper forward progress of pizza 35 out of the
cooking chamber 30 with the final destination intended to be pickup station 24. If, while
the cooked pizza is being transported out of the cooking chamber 30, there is another
pizza in the ready position 23 it will be simultaneously transported into cooking chamber
30. The entire cycle as indicated above can then be repeated endlessly as desired to
meet the pizza cooking production requirements.
[00243] It is of course possible to combine these narrowband, directable
semiconductor based concepts in many creative ways to ultimately have the most

efficient and effective cooking, toasting, baking, or heating system. Having been taught
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i rradi ati on devices contained in an array or bar 75 under the pizza 35.
This woul d be used substitutional”™ instead of the narrowband scanner
nodul es AORniofo2mibar type arrangenent was used, it woeCt/useoidozdssabl e
either to rotate the pizza 35 or the bar 75 or alternatively to use a

| i near actuation of bar 75. The increnmental notion thus created woul d be
conti nuously comruni cated to control system 15 so that the irradiation
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traditional broadband or resistive heating elements are actually very efficient heat
producers but the difficulty comes in using the heat efficiently. Although diodes and
laser diodes are rapidly gaining efficiency, resistive heating elements are much more
efficient at actually producing heat. The inefficiency comes into the equation because
much of the heat produced by a resistive heating element is wasted, most of the heat
goes toward heating air which is inefficiently coupled to a target, and most of the energy
is inefficiently handled. The various classes of the semi-conductor based radiation
emitting devices described above each have a certain conversion efficiency associated
with them as discussed. Much of the net system efficiency resuits from the ability to put
the energy exactly where it's needed and producing the exact narrowband wavelength
range matched to the target, so it can be most effective. If the entire heating/material
system is taken as a whole, the benefits of digital narrowband wavelength matching and
spatial control result in the system supplying thermal energy to the material to be heated

in a much more efficient manner. Also, with traditional broadband heaters, not only is
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snappi ng pictures and verifying the proper forward progress of pizza 35 out
of the cooking chanber 30 with the final destination intended to be pickup
station 280 2bfo/10edeil e t he cooked pizza is bei ng transporcedseun/ ood43s he
cooki ng chanber 30, there is another pizza in the ready position 23 it wll
be sinultaneously transported into cooking chanber 30. The entire cycle as
I ndi cat ed above can then be repeated endl essly as desired to neet the pizza
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syst enflags nehyhappepr withdbe miaperly arRlieidngaggwband ttechaepgy| which dai esight t hi n
t he COﬁléIJ’eﬂ{ system Also, a notification system which may also be a part
of the Control system nmay be provided to provide alerts or notifications
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cooki ng chanber may be provided with a ventilation systemto allow for the
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el ements are nuch nore efficient at actually produci ng heat.

i nef f i udsiegyy aadrebruptioturn® oageitrensrilayve chwiesigner would not try to use an LED,
RED, or laser diode device in a partially on state. This contrasts sharply with traditional

broadband heating sources such as resistive coils, Calrods, or quartz lamps. The
broadband heating sources have a very linear, analog relationship between voltage and
current whereas the semiconductor-based light emitting diodes and laser diodes have a
sharply nonlinear, digital relationship between voltage and current. This is illustrated in
Figure 15. Electrical current drive levels must be carefully controlled by outside circuitry
with diode-based devices because once they have reached the digital turn on voltage,
they will pass whatever electrical current is available in the circuit right up to destruction
of the devices. Another characteristic of these digital, narrowband irradiation devices is
extremely high speed. They can be turned on and reach full irradiation intensity and
then be turned off again in nanoseconds. Quartz lamps are the fastest of the resistive
heating sources. A conventional analog quartz lamp, by comparison, will be measured
in at least several seconds to perform the same feat. Therefore the narrowband digital
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much of the heat produced by a resistive heating elenent is wasted, nost of
the heat goes toward heating air which is inefficiently coupled to a
target, awo20met21fi the energy is inefficiently handl edPCThS201a02633%

cl asses of the sem -conductor based radiation emtting devices described
above each have a certain conversion efficiency associated with them as

di scussed. Mich of the net systemefficiency results fromthe ability to
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enti reqmgeégtrm{aq@@rdagbaﬁagbgmelss taken as a whol e, the beneflts of digital
narrowband wavel ength matching and spatial control result in the system
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with traditional broadband heating sources such as resistive coils

