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Though the specific embodiment of the invention described hereafter is
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treatment, or processing systems whereas, in actual fact, they often produce
radiant energy well outside the infrared spectrum.

The infrared portion of the spectrum is generally divided into three
wavelength classifications. These are generally categorized as near-infrared,
middle-infrared, and long-infrared wavelengths bands. While exact cutoff
points are not clearly established for these general regions, it is generally



points are not clearly established for these general
regions, it is generally WO 2007/ 149221
wEONW8R2007/ 013306 -3 accepted that the near-pPaf/uazed013306

regi on spans the range starting at the upper [limt of
human visibility (about 780 NM and 1.5 m croneters.

The m ddl e- infrared region spans the range from1.5

to 5 microneters. The |long-wayve- infrared region is
general ly thought to be bet Weeh 5 and 14 microneters

affpedihih e nea AR Iiot SRR BR 8ok dRrthbls gre upper
In?:g?féﬁtnfrgzn :g/mmgtgdn?gg? gBPeNlil:rgﬂz @tsng %EggndmrhewrsdThe middle-
R4

infearediregion 6' 3%l o, La S Bmab P e G s farigwave-

iftriredregivnyis e nietallyisright 8 be BEWERhE ahd 1@ ¥icrometers and
medi cal , heating treatnent or process equi pnent

beyendolids gensrd sidereshinad iive thermalwfraned iscompgred of
tHY Friddieeloh g ARl @ allﬁ ?W‘% dﬂ;tglrb ds. tﬁ@ai—ﬁff?&%& ‘ii?(dlatlon by
roa In

Sp ectrum th oug out ut may
cantrpa'rr, tends tﬁxbeaiam@nmcrt meore like a\pednslpla:MQMm t hey

typi egid éédﬁ?l%‘?nﬁéﬂ?e%éoﬁn%k%h&%&v'b b8é{1 TRET iy Oétﬁélo

adj acent regio PRfTar et
coheunervipll ang snedibalc heatmg\tzdatmetm«mn processhequipmean greviously

oR§ AR A i T o 8B i A bocton o

the infrared spec‘auge Ahhbbglu @H\\ew beoawbaud dmyutpaay peakin a

P3Ol afEgR BPpRIv P <E R i i, WALy Deye futout tails which
ewmmisongl mtbmquggtdm ultraviolet (W) through the

vi si bl e and out to about 5 mcrorreters in the

mi ddiAs PREXAMRe. Qyars lrgfrareamemug amps, whugh 8L et kepwn in
ttie SR atediBed for varidiR ;B}%téﬁé 'F\Ehﬂﬁg%ge?@ﬂ?ns tvﬂﬁ 'bﬁehsproduce

substantial output 1n both e Vi si
atprakUtouk i Srthb gycrgmeteir sangee rl&lﬂmug hex OutpUt may peak

bRRFE&ER 0% ¥hih H@ feishd 'Tﬂe?t% Pcﬁ'ﬂ%§ ﬂﬁ id(]‘tfa?%ﬁ%ut in a wide

sources to be se ect vé as err
cmat:@'uw@sat ofr warglengtiybasds fram mmumaymlehwvmhsough the

WLiab s o S S SRSt )
altheagintine peakmuipetssf @ qdaltasaieds lmmbahgaummreUeaagls ethere is

o PR B Bl b4 P S5 535081 s, 1

is; dhergidie) gmo#\ppbsnba! with thle%xlétit{g]ﬁr&ﬁébedtfum @ifrared sources to

OBRRIC R 76 b e el TaR VA RIGH OB S avelgnains that Would be the

nicstelesied. fol BAy i @‘\rémhéaﬁﬁ@m’b@égélﬂgfdr&fédtﬁedf&@bllcatlon Itis
targets is, due to absorptlon of thermal | R energ

RIRIERHY AoVideBREINM rasdnest ohaieaessq s hasheen Yidely used
betatise thereasliandot e pradticaY hREEnatives W36 R%e present
invention, other than, for example, co-pending Application Nos. 11/003,679
(filed December 3, 2004) and 011/351,0830, filed February 9, 2006, both of
which are incorporated herein by reference. The primary temperature rise in
many targets is due to absorption of thermal IR energy at one or more narrow
bands of wavelengths. Thus, much of the broadband IR energy output is
wasted.

Nonetheless, quartz infrared lights are widely used in industry for both
the discrete components and the continuous material processing industries. A
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Energy consumption costs make up a substantial percentage of the cost
of a finished article that is manufactured using blow molding operations and is
typically the highest production cost. More specifically, the amount of energy
required with the heretofore state-of-the-art technology to heat up or thermally
condition Polyethylene Terephthalate (PET) preforms from ambient
temperature to 105°C in the reheat section of a stretch blow molding machine
is quite substantial. From all manufacturing efficiency measures, it will be



condi ti on Pol yet hyl ene Terephthal ate (PET) preforns
fromanbient tenperature to 105C in the reheat
waeawite2pf a stretch bl ow nol di ng machi ne i SPQUE®07/013306
substantial. Fromall manufacturing efficiency
measures, it wll be W 2007/149221 PCT/ US2007/ 013306

-5 clearly advant ageous from both an econom ¢ and an
envi ronnental standpoint to reduce the energy
consunption rate associ at ed WPEh the operation of the

S RUvARAGELLANIM LR bh Wbt lh BhofaRflehd) Standpoint

her expl ai m, car
te xpdeee tie: ecergyacomrsanption aateaaﬂsociated oyitH thendgeration of the

et riufian R Sackon hrfieth o madraystarter Lacl

var i @b Gurthduexplaioy cdrragt bﬂarctn@e\ag ey e&P‘ééé thé"Baatdirer8fto radiant
i rradi ance on f erent segnents

adj us ab|I|t to.th
e FOm griiiage o barg AnfraredefsV lJampsreiganizeghipto a tunnel.
THe ér@érg?bﬁﬁﬁ TR bdmbh@cﬁﬁléi)ﬂvé}ﬁble %uéhg u‘]’ihp'fér a very small

absorbed into the amhient air, nd nechani ca

reappdier Qf a@JHﬁ@bﬂlwmhe]gra%m%ﬁ pn@ﬁer@m segments of the
e%in@&ihfel' %%h)bf tl$é’ %e?ﬁgf QBFn ﬂ%l | ishdp gtds%%(? 2 he container

undesi rabl e heatin ar oun
adllepr i abserbed latmthet atmbnemmr aslld| meochanical mmpcmsg ¢hus

l&wghﬁg &v}lr%lgrégffcgéﬂ%) ﬁi?i aml r oug fﬂ% %ﬁg% gﬁlﬁég {gthe

unsigsirable heating am lsmmmaagﬁui tife tumaet i are efforied Hpdool the

Ns
i 05 o1 WS8R (R Aol oD BRLGRIRbes ey it
tUe sontaineisdoy onnWém:onctpmwgmﬂTe uhﬂémsdﬂw healedsdlace
o T ehveh{iodsides shiehEmained are e wecassapgheating of
airbad\d tjdoent strokﬂu)/eﬁw tur’ﬂﬁg\bbﬂwy 6f thielitrBbianeB distribB@iBn on the
UIée nts, such as a | ot chan eover to different

RhyRical shece RAdiGReRtSathe ingbilibnio spinetivalheat

ificesFati®r ba@lds d
bR L SO ) s

nfig nemeequirgmants ngch ag alptehanaesver to different
di ﬁ@d&thh\%ré Xéiﬂféoné&ﬂenﬁé%ﬁﬁ?ﬁ@ B%néf%ﬁé&i By HhE sglln%ntFor

nore space for the tunnel nore” gradu
ingtance, inspmnirigtabserotins: of thedight by the containémreforal sauses

rh6fe S1URe Ple ek B ¢ l@g eeséfefcb%v&értté rétqm&;g?lé% pxcess

heating from un- even er| orat’ion
haatHem smizentissidgdee Dlaﬁsmne sppcefartbatunmelttballow for more

qi‘ﬁaﬂﬁldaﬁd’bnﬁaﬁﬁ ﬁ@hhﬂg,tr{ﬁﬂé ir Quékﬁé@@%aﬁ%b/adg *c(fr;é)qr{é}s out bulbs,

at ent conven I"fona
andoaoba Nanalnmtyan dbe hiedjing MnaUneevénelammetéMratuh&

et .\ 8P R £33 5 BLEL R BnS RS e
moethed m&nemgalhﬁtremmﬂiermmmmmhﬁ@dﬁ tﬁiscﬂhteﬁﬁ the
%&%ﬁﬁ{m%&%ﬁgf duﬂg'rgrrc])ad%and tr;are«:ie {Ihp gaélatlon %eatmg for the
thermal treatment of plastlc preforms is described. Quoting text from this
patent, “In comparison with other heating or thermal treatment methods such
as convection and conduction, and considering the low thermal conductivity of
the material, heating using infrared radiation gives advantageous output and
allows increased production rates.” This patent is describing the broadband
infrared sources that are commonly in use throughout the PET industry today.
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There are many factors that work together to establish the energy
conversion efficiency performance of the IR heating elements and systems
used in the current state-of-the-art blow molding machines. As noted, heating
conventional thermoplastic preforms, such as PET preforms, are heated to a
temperature of about 105°C. This is typically accomplished in state-of-the-art
blow molding machines using commercially available broadband quartz

infrared lamps. In high-speed/high-production machines these often take the
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and, thus, achieve an improvement in overall energy conversion efficiency
performance.

U.S. Pat. No. 5,925,710, U.S. Pat. No. 6,022,920, and U.S. Pat. No.
6,503,586 B1 all describe similar methods to increase the percentage of
energy emitted by IR lamps that is absorbed by transported preforms used in a
blow molding process. All of these patents describe, in varying am.ounts of
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limit of approximately 3.5 micrometer. Beyond this wavelength, any energy
emitted by the enclosed filament is, for the most part, absorbed by the quartz
glass sheath that encloses the filament and is therefore not directly available
for preform heating. .

For the reasons outlined above, in existing state-of-the-art blow molding
machines that use quartz lamps to reheat PET preforms to blowing
temperatures, the range of absorptive heating takes place between 1
micrometer and 3.5 micrometer. The group of patents referenced above

(5,925,710, 6,022,920, and 6,503,586 B1) all describe different method and
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stage. More specifically, in a one-stage process as described in the ‘039
patent, the preform is not allowed to stabilize to room temperature after the
injectioh molding process. Rather, the preforms move directly from the
injection molding stage to a thermal conditioning section and then on to the

blow molding section.

The thermal conditioning section described in the ‘039 patent has the
properties of being able to add smaller amounts of thermal energy as well as
subjecting the preforms to controlled stabilization periods. This differs from the
requirements of a thermal conditioning section in the 2-stage process of a
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diodes are well known in the art. Photon or flux emitters of this type are known
to be commercially available and to operate at various wavelengths from the
ultraviolet (UV) through the near-infrared. LEDs 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
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An aspect of this invention is to provide a molding or other process or
treatment system with a thermal IR heating system possessing improved IR
energy conversion efficiency performance.