Cal r od@nd Easuisn tess|envirennemnéal a@dmthentohieng sour ces have a very |inear,
anal oggp2df | ARt BEVAIRETe VS HROSUBRL: systems for digital cooking is reduced

environmental heating. Much of the heat created by conventional broadband resistive
heaters is not absorbed by the material to be heated. For example, if a pizza oven is
preheated and ready to begin cooking pizzas, the energy is totally wasted until a pizza
is actually put through for cooking. This idling energy is then simply lost to the
environment where either external environmental controls, like HVAC systems, are
forced to expend still more energy to deal with it. Because a single optimal absorption
wavelength or multiple optimal wavelengths are chosen as part of the design of a diode-
based oven, the radiant thermal energy produced by the emitters is almost entirely
absorbed by the target material and therefore does not negatively impact the outside
environment. By utilizing a water jacketing cooling arrangement for the diode device
circuit boards, it is possible to transmit the heat, which is not turned into radiant energy,
to the best choice of an alternative location.
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current whereas the sem conductor-based |ight emtting diodes and | aser

di odes have a sharply nonlinear, digital relationship between voltage and
current. wWbieio/®23ielil ustrated in Figure 15. Electrical cecrarstoidozesss | evel s
must be carefully controlled by outside circuitry with di ode-based devi ces
because once they have reached the digital turn on voltage, they will pass
what ever el ectrical current is available in the circuit right up to
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subj ect systens for digital cooking is reduced environnmental heatlng Much
of t hebenefttingrtbe pizzashopawrertardivaisebeldaamesaitl resi stive heaters is not
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semiconductor devices, operational life can be extended considerably using newer
technologies. Conventional ovens and toasters, however, are subject to mechanical
wear associated with repeated cycles of heating and cooling associated with operation.
While robust, the heating, or heating elements eventually burn out or break, just as in
filament based light bulbs.

[00252] Besides efficiency and cost advantages, the subject systems include safety
features. First, shock hazard is reduced. Resistive heaters operate by passing a
current through an exposed resistive wire. While safely housed inside of the housing of
the oven or toaster, contact with water (in a sink, for example) or with an electrically-
conductive object, such as a fork, can result in dangerous conditions. Resistive or
quartz heating elements are usually powered by substantial AC voltages which carry
with them an inherent danger. A narrowband diode-based appliance can reduce these

risks since the heat producing element is not directly exposed, accessible, or conductive
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preheated and ready to begi n cooking pizzas, the energy is totally wasted
until a pizza is actually put through for cooking. This idling energy is

t hen si npWvg 2beto2iee t he environment where either externalcTamsewonasst a
controls, |like HVAC systens, are forced to expend still nore energy to deal
with it. Because a single optinmal absorption wavel ength or nultiple optimnal
wavel engt hs are chosen as part of the design of a di odebased oven, the
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pi zza. Because this digitally based technology is "instant on" and "i nstant
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operational life can be extended considerably using newer technol ogies.
Convenvhighatandve piilizasdtor igwparetaste siovlay & fallire inumgrsion fryingeBy irradialing at
the peak absorption wavelength, it is possible to make the cooking oil extremely hot
while providing modest surface browning to the underlying product. By taking advantage
of this unique characteristic, a cooking system can be designed to substitute for the
immersion frying process. The present invention, however, would have the ability to
cook much faster, with lower energy, at a lower cost, and with greater safety since large
quantities of hot cooking oil would not be present. It is also anticipated that a properly
designed system would produce healthier food since less absorption of the cooking oil
would be expected and smaller quantities of healthier cooking oils could be used.
[00255] Direct irradiation of the food items also results in improved cooking technique.
As was mentioned earlier, a substantial portion of traditional or conventional cooking
does not directly irradiate the food from the irradiation elements. The reasons for this
have already been discussed. Since resistive heating elements are used in many ovens
to heat the air and the air is used to heat the food, it creates another inefficient and

imprecise step in the process. Quartz lamps are sometimes used to directly irradiate but
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wear associated with repeated cycles of heating and cooling associated with
operation. Wile robust, the heating, or heating elenents eventually bum
out or brwekyiymwsieias in filament based |ight bul bs. [0@2%2]S2Bes2cies
efficiency and cost advantages, the subject systens include safety
features. First, shock hazard is reduced. Resistive heaters operate by
passing a current through an exposed resistive wire. Wiile safely housed
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surface browning to'the 'underlying product. By taking advantage
very popular with consumers to have some way of producing or imparting a smoked
flavor to the food in a cooking system. Most electric-based cooking systems do not have
the capability of imparting such flavor into the food. This is one reason that combustion
type of cooking systems are very popular. Another advantage of the present invention is
that it can be adapted to in part smoked or other types of flavors. By inserting a
briquette, piece of wood, or special media or element in the cooking chamber proximate
to the food it can be selectively irradiated as required to produce smoke or other
flavorant. A narrowband wavelength which is specially suited to match the absorption
properties of the insert can be directed to irradiate the insert which is known to create the
right kind of smoke or flavor when heated accordingly. It is also possible to use a
wavelength actuated food additive which produces a desired flavor when irradiated with
the activating wavelength. The present invention is well-suited to this technique because
the digital narrowband devices can be precisely aimed, have a selective narrow
wavelength and effectively be used to turn a flavor producer off and on if properly