Another aspect of this invention is to provide an IR heating system
having IR penetration depth performance tuned to the particular material being
processed or targeted.

Another aspect. of this invention is to provide a thermal IR radiation
system which can incorporate an engineered mixture of REDs (such as laser-
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er advantage f the mgggtlon tas the facilitation of a more input
energy efficient methodology for injecting heat energy into a target component
compared to current broadband sources.

Yet another advantage of the invention in heating bottle preforms is in
retaining the ability to heat efficiently without requiring additives to the target
components which reduce visual qualities and add cost.

Yet another aspect 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.
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a quantum dot layer implemented in one embodiment of the present invention.

Figure 5 is a cross-sectional view of a radiation emitting diode including
a quantum dot layer implemented in one embodiment of the present invention.

Figure 6 is a cross-sectional view of a radiation emitting diode including
a quantum dot layer implemented in to one embodiment of the present ‘
invention.

Figure 7 is a cross-sectional view of a laser diode including a quantum
dot layer implemented in one embodiment of the present invention.

Figure 8 shows a graphical representation of a single RED
semiconductor device.

Figures 9 and 10 show the relative percentage of infrared energy
transmitted through a 10 mil thick section of PET as a function of wavelength.
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becom ng avail able and aré nore I ci ent quantum
wayRlengipyautput or when specially adapted for selected wavelengths, they
can be quite expensive. Although other lasers will suffice to practice the
presently described embodiments, solid state lasers are typically more
practical to mount integrate, and control and more economical. The identified
devices for the preferred embodiment are the first of a new class of devices
that are just becoming available and are more efficient quantum converters of
input energy. They also can be manufactured at a substantially wide range of
selected wavelengths which may be required for some materials or
applications.

Recent advances in semiconductor processing technology have
resulted in the availability of direct electron-to-photon solid-state emitters that
operate in the general mid-infrared range above 1 micrometer (1,000
nanometers). These solid state laser diodes are based on devices that
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evolved. This fabrication technique, or others such as the development of

novel semiconductor compounds, adequately applied yield the solid-state mid-
infrared laser diode emitters for the subject invention. Alternate semi-
conductor technologies may also become available in both the mid-infrared as
well as for long wavelength infrared that would be suitable building blocks with
which to practice this invention.

Direct electron (or electric current)-to-photon conversions as
contemplated within these described embodiments occur within a narrow
wavelength range often referred to as pseudo-monochromatic, consistent with
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tailor the semlconductor device is to employ binary or tertiary compounds. By
varying the compositional characteristics of the device, technologically useful
devices have been engineered.

The design of the semiconductor device can also be manipulated to
tailor the behavior of the device. In one example, quantum dots can be
included within the semiconductor device. These dots are believed to
quantum confine carriers and thereby alter the energy of photon emission
compared to a bulk sample of the same semiconductor. For example, U.S.

Patent No. 6,507,042 teaches semiconductor devices including a quantum dot
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6, 50 Actadingly, inasmuch as it would be desirable to have semiconductor
devices that emit or absorb photons of wavelength longer than 1.3 um, there
remains a need for a semiconductor device of this nature.

In general, a RED provides a semiconductor device comprising an

InkGaq.-xAs layer, where x is a molar fraction of from about 0.64 to about 0.72
percent by weight indium, and quantum dots located on said InyGa1.xAs layer,

where the quantum dots compi'ise InAs or AlzInq.;As, where z is a molar

fraction of less than about 5 percent by weight aluminum.
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In one or more embodiments, the InyGa{.-xAs cladding matrix is located
on an indium phosphorous arsenide (InP{ -yAsy) layer that is lattice matched to
the InyGa.xAs cladding matrix. In one or more embodiments, the INP1._yAsy
layer onto which the InyGa{.xAs cladding is deposited is a one of a plurality of
graded (continuous or discrete) InP{ -yAsy layers that exist between the
InyGaq.xAs cladding and the substrate onto which the semiconductor is

supported. In one or more embodiments, the substrate comprises an indium
phosphide (InP) wafer. The semiconductor may also include one or more
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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.

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 or more embodiments, the thickness may be from about
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conodht IS, SRELd 1n 4R AR S bpRfciaBy MRS, Songilft of the
inciyielual layeirs of eaffedstractese h 036 wardss inoreasga by atering the
oG IBon G5k <GSl Y81, IRGgBErhd SREpaBRaH, e
coecentratioh fofarsenielin iHE3HhPR Asgé bclh’eﬁ!a 98 indréabddiin each
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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.

In one or more embodiments, the thickness of first buffer layer 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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%gﬁé%o%f-?mﬁrow %fé&fﬁ{@glfqu HHodE 990Whitb %du@b% microns.
an ots 10

guant um e thickness of wetting
| ay ern DoBIomMmMpre emadimenisusiuantid datjayer 1050 @ﬂ@pr'ses indium

oS0 Tk et ossoiy by Rt ose i aaye it e
qglasfumedots d 060 i b thickness of wetbngiiaysr Q1 may be one or two
o354 BB RE b il B of 8l Toe oastred rom
tioe botioho d058 of Jaydrel 050 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 opiionally greater than 70 nm.

in one or more embodiments, quantum layer 1050 includes multiple
layers of dots. For example, as shown in Fig. 3, quantum dot 1050 may
include first dot layer 1052, second dot layer 1054, third dot layer 1056, and
fourth dot layer 1058. Each layer comprises indium arsenide InAs, and
includes wetting layers 1053, 1055, 1057, and 1059, respectively. Each dot
layer likewise includes dots 1055. The characteristics of the each dot layer,
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10 1064 1 0 e fr u nmto
b 0 a6 ane ienall o ABEHF 10l 16 RF a0 Himout 50
nm AgGhoted bbo%é) mefvarm@hayéré&rmnmngmtquaatmmdcmayer
not ed avae t he vari ou(i%O ers surroundi n r
Mgyt ReSIIRIY ofpegativgly %ﬁq manipyja f@rCLHé%AItf Q| §echniques
fofl ﬁ%ﬂp&@tnﬁ@@&#drﬁ?l@v@ﬁthﬁ%eﬁlc@WduE&ﬁWs I{n@w in the art
mani pul ating current flow w thin senm conductor devices

as dererihed, rfo't seammple, ind).geBati Nest 6.668.5272 #p182.6V3, and,
6,8087,04% vhiln %?é” Jﬁﬁa?Popat é?ﬂe‘?&ﬁ ffé‘i‘ere‘?v'géwF&"e?xﬁn\i\ﬂbCrh one or

are’l ncor ora e erence or exa
more embodmeeltaa rfagmnﬁewnlgyerrse@arbhg depeddpeypet bm eeploying

12|g8p@$rlboﬂ Eé(@r%lurnybggi’lhﬂ'}{,' c?ﬁmta@éagg uﬁ\g.r Eﬁ'gn %@Wh‘éﬁh regions

or nagne r €gi O
orolaybswean; beatoges ‘thotype” 'bﬂ-emplg)‘yirtg/siﬁmm,cgulmg @Ilhrlumm,

sQEn bbb S 85 cnvi of oned can be preparod by

enpl Ihersgmitentductqu devicesteravisiohedcanibe pﬂe@aaed byamploying
et el af¥ Ragin R i of Tomepan bien| S BoyToly
emboaimentsy e Varldla@éénﬂdfm‘&ﬂlcﬁw fagass «ﬁﬂwelﬁrephred)hye employing
orgn%rn%—renrg(t)glﬁci: USBBP 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.

One embodiment of a radiétion emitting diode (RED) including a
quantum dot layer is shown in Fig 4. RED 1100 includes base contact 1105,
infrared reflector 1110, semi-insulating semiconductor substrate 1115, n-type
lateral conduction layer (LCL) 1120, n-type buffer layer 1125, cladding layer
1130, quantum dot layer 1135, cladding layer 1140, p-type layer 1145, p-type
layer 1150, and emitter contact 1155. Base contact 1105, infrared reflector
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Buffer layer 1125 comprises three graded layers of InP4 _yAsy ina
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/cm?3.

Cladding layer 1130 comprises InyGa1-xAs that is lattice matched to
the in-plane lattice constant (i.e. within 500 ppm) of the top of buiffer layer 1125
(i.e. the third grade or sub-layer thereof). In one or more embodiments,
InyGaq-xAs cladding layer 1130 comprises from about 0.60 to about 0.70
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Emitter contact 1155 may include any highly conductive material. In
one or more embodiments, the conductive material includes a gold/zinc alloy.

Another embodiment is shown in Fig. 5. 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. 4. 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
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covering the entire surface (or substantially all of the surface) of the device.

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 inay‘ 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
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nm, and is n-doped at a concentration of about 0.5 to 1 E1 8/cm3.

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
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and spirit of these device embodiments will become apparent to those skilled
in the art.

Of course, it should be appreciated that, in one form, the invention
herein incorporates RED elements as described. However, it should be |
understood that various other device technologies may be employed in
connection therewith. For example, RED based laser diodes may be
implemented in a variety of manners, an example.of which will be described in
connection with Figure 13. In addition, various semiconductor lasers and other
laser diodes may be employed with suitable modifications. Of course, other
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passie’ oliPg2NLikiplé E¥c@PHoards will often be used for practicality and
positioning flexibility. The x by y arrays may also comprise a mix of RED
devices which represent at least two different selected wavelengths of infrared
radiation in a range from, for example, 1 micrometer to 5 micrometers.

For most applications, the RED devices will be deployed
advantageously in variously sized arrays, some of which may be three
dimensional or non-planar in nature for better irradiation of cértain types of
targets. This is true for at least the following reasons:
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creative ways of forming a large photon producing

00t Bidclhsh 4156 00RE o B BRI ey B9V BB i g
nbisufatiucad ry afmgheéer thad minfriize8 @ost Bylirédicing the size of the
junction. It therefore requires less semiconductor wafer area which is directly
correlated to cost. The end use of RED devices will often require substantial
radiated energy output in the form of more photons. It has been theorized that
REDs could be manufactured with creative ways of forming a large photon
producing footprint junction area. By so doing, it would be 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 high power outputs
associated with the many applications of this invention, that the number of
devices would be reduced to a single device. The invention can be practiced
with a single device for lower powered applications, single wavelength
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device employed. They could further be deployed either on circuit boards
individually or in multiples or they could be arrayed as a higher level array of
devices as dictated by the application and the economics.

In designing the best configuration for deploying RED devices into
irradiation arrays, regardless of the form factor of the devices, the designer
must consider the whole range of variables. Some of the variables to be
considered in view of the targeted application include packaging, ease of
deployment, costs, electronic connectivity, control to programmability
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specific wavelengths of mfrared radiation to a product, many manufacturers

are not aware of the wavelengths at which their particular product is most
desirously heated or processed.