designed.
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of this unique characteristic, a cooking systemcan be designed to
substitute for the imersion frying process. The present invention,

however, woubth/fo2z6e the ability to cook nmuch faster, w PoTIusaew/026388 gy, at
a lower cost, and with greater safety since |large quantities of hot cooking
oil would not be present. It is also anticipated that a properly designed
system woul d produce healthier food since | ess absorption of the cooking
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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 narrowband wavelengths that are aimed at a target, such that the
energy comprising the irradiation is partially, desirously, or fully absorbed by the target
and converted to heat. The more efficiently the electrical input is converted to radiant
electromagnetic output, the more efficiently the system can perform. The more
efficiently the radiant electromagnetic waves are aimed to expose only the desired
areas on the target, the more efficiently the system will accomplish its work. The
radiation emitting device chosen for use should have an instant “on” and instant “off”
characteristic such that when the target is not being irradiated; neither the input nor the
output energy is wasted. The more efficiently the exposed target absorbs the radiant
electromagnetic energy to directly convert it to heat, the more efficiently the system can

function. For an optimal system, care must be taken in the design of the system to
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the capability of inparting such flavor into the food. This is one reason

t hat conbustion type of cooking systens are very popul ar. Anot her advant age
of the prweento/iomsention is that it can be adapted to i rCparstoismeddesl or

ot her types of flavors. By inserting a briquette, piece of wood, or special
media or elenent in the cooking chanber proximate to the food it can be
selectively irradiated as required to produce snoke or other flavorant. A
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i ndi vidual food itens in a home or restaurant cooking process.” [00259] In

gener alhe kiraplbaad spurceomitl rayei deleterieds eFacisran thesitembging heated oratankedt he
Many different broadband technologies are often referred to as infrared heating,
infrared treatment, infrared cooking, or infrared processing systems whereas, in actual
fact, they nearly always also produce radiant energy well outside the infrared spectrum
as well as convection heat. For example, the common household oven uses resistive
“Calrod” heating elements which produce large quantities of very long wavelength
broadband infrared energy. They also produce in the mid-infrared and near infrared as
well as in the upper end of the visible spectrum. This is evidenced by the fact that they
glow a deep cherry red when they are turned up to a higher level of output. Typically a
shield is provided which prevents the radiant energy from directly impacting the food
because the long wavelength energy has a high likelihood of burning the surface of the
food. The shield then blocks much of the direct infrared energy but as that energy is
bouncing around its containment area, it super-heats air around the heating element
and heats oven walls and other components substantially, which then in turn heats the

oven cavity, resulting in convective or hot air cooking. A so called “convection oven”
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tenperature of a target with the right conbination of heating or cooking
results wwth the | east energy consunption. Such a system nmay conprise a
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el ectromagneti c energy output, with the chosen single or narrowband

wavel engths that are ainmed at a target, such that the energy conprising the
irradiation is partially, desirously, or fully absorbed by the target and

ted tp heat. The.r fficiently the el ectrical input i: erted
Lo radrIY BRS & PBNEEMEAGTL SRR BReS SRRSO Ratallk Inystheresstadhedate
per f or gp hddtee ¥ aRgE it trRNMdod é#‘%r%étd IR RELE) S5t AR ihat }f‘f?‘é?f@vitﬁr@aétiﬂgd

to expose only the desired areas on the target, the nore efficient
syst enargi fdallgcoonptticshovers hot the Macketbdi rinowas rdded reprde weass agosemrerf or
ant " nstant "off cha ristic such that

when' (0 tPadacRBsir hE e il hat Gl Wik A i A adisn Attt he. out put
ener QYEGOQGWSW%-ianQ@dTEHrﬁo#H tHe §pedieint RegendramedivideddRrio s Waseleh th

radi ant el ectromagnetic energy to directly convert it to heat, the r
ef fi ci ¢assificatippssyEhesa aengenerally sategesized rasopeaminfrassds troiddiezimfrared;sance

syst onoBatnr b aPaRhel ol o, B BOh e s, ST BB R vPBR I RREbAI (e

absor ppriactice bad atigetly diffeteritly foh@iffereeihdastribd 2éxdbR UK PEVE SrROAG
These wavel engths likely will be chosen differently for different targeted

app! i cestpblishegsfor theserganarabiegianse Bstt itdsigenerly gsseptadcthab s pearoinfrared