This is illustrated with an example in the plastics industry. Referring to
Figures 9 and 10, by examining the transmission curve of Polyethylene
terephthalate (PET resin material, as it is known in the industry), out of which
plastic beverage containers are stretch blow molded, it can be observed that
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different types of materials used in different industries and for different types of
processes. For example, PEN or PLA are materials to which these principles
may apply. As a very different example, a glue or adhesive lamination system
is illustrative. In this example, suppose that the parent material that is to be
glued is very transmissive at a chosen infrared wavelength. The heat-cured
glue that is to be employed might be very absorptive at that same wavelength.
By irradiating the glue/laminate sandwich at this specific advantageous
wavelength, the process is further optimized because the glue, and not the
adjacent parent material, is heated. By selectively choosing these wavelength
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infrared ovens and processing systems. Such ovens are used for curing
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fusing materials together or for curing glues, adhesives, surface treatments,

coatings, or various layers that might be added to the lamination ‘sandwich'.
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It is historically true however that the medical industry has not had a

practical methodology for producing high-powered, wavelength specific
irradiation in the mid-IR wavelength bands. The present invention would allow

for such narrow band wavelength specific infrared irradiation and it could do so
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invention is the first of its kind available to make solid state, wavelength

selective irradiation available in the middle-infrared wavelength bands. It can
be configured for a wide range of modalities and treatment types. Due to its
highly flexible form factor and programmable nature it is capable of being
configured for a particular body size and weight to produce the appropriate
angles, intensities, and wavelengths for custom treatment.
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result would be that when lrradlated at the chosen wavelength the infrared
energy would all be absorbed very close to the surface, thus causing the
desired heating and/or browning action to take place right at the surface.
Conversely, if it is desired not to overheat the surface but rather to cook the.
food from very deeply within it, then it is possible to choose a wavelength or
combination of selected wavelengths at which the particular food is much more
transmissive so that the desired cooking result can be achieved. Thus the
radiant energy will be absorbed progressively as it penetrates to the desired
depth.
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energy 1S high thus facilitating surface heating to
pepaned fehfiedtsing the array, a third RED el enent type

coul g B rHRRERY \Eibr foRBefiORE A’ ptentially visual sensors to the
control system it is possible to close the loop and further optimize the desired
cooking results. Under such circumstances, it may be possible to check the
exact parameter which might be in question and allow the control system to
respond by sending irradiation at the appropriate wavelength, intensity, and
direction that would be most desirable. By utilizing and integrating a vision
sensor, it would be possible to actually view the locations and sizes of the food
products that are to be cooked and then optimize the ovens’ output accordingly
as has been described above. When used in combination with a moisture
sensor, it would be possible to respond with the combination that would



wavel ength internmediate to these two extrenes in
absorption. By controlling the relative radi ant
wouaaopasbevel of the 3 types of RED enitters cpor/asmedo13306
in such an array, it would be possible to optim ze
the inportant properties of prepared food itens. By
connecting color, tenperature, and potentially visual
sensors to the control systgpit is possible to close
the loop and further optim ze the desired cooking
magtaintthe déxired ravisturel cantant. ah ds; theiaforen possibbe &s ubterstand

h t wh, h
i ofischiventian HEsBBRETn WYL hehpPRror i Srpsgry: and
c&ﬂf&le'?glritéll’g@hc'@"dm tadly tfh@hﬂi@"tl@@@hﬁrﬁow@l‘ tngfdiure. Itis, of
intensity, and di rectl on t hat, woul d

be
couise: BRFLIbIerp CaTNING thg FIRBETENGRURY HEhEaVeRYANal cooking
te%ﬁﬂéﬁfgieé tmd’lﬁ&ln@ &ﬁw@%ﬁéh kﬂv@n&‘hrﬂﬁﬁ&ﬂbﬁv&é'cﬁ)@d élﬁ)ablllty to get

[ ocations and sizes f ood roducts that are

thgebess diterd ahaaeth Qﬁthﬂﬁﬂ ﬁﬂcheolqw gs. olhg gmart contrql
. ﬁ‘f&‘?\r d'é dé’ﬁﬁ%ﬁ@& t@BS?tugﬁﬁﬁHe%&hQHB\fﬁescyﬁﬁﬂ\égﬁﬁ&n' n

ombi nat I on a Nol s sensor .
tepbseldgyentoemlmspm witht thet canvestipnabeoaling technalegiesvo

2007# 4%?3%%55%[ Qsag%gl%}ﬁ'\li%aveléﬂlﬂer e o?%uﬁ@ﬁe ahsorbed by

desi n re, possSi
one foodiand tremids Highilytabsosiogd byta secend fand, to be very selective as

e Bt a BRlaF B Hdthd i SRS Blak8lif o SR Pt B foqd oThus it can
bé udersteod tiadht EWehém@iugfihe Idomisinatidns and peemubatiaisarnd
intg “ﬁ%’ BP%%%W ypEdothatialara gesiabBra Cove ehisye a wide

rdfAge érﬁ%?@éérleutcbdm@%suwshe best bl end of
each of these t echnol offerin The smart contr ol
syst ¥Vt 8y of the aeell%ww theSuUDiRatiIRYSRigRy itS Pgssible to use

VARGES Ensinly 8Pb&AM gl @ \AsYs tdaERigD: NAs 'dé@lrétitd?réchénahty of

convent i onal cooklng technologies. It is also
theoiseidiation eperayl edhe ahosRIY braryaudinghdeviges ngugde chosen

aé@@%ﬁ%@%ﬁ% fuﬁ’é} Meﬂﬁgvﬁeh?ﬂ?omm%rﬁ RidBE S%yglﬂ?ed or

e very se Ive as e ano
direateidn By uahzmgml tm@eretood techniaue sgfos diffrectiomoefraction, and

reﬂérllé%’noht t‘?é'l osQB er rru t ogg%ﬁﬁ:r@?@ﬂﬂ??:ﬁlgbggf an array of

na |o s an and 1 nt ens
RED deviceadn elesitgd mhretchansaﬂy pregeamaiaidy costrobingdhe particular

B8 P e BRORr SRy BRE AR ot HIBR8TEEE i possie o
ashijeca wildes ertgeoni, irmadiatiorpsalectivity. t By cheosinarsteady state or
PR e BT 8 BB MBS Ao gl
i m ISLDU.#SMe tevaise shefwictionatityoswsn furtheropriately to

ou addaeh s JetRitregRastes i aBbidHtionish et enetoy
phﬁfd‘rny m fry 1.9 tof 3.8GhiceOmetarsranbe oM shalRi be obvious to
anyone skilled in the art that similar material heating effects can be achieved at
other operational wavelengths, including longer wavelengths in the infrared or
shorter wavelengths down through the visible region. 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, for certain types of applications, to combine other wavelength
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i N cComrer ci alg y available LEDs that operate in

he
aRsarphiee angs: (Wavelength bagds of litte or no transmissmng are evident at
several wavelengths including 2.3 micrometer, 2.8 micrometer, and 3.4

micrometer. The basic concept associated with the subject invention is the use
of RED elements designed and chosen to operate at a selected wavelength(s)
within the 1 micrometer to 3.5 micrometer range as the fundamental heating
elements within the thermal conditioning section of blow molding machines.

Figures 11a, 11b, and 11c show an example ensemble of individual
RED emitters 10 packaged together into a suitable RED heater element 100.
In this embodiment of the invention, the REDs 10 are physically mounted so
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heating systens. This application describes a
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Additionally, a bulb 150 is optimally used in this embodiment of the
invention. The primary function of the bulb 150 as applied here is to protect the
REDs 10 and bonding wires 80 from being damaged. The bulb 150 is
preferably constructed out of quartz due to its transmission range that extends
from the visible through 3.5 micrometer. However, other optical materials
including glass having a transmission range extending beyond the wavelength
of operation of the REDs 10 could also be used.
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known within industry. These neans include passive
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air cooling, and active heat sinking using water or
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In the preferred embodiment of a blow molder operating using the
method and means described by this invention, a convection cooling system
260 is also preferably deployed. This system removes waste heat from the air
and mechanics that are in proximity to the preforms 240 under process. A
conduction cooling device may also be employed to do so. Heating of

preforms by convection and/or conduction is known in the art to be deleterious
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HéWi’ﬁ/lefr' &3 some examples, the system may control on/off status, electrical
current flow and locations of activated devices for each wavelength in an RED
array. , :

In still another technique implemented according to the present
invention, a mefhod for heating the container using laser radiation is provided.
The laser light illuminates the container, normally in its "preform" stage, soasto
soften it through the absorption of light. The container is subsequently blow
formed. The method of delivering the energy, and the choice of wavelength(s)
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many wavelengths from which to choose for satisfying this requirement. Wall plug
efficiency for most lasers is between 10 and 20%, which, when matched
properly to the absorption of the target, will result in 8-15% heat transfer
efficiency, compared to only several % for the existing method..The spatial
coherence of laser light allows it to be placed exactly where it is needed. This
contrasts favorably 1o the standard practice, where the light is emitted in all
directions from the bulb filament, and must be collected and pointed in the




determine if wavel engths can be chosen such that one
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beam, and lead to increased inefficiency.

The ideal system would start with the choice of laser wavelength. This is
driven by the container material and thickness. For a PET preform with 4 mm
walls, then a wavelength around 2um would provide for about 90% absorption
through the entire thickness of both walls of the preform. This is determined by
using Beer's law afh,d the coefficient of absorption for PET (alpha). There are’
several lasers to choose from that emit around 2 microns ; Raman shifted YAG,
Ho:YAG, and Tm:YAG. These are all YAG variant solid state lasers, and are



refractively or diffractively, to the desired spati al
and intensity profile, before it strikes the plastic
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then a sinple cylinder lens is adequate to produce a
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attenuation. The operative principle is to deposit energy from the raw laser
beam into the target component by rapidly scanning the beam across the
surface of it. If the scan rate of the laser is very fast relative to the motion of the
targeted component and the desired rate of heating, then there is no difference
between the two methods, from the target's perspective. All of the other
considerations apply, but avoiding the extra optics can be advantageous. The

scanned approach does not require HOES to be designed and manufactured



irradiation pattern. It is not necessary, and may be
advant ageous, for the spatial profile to be snaller
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The system 2000 includes an implementation of an RED based laser
diode array to generate that appropriate energy wavelengths contemplated by
the subject embodiments. As shown, the system 2000 includes a solid state
RED based laser array 2002, a scanner means 2004 and a transport system
2006 for exemplary target components or preforms 2008 to deliver the
components to a thermal treatment region of the system. The arréy 2002
includes a circuit board supporting the RED based laser diode devices 2010



energy with just the one pass. Wth reference to

Figure 13, a system 2000 is illustrated. It should be
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lasers have the desired coverage area and beam overlaps which would be
appropriate to the application. In this case one or both of the scanner means or
the conical mirror, might not even be necessary.

It should be further appreciated that individual L-REDs may or may not
use any collimation or focusing techniques, depending on the specific
application. There may be applications where diverging energy of the diodes
may provide better coverage or beneficial overlap by way of the wider field of



of the various manners in which such notion can be
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environment. Of course, in the environment of a slower process, or an
environment of scanners having improved speed of operation, fewer scanners

may accomplish the application. In some applications, a single scanner may
suffice.