h DS ; . » _ .
i 11 or g gbfTs e o bol it HEhE Rk EBMidRmeicrs, SndEratelongthion o
t he adwentofiges spécifid lpme?e(rf_r}d?@éévﬁ%réom tél}tcméé Sof\l\lgghoié@wvg, iiﬂtstHr?@Icfl_rlie and
i nd to, rent types. o roadband r adi an eating or
1:golﬁisE'%*%ang'@éagthgbﬁ%ﬁgﬁmrﬁemabﬁggetgrﬁs d?&@éé@ hivin t(rigromstes. The m@dlggen

ment i ; he a n ' e L AL fi h
pur posared o bR o B SR BieRes® P o el Hfrafdif
el ect regimistgeneeaibrtgpughtriodientostiveahl5 amd 44 mibmmeteroasd bgpesd.of heati ng

| d.f d di ant th i t | t
cever al002Rdls ARdas Tormice Yo aPee HhE ARG aHTaTPH S Ik deve P unen
the prostecef inddtial | @msbAbiaedcORingtS HRe IeahRMNL! Yor HrbdsRd dRMbABAt

energy, It heats the air and thus results in convection heating by the time
it reape¥pUslysprogiugeta very bipayg banrd of wavetengthp wdédhubre rarelyt haited teaine
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particular range of the infrared spectrum, they typically have an output tail which
extends well into adjacent regions. Manufacturers of equipment and appliances still feel
free to generally refer to their products as heating in the "infrared” even though that term
has become so generically used as to be meaningless in terms of actual wavelength
band being described. It does not precisely define much about their heating or cooking
product. As an example, quartz infrared heating lamps which are well known in the art
and are used for various cooking, curing, drying, and process heating operations, will
often produce a peak output in the 900 to 1100 nanometer range. Although the output
may peak between 900 and 1100 nanometers, these lamps have a very 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. As an example of
the typical state of the art in this field, Figure 16 shows a graph of the output of several

different types of quartz infrared heating elements made by a large U.S. manufacturer
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t he broadband source will have del eterious effects on the item being heated
or cooked. Many different broadband technol ogies are often referred to as

i nfrared woeaviomg226infrared treatnment, infrared cooki ng, Pam/tusaéme&ds
processi ng systens whereas, in actual fact, they nearly always al so produce
radi ant energy well outside the infrared spectrumas well as convection
heat. For exanple, the comon househol d oven uses resistive "Calrod"
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actual thermal absorption occurs in narrow wavelength bands depending on the
absorption spectrum of the target, even though the source is putting out infrared energy
over a bandwidth which is more than 3000 nm wide. Important and useful absorption or
transmission can be narrower than 100 nm. Thus, much of the broadband IR energy
output is not usefully accomplishing the exactly desired heating or cooking result.
[00264] Resistive heating elements are the oldest and still most popular type of
electric heating source in many ovens and drying systems. These are often referred to
as “Calrods” because of an early trade-name in the industry but are just a resistive
heating element. By running an electrical current through these heating elements, they
are comparable to blackbody heat sources which have an output that will vary as a
function of its temperature. Because they are typically operated cooler than quartz
lamps, they radiate at very long infrared wavelengths. Their output curve follows

Planck's law. In an oven they actually heat a target that is proximate to the element in
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used in industrial, comercial, cooking, heat treatnent, or process

equi pnent previously produce a very broad band of wavel engths which are
rarely |iwoDten/teeone section of the infrared spectrum palrtusouglo2dsbei r

br oadband output may peak in a particular range of the infrared spectrum
they typically have an output tail which extends well into adjacent
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| ong weyR ‘P'@ﬁﬁ‘ﬁw"«ﬁﬂ teds g?&@"%ﬁ’g’ée?tstﬂeitom% upitpdhe theraosiaiic tesararaiuse wet n
the exjs Qbf‘tﬁ/e*ﬁr%ﬁ‘c %e&tfé{ﬁély%éﬁﬁ | Erh%%g PiLheS&lefhib4 at’"?akkg él
preferre wav el engt or wavelengths that woul e t he nost eS| re or any
gi ven lhe;auanghoparandgm maokiGmgnmerqﬁalocorems!ushglahppd)kmgtsntuatloms with cartveyent | y
a wde_ s ectI[1 ﬁn&&@ea or @?réﬁ_cess and has been w dely used because it is
[ nexpe?i i Spractical alternatives, and because the

act ual [ 0@2@3¥ i tiH@s pfré’éeM’aMﬁ/bﬁﬂ&ﬁ hiir$ Rgreht 'é‘orﬁr%‘él('tﬁg tﬁ@r&d%htléﬂ\ﬁ‘éﬂ olfBRYN is
before the teachings of the present” invention. [00263] In contrast to the
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they need only be turned on when the food or target is present for heating. Many
commercial ovens are turned on all day because the cool down and reheat times are
substantial and because the oven has reached a stable temperature which they do not
want to disturb. For example, a huge cost for a pizza store is the expense of running
their ovens for long hours or continuously. The present invention can bring great
advantage to these circumstances and can simultaneously bring greater precision to the
cooking process.
foo266] The current invention is a much more direct way of heating efficiently by
taking advantage of new, narrowband technologies and the science of molecular
absorption. By choosing narrowband heating elements which match the narrowband
absorption characteristics of the target, the radiant energy may be efficiently and directly

injected into the target. The depth of penetration is a function of the absorption
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narrower wavebands. It depends on what the target material or food is but
often the nost efficient way of cooking or raising the tenperature in many
targets iwodam/tezeéabsorpti on of thermal IR energy at on@CorSte0®26¢3ds r ow
bands of wavel engths. For exanple, with the typical broadband infrared
sources, it is often true that much of the actual thermal absorption occurs
I n narrow wavel engt h bands dependi ng on the absorption spectrum of the

target, en th h the s ce is putti out _infrared ener over a

bandw SRATIGARCAT L eret 2 dhe vereIBRat Bibsemiss henpohl ot <ap rarapeBand i on
or trangiHtHedfing @br&ntgar rower than 100 nm Thus, nuch of the broadband IR
energy output 1s not usefully acconplishing the exactly desired heating or

cooki n@026%1| Enefgo26a3urRptivrs tosts make iupgarlircreasiaglyr largéh pendadage andhest i | |

Syt endet e BBRe Al bBer ey PO Toaprarl Bradkiea i Seobpll =
trade-niap® shBpli§eheé wdierdy ¥YoSifo AlretHelplzza dVehl ThieVeurfaftihentRIreBRatmudy

running an electrical current through these heating elenents, they are
conpar @pre effisiant avap ot gomearting dipne e alfica lenesg\e tanradiantpenergiavhigh idanveg y  as

Fhan Ry WishsR RSN hikCars TAY EPok A R HRL R ER S, BEt 8 £
out putisqidcessarglfboi® grbassk' s law. In an oven they actually heat a target
that is proximate to the elenent inthree different ways. They conductively

super hi09268he Inthip sperrd i Hier selidostate eleshpnigadealsn. ssaraisepndusiaretnitiers or

Pe . . o _ i |
Th ¢ EBs ST e At Wel Kot A Roh 1 MUCHNIHERS of Bigube LRET. |
| npar tienovaditarde bemimeroiatly tahailblblegatd as oprdteast vivdolss waveleéngths frohi tie i t

I's housed., Alt h thjs heating nmethod i nvokes a nunber of different

heat i n\gtraﬁfeéﬂti(mfﬁgbroyebrth% NiSiRJg Bpgcirimad wpﬁwﬁ thg r@de?h@éw%mnﬁht

not 1t egbLibYrdldric IcBRvEMsiorSing. c‘fiéﬁ?ihﬁy%”@hif‘e sinfildr®r 40 1EDS&BHY BRel S
opened I n the average honme during the cooking process, a large quantity of
heat eddiatles eforapetsialiydpriosiuciegl dloe dplgtonice ontputalasenbdiedest adpeaapunmirg r i n

the h M ch t b ted f t h | St.] h ' I ts..
Cooki nMBIAR B BETpts e BRPiaESc e XAl FRteh anek Ber ot e Siaeven
t hOUghhi?ﬁQ?g%{;fﬁdl@utﬂlﬁ%\}é]ﬂ R4 hhE®eRAVihRAMERY) siHt@Moth e QURAbIESNARSVDENd

pl ace. ' , If the oven door is left open the systemw |l ultinmtely be
t ryi ngdeicesfar prasticiogghigpinventiote thaelecimamite ehotampeonriarsionspocess mhictoven,
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[00269] LEDs and laser diodes are constructed out of suitably N- and P-doped
semiconductor material. A volume of semiconductor material suitably processed to
contain a P-doped region placed in direct contact with an N-doped region of the same
material is given the generic name of diode. Diodes have many important electrical and
photoelectrical properties as is well known in the art. For example, it is well known
within the 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 PN-junction, electron
energy level transitions from N-region conduction orbitals to lower P-region orbitals

begin to happen resulting in the emission of a photon for each such electron transition.
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in pizza shops and in nmany commercial or industrial cooking situations with
conveyor ovens which often do not have doors. [00265] The present

i nvent i orwoi2niogemwtt contrast to the conventional ovens, PCI/udesiogaads i n at

| east one form such that the irradiation devices are only actuated and
produci ng energy when desired. Since they are "instant on" / "instant off'
type devices they need only be turned on when the food or target is present