Referring back now to Figure 13(b), multiple scanner devices 2004 are
displayed in the system 2000. The optional conical mirrors 2002 are
representatively shown in association with each scanner device 2004. A
conveyance device, such as at 2006, and product carrier sites 2007 are also
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X-by-y array of diodes is shaped into at |east a
portion of a cylindrical configuration to facilitate
the ultimate delivery of energy fromthe | aser source
to the target conponent. Agsshown, these beans are
directed toward a non- planar, e.g., a generally
showni matrackthg la@¢ 2008 406 N6 (Giid Of:t‘né sdaemealxdgvz:enmomct) and
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irradi ated gem ic to its needs cours
REDs are described in connection with Figures 12a and b and 13a and b, an
appropriately powered single laser system may be used to generate the desired
irradiation. Such a system would require changes to the systems of Figures 12a
and b and 13a and b to accommodate the architecture of a single, more powerful
laser, however. Any such changes will be apparent to those of skill in the art. 1t
should also be understood that various combinations of solid state lasers, laser

diodes, L-REDs, and traditional laser systems (as well as REDs) may be



t he nunber of scanners, the tracking arcs, and nunber
of conponents treated by each scanner device w ||
wo ary/1a2B function of the design and objecti veeT/052087/013306
particul ar system Further, the scanner device 2004
may have a mrror 2016 associated w th the scanner
device, the mrror 2016 being operative to direct the
radiant energy into the seLsg.t ed portions of the
target conponents. The device nay also be capabl e of
m'rpﬂ@ineatdd tfocadHieve e bjectvesrafpomertand wapélength(s)afdhe
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on can be controlled through signals
tdyiniek TGy

the control system In one form input
to t Rigwestidel7 dlustrate methedp peccertlingy ta theppresent invention. It

SIS Bl B e Pl PGS T S s suabie
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exdaited atitththegtenaperatureycarftrdl ayetendi28@es or L- REDs are

s Bt nsoe A3 FaB i el hahed 20510 4he hdffe
trEBMERt wm@rmgpme rp?émrtrt@as@wmduthnrr@meaﬁa@@ stepectf

a systemwoul d require changes, to the systens
Opplices Hreforms 4 aRdranse \ﬂataocqz\e%/m&é’é&tgrqw a thermal

n-ﬁfrﬁt’&'nh@céﬁﬂ Soﬁtfrolasy%'télﬁ@lo (Ble Fmyeidtdoursdsieshould be

owevei. Any such'changes w || be apparent to those of
uaﬂewstom thatewithrall emboglipents %hcwnacsqnweua@%cﬁjsmﬁle means

gﬁé* %{8@@5&? r&xposlir dé Uit of WithBut 88RVeyanicas ﬁ{ay b

and tradi'tional laser systens (as
eamlmﬁt») Theypretorns Marqwmmmmsmamnmmgmal mrared

AR FEEDER 1, 260, B e DD, LoPaiesTRtainen
witbirnthe thgiresl megnitogingcarid oexltrol systeme2 1 (Steps310). A convection
cB AR AT ERT 25590 L 8BRS SACHS g S MR S5 Bk gypcnanial
companents adthirothgatHeemat nmrgtprmg ar’ldacbralselrsysmmcml (ht&tep 315).
o Wb MRS B TP HEL RO S AL bR el Byl
ognmmnthurms e st ddt30 1¢ ¢5tep1al @), the beseesst dfdrradiating
ptrerf%pr%rsnéc{o usmg sc%mng infrared lasers (e.g.laser-based REDs. or laser
diodes) is replaced with Step 320. During Step 320 of method 301, preforms
240 are irradiated synchronously to their motion through the thermal
monitoring and conditioning system 210. This synchronous, pulse irradiation
provides substantial additional energy efficiency because the L-RED devices
that are currently aimed at the perform are the only ones that are turned on at
any given instant. In one form, the maximum output of the pulsed energy is

synchronously timed to the transport of individual targets.



Figures 14-17 illustrate methods according to the
present invention. It should be appreciated that

wo b@sa4gret hods nmay be inpl ement ed usi ng suit abP@T/US2007/013306
sof tware and hardware conbi nati ons and techni ques. For
exanpl e, the noted hardware elenents may be
controlled by a software routines stored and executed
with the tenperature controlg ,ﬁystem 280. Referring now
to Figure 14, a preferred nethod 300 for the thernal
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prgRie 240 U810 2 Ss3MPITT Tiated BtanBsys i, B piiing; an array
ofﬂagéloba’s?ed RKREDsOr uamf diodés)gly epldced WlthFSteprBﬂ(h ofuring Step

33 st mealfon SRS PPefismechast rcBlER ieBaRusd Sipdnionoliaiydo their

mbﬂongﬁﬂﬂfgﬁih% ir@wm n’f&mbnﬁg%rrﬂyc@idlﬂémhgr té}ﬂ@ﬁﬁ
t hey_ent o the syste F ﬁ;g andt refore
how ?H]@r? &t ‘%%ﬁ"ﬂés@ﬁd&a Y o 5 Hesat?de qrgcular
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ovvlng“e Apre orms 240 are then transported via a
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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.



control system 210 (Step 305). A tenperature contro
system 280 using the tenperature information supplied
whgoorhe2eenper at ure sensors 270 to generate aPCT/US2007/013306
preferred control signal to be applied to the scanning
infrared | aser subsystem (e.g. an array of
| aser - based REDs or |aser diodes) (Step 330). The
preferred control signal is.gfen comunicated fromthe
tenperature control system 280 to the scanning

What [sa¢lainé@sger subsystem (Step 335). The preforns 240
are then irradiated using the | asers contained within

the thermal nonitoring and control systens 210 (Step
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i nvention broadly and one application embodi nent

specifically. It is recognized that one skilled in the
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t he wavel ength

4. The system as set forth in claim 1 further comprising a scanning device
operative to redirect the thermal infrared radiant energy emitted by the array
into selected portions of target components.