for heating. Many c r ci ovens are turned on all d because t he cool
down aPiE PYASANSAY ave) Pk a?{%%%t& , Mavelangth et irsemities BRRIAN KRG esRaRYREP o
st abl ethbed?Bgﬁr"f‘bHé@ty‘@'fitﬁ@cB?ﬁé{ctQB Mtropnt to disturb. For exanple, a huge

cost for a pizza ore Is e expense of running their ovens for |ong hours
or confi0i02@0L s lry shathel bbe operate rasediréal cucrant-to-photogrernittessi Wamikegdament bese

br oot BEsBRO DS Srtarm. Theve it Porterrempti omieanRuEenaiey Blo fea: i ng
effici iﬂf&rh%édli)éltetf@ﬁﬁi\ thégt\’@ﬂirf%@%eﬂ'fg a9¥ito %&fré@%@ﬁ@pb?ﬁﬁ&@n?@e@éu?ﬁ?gf e

science of nol ecul ar absorption. choosi ng narrowband heating el ements
whi ch @itaat hcurrentriamheiwaiehaioss M:)iltm heer thet eropartyc of dieindeextramgly | fashe

di fficientl d_di ly. injected into the t :
The dpiSor BRndEvE e e ufieEnls PPl REui Bt ceBREDron e
tar getexaterhdlg Mgk ep@sgtrates UNseVisibl, adMfoP weBHIROlgHth®©rtasperihadppliadicnt
heating el enents. [00267] Energy consunption costs make up an increasingly
| ar ge Woereihtthgehigh PHisecoale efoperty of sHels ohasdgenpmacticsdarty asefudl is. irFor

| ' i 2.7 2 ' . t.
the pi Suahelet SRR FARRT Sohdod ArAERI R 1HE YRR (L fredt "

converlight¢s Gseditocfoemtd letslfoeusddiyndge whidhastherniasgyctebiic A coafplier. di rect |y
i nj ected iniohig{gggzi t hat are being cqoked, dried, or cured to induce the

heat tl9927il laenthasedsqirere d£Dg somianier avelalively lkgitediwavalength

li d ey e . |
i odes nBe SeHiRPphARY S thE RpBbie BepgAB DN b bbb Makhiolho 530
known Thispropentyrof CE&IS| yasabeeh phiteutarty tsefopier apmicationsmhersin weanallergihhs

f th | t i ol et th h th I,Sible, t .and |1 into. t
 nf 1 arotlie, BPTaiERn S Pt BRI CVLr SRS AFICEHETY of rgplgal

qui te &riinuflicatieh HeTBqliFd® RMfe kéSHtly, 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.
[00272] The above description merely provides a disclosure of particular
embodiments of the invention and is not intended for the purpose of limiting the same
hereto. As such, the invention is not limited to only the above-described applications or
embodiments. This disclosure addressed many applications of the invention broadly
and one application 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.

78



di odes for actually producing the photonic output |aser diodes add a
punpi ng anplification step before the photons are actually emtted and

t her ef or ewoanioaiobdeeve hi gher optical output |evels. As ra3/use@n/ocdds cat ed,
since both are suitabl e narrowband devices for practicing this invention,
the electron to photon conversion process which will be described rel ates
to both LEDs and | aser diodes. [00269] LEDs and | aser diodes are
constructed out of suitably N and P-doped sem conductor material. A volune
of sem conductor material suitably processed to contain a P-doped region
placedch dindi rect contact with an N-doped region of the same material is

gi ven the generic nane of diode. Di odes have many inportant electrical and
photoelectrlcal properties as is mell known in the art. For exanple, it is
wel | thin the art h hysi i nterface between an

N dopel 1 et eiouRs D e’ beainogs. B S colisiuct o di ode.
characterlstlc bandgap exists |n the material. This bandgap relates to the

difference in energy level of an electron located in the conduction band in
t he N-regi om cookingechanaverywithe aetonfijueationl tocsafely domtainlivadiated, eneegyl there

b d d fI
P | gL i IR o e, PRt BroRGHERJRL et gl ieebauieiresh
or bi t ak@adifAiondwer P-region orbitals begin to happen resulting in the

em ssion of a photon for each such electron transition. The exact energy
| evel or, alternately, wavel ength of the emtted photon corresponds to the

drop in enef gs¥ru%¥uret}8 %?néggft r|a§§y %Rcfk?ﬁng [tﬂgzc%%kn 9.6 %ﬁﬁer ah&?@{ﬁ@ﬁ{iﬂie as

di rect current- to-p on emt e arren ype

em t t edisectiohar B’racﬁam Heviges reximdte to rtaesdodkirignpoibe &uehdtat e utétﬁation
internediate formof heat prior to being able to extract an out hot on.
Becausko@rtheiradigtior devisas Péﬁta“‘??-sbﬁﬁﬁ&% disestiy poindireethsimpacs the, O&r &f@rty
of being extrenely fast acting. LEDs have been used in numerous
applications requiring the generation of extrenmely high pulse rate UV,

vi si bl e, anal/leastmas narRDngm sdiecaiectdribasadpemitting devmbethé at fehst dngh