5. The system as set forth in claim 4 further comprising a mirror
associated with the scanning device, the mirror being operative to direct the
radiant energy into the selected portions of the target components.

6. The system as set forth in claim 4 wherein the scanning device is
capable of redirecting the radiant energy within a planar, two dimensional



range from1l.1 to 5.0 Mcrons via a direct electrical
current-to-photon conversion process and wherein the
wo amen4etepdes are di sposed in an array so thaPCEUS2007/013306
substantial portion of the radiant energy emtted from
the array is incident into portions of the target
conponents. 2. The systemas set forth in claiml
further conprising a non-plaggr mnirror specially
shaped to facilitate inproved thermal infrared radi ant
scanfirgy redieh ianeryhéreby artHitd dinsensise of thatibesisi provideldeby a

target conponent, 3. The te S se orth.in claim
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at | east sone devices which have diverging irradiation

beans such that at |east sonme of the irradiation
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he systemas Set forth in claim1 further conprising
regidfanni ng device operative to redirect the thernmal

infrared radi ant energy emtted by the array into

sel ected portions of target conponents. 5. The system
8.as sEhefsystemias sstdorth 4n tlaimh2 wheoeiprtheiscgnaing devce is

. ; c . devi . : . Cra
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stem et fot'hin claim4 wherein the scanning
d Wg@cfléy?l}%ﬁ%{rg S® i recting the radiant energy
within a planar, two di nensional WO 2007/ 149221
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region. 7. The systemas set forth in claim4 wherein
emﬁge% by e Agraydoiceelpstedpprdions chfangsl crEmAnegis-he

radi ant energy within a three dinmensional scanning

region. 8. The systemas set forth in claim7 wherein
1@.he Ibarmysigm@sseidorth in glaigy hiwhasen ke mpangopesative to
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The systemas set forth in claim1 further conprising

mul tiple | aser scanning devices operative to redirect
11he Thersysiemrds setddrthddiciaim &0 evigreireaiconrdl meansds arranged

o HERIPTR AnED S5t FEal SirroRl B o8 eltiBd Hifpdiasd taser
dioglesaio that tise tine@ b their Aaadianveryergy outpancarobe lsyhchironized to

to repetitively transpar he pl asti .
the conveyance mean to ﬂre&ﬁa%e {he ta'?g& as Sesnred.

12. The system as set forth in claim 1 wherein the RED-based laser diodes
are operative to emit radiant energy in a pulsed mode, with the time of pulsed
output synchronously-timed to the transport of individual molded target
components through the thermal monitoring and control section.

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



target conponents into and out of a thermal treatnent
region. 11. The systemas set forth in claiml10
wob@raiar2e control neans is arranged to deter PETES2WBM13306
el ectrical current is supplied to sel ected RED based
| aser diodes so that the timng of their radiant
ener gy output can be synchronized to the conveyance
nmeans to irradiate the targg7-as desired. 12. The
systemas set forth in claim1 wherein the RED- based
14i: aserhealspsiem aarset &préh it ¢lam t18 whetein dide anhda«mmrgpoblu'ng
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di ode arrays to continuously conduct heat away from

the devices to keep their tenperatures in a desired
16.angEhe $ystethasset fanth asclagh fflowhbrein ectemperhtdrer ¢drtrol
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whereby | atent heat"” content can be determ ned. 16.

The systemas set forth in claim15 wherein a

17. eNPEh@ sy sRn aBtded fortls WS ERIMI 15 WhefeihAng Qé‘ﬁ\béhﬂure of
control signals to apply to the RED based | aser
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tenperature o subsections o e target. conponent
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| aser heating to
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sec ions o t corrponent to heat it to a
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subsestions of the targhtcompgaentarepmeasurad by veasaf adiugtyspeed
e Lo b8 B il SRR i g are
component and closing the loop with the control system to uniquely irradiate
each individual target component as needed to produce the selected

temperature profile for subsequent processing.

19.  The system as set forth in claim 17 wherein the temperatures of
subsections of the target comporient are measured by way of a high speed
infrared camera subsystem which is capable of measuring the temperature of
each individual target component and closing the loop with the control system
to uniquely irradiate each individual target component as needed to produce
the selected temperature profile for subsequent processing.



conmponent and closing the loop with the control system
to uniquely irradiate each individual target

waoeopament as needed to produce the selected PCT/US2007/013306
tenperature profile for subsequent processing. 19. The
systemas set forth in claim17 wherein the
tenperatures of subsections of the target conponent
are measured by way of a hig#;speed infrared canera
subsystem whi ch i s capabl e of neasuring the

20L eNPRAcystenPhs seffdhh totind Yavhérig the aprayBTREDAMSed laser
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thé pasticLlactargetr companehenas been angeufaptiaretii cal |y t uned
to the heating requirenents of the material from which
the particul ar target conponent has been nmanufactured.

222, Tine spehe of efaiml 21 Whaieie 164t tab WavslenbiMs are chosen for
wavel engths are chosen for the irradiation of the

the jradiatiga ©f fhe target hecause phtheoabserpiiondpigseharactaristic to
edch waRSIBnYAY Rl SNBREL sémaloftkd targe EBn{Hoﬁé?ﬁ’strﬁé%?Fal

conponent™s material conposition. . The system of
COMRASAION