I t ropert EDs has been, artlcul arly useful is ted
i sor eharbeid: el coerurgbaset | eRtons owear béInGe Siaseht sugh Head

i nfrarggvéibagih 6ﬁts‘#§rﬁélatt18nfd%&;50t%néi%ﬂés fa@Féé%?@né %germhhcéhdréctbhev‘b hgRect ed

in a conputer. [00271] Unlike filament-based sources, emt over a
r el at i wavglengthi Qfead Ime)lnerqjtthe targgkfoodritessp@mdi ng to t he speci fi ¢ bandgap
of the sem conductor nmaterial being used.
a control system for supplying at least the electrical current to digitally control the
narrowband irradiation devices to provide the irradiation output in the chamber based on
at least one of user interface settings, sensor output, or a determination that the

chamber is active and safely containing the irradiated energy.

2. The system as set forth in claim 1 further comprising a viewing window
positioned to allow viewing of the irradiation zone without passing the irradiation output
wavelength.

3. The system as set forth in claim 2 further comprising a shutter system to

selectively turn off radiation during viewing.

4. The system as set forth in claim 1 further comprising a conveyor system to
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This property of LEDs has been particularly useful in applications wherein
wavel engt hsel ective operations such as conponent illum nation, status

i ndi cat i oNQ 2010/10pt6iical comruni cati on are required. MrePCEISRAL0P2648RT ge
clusters of LEDs have been used for larger scale forns of visible
illumnation or even for signaling Iights such as autonotive tail lights or
traffic signal lights. [00272] The above description nerely provides a

di sclosure o pafrti cul ar. %di nt.s of the invention and i s not intended
for th arﬁ%{)@g gpdtems i Hgga Ni#8PEt 0. As such, the invention is not
limted to only the above-described applications or enbodi nents. This

di scl osure addressed many applications of the invention broadly and one
appl i cat i onTkersystereas sspbarihy incelainy 1 futthescormptging sensorsaeperative ko BeRSE | n

the ar oncel ve. of nat.i v pplicatio d specific odi ment s
that 14 [ERS OnEnBoiet arive Yo SRR ir0 A Bant Bk fE0 8P 8. o8 FIE BT o
for heiptadiionantll takbeictiyh a8 RBURIOf $hé8engingooki ng chanber with a
configuration to safely contain irradi ated energy there within and into

which a food itemcan be |located for at | east one of direct or indirect

chanbel and oot h TELTi RS wPBkHhihe keREG BuRlig Ericeret,.

cooki ngerreseasition, typ oftfbed) dndiizetof e facehitdrhe i rradi ati on devices can at
| east one of directly or indirectly inpact the food item at |east one
narr owband, sem -conductor-based, emtting device, the at |east one

narr owpand, Tgemg 'gféﬂ?%‘écéétrfbﬁﬂsiﬁdclﬁm t‘leHQréﬂ’?Yﬁ?%F @&é&%r@‘ﬂé@@wﬁ'&ﬁ@ defidl the

wavel engt h of i irradiation output matches at 1east one absorption
char actardustorebastedt reatiativav ehrettigy dedficaprédiass it @aobwblaedt isadetiohoatdtwd ens;

and, a,control systemfor, supplying at, | east the electrjcal currept. to
G ¢ PSR atiwha rdiSHEE ek tine SAch dlovhias & Ghasen Sieh that e
i rradighi j AResi t : - H ce
ot 11 naBVEBnQH Mtctied A EnSAIRTOT ChERRALHH fiar SARinaBH 1elock et RiSEACT
saf el yirmediatadlni ng the irradiated energy. 2. The systemas set forth in

claim1 further conprising a view ng wi ndow positioned to allow view ng of
the irradiati on zone w thout passing the irradiation output

8. The system as set forth in claim 1 further comprising broadband irradiating
elements to be selectively activated for cooking the food item in addition to narrowband
heating.

9. A method for cooking, drying, or curing a food item, the method comprising:

introducing at least one target food item into the irradiation zone and positioning
it such that it can be either directly or indirectly irradiated by the radiation emitting
devices;

safely containing the irradiation zone;

emitting directional radiation from at least one digital narrowband, semi-

conductor-based irradiation device during periods when the irradiation zone is safely
contained; and,
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wavel ength. 3. The systemas set forth in claim2 further conprising a
shutter systemto selectively turn off radiation during viewing. 4. The
syst em asweabidwesh i n claim 1l further conprising a conPeyars26yoLans
totransport the food itenms into the irradiation zone. 5. The system as set
forth in claiml further conprising sensors operative to sense at |east one
aspect about the food item at |east one of before, during, or after the

i di ati d.t ti | t t i . 6. Th t

et Fort TR Ge 080 e ocg et b Al Rp L0 Mo OB
posi ti\giich Yiehes ahQ@BorpNg dHatsctefisid6f hest 1bARBneltarddtéd $Gd REMASUrRRY
forth in claim1l wherein the at | east one narrowband sem conductor-based

r adi atthereneittingt i ng devi ce produces its narrowband irradiation at two
di fferent narrowband irradi ati on wavel engths each of which is chosen such
that the wavel ength matches an absorption characteristic of an anticipated

t ar get1ovhi oA nigbo® ori groedésit@ e -fodd itdRe tisey AlcBibRSormplisihgr th in claim1
further conprising broadband irradiating elenments to be sel ectively

activated ftEansposichietfaed itsauinta agopkingddiamiar; t o narrowband heating. 9. A

't oduct ng eTICdRoSL W BTeSd bAPRF e b 1T bRRAFANROAITRI Bl

posi t i spokirg chiarabe that it can be either directly or indirectly irradiated
by the radiation emtting devices; safely containing the irradiation zone;
emtting difeiestinghihat m?dﬁ% ISR {5197 desirachresiints di gi tal narrowband, seni
conduct or-based irradi ati on device during periods when the irradiation zone
is safely contained; and,irradiating the at | east one food itemwth at

| east one mEasngbthedravsperteggbdsashor theddtebtirsg;an absor ptive characteristic

O e oo S S P F R RSP T bl SRS 0% (et o
iteminto agfy MGinplAiRE&spects of the food item;
determining a cooking pattern based on the sensing or inputting and based on
cooking parameters;
irradiating the food item based on the cooking pattern for a period of time from at
least one digital narrowband, semi-conductor-based radiation emitter device at a
wavelength which corresponds to a preferred absorption characteristic of the food item
at that wavelength;
opening the cooking chamber after completion of the irradiating; and,
transporting the food item out of the cooking chamber.

11.  The method as set forth in claim 9 or 10 wherein the irradiating the at least one
food item comprises painting the at least one food item as a function of the direction

emitting.

12.  The method as set forth in claim 9 or 10 wherein the emitting comprises pulsing
the at least one irradiation device.

13.  The method as set forth in claim 9 or 10 wherein the at least one narrowband

wavelength comprises two wavelength bands selected based on substantially different
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sensing a position of the food itemas the food itemis being transported
into the cooking chanber; detecting that the food itemis in a desired
posi ti on;woeanytogeeti he transporti ng based on the detecti rgT/usb@siongy3s he
cooki ng chanber to safely contain contents of the chanber; sensing or

i nputting aspects of the food item determ ning a cooking pattern based on
the sensing or inputting and based on cooking paraneters; irradiating the
food item based on {he cookin atterp for a perjqd of tine fromat |east
one di@t?ﬁoépﬁ%w%r\% §ticga a&bg%i”ut@f BFth?a“géﬁe'g%Qf}‘gﬁr@ﬁ- enitter device at a
wavel engt h which corresponds to a preferred absorption characteristic of
the food itemat that wavel ength; opening the cooking chanber after

conpl et4.on bife mhethod rasdseit fontdy; inacldim O andPowhénein thee af ekt ionenmarmwiodnd he
cookiq& q%anb r. . 11. The nethqd as.sg? fgrth.in claim9 or 10 wherein the
i rradi NEVAGEReACTEVas e Renq e POWhe JARY €Y painting the at |east one
food itemas a function of the direction emtting. 12. The nethod as set
forth in claim9 or 10 wherein the emtting conprises pulsing the at |east
one irtadi alhemetboi ;s satsforthhia eleinh GdordOsehereny the ahledshiomeonarrowigand

wher ei 0, rro el enagt h conprises two wavel ength
bands @gf"_g%f]% %Czjz@c?so%ﬁ@r}%sr{efﬁ%ggqqIt@ggqgf‘f'gﬁ%@ht absorption characteristics
at each center of the wavel ength bands. 14. The nethod as set forth in
claim9 or 10 wherein the at | east one narrowband wavel engt h achi eves deep
penetration into the food item 15. The nmethod as set forth in claim9 or

10 wherein the at | east one narrowband wavel ength achi eves surface heating
of the food item
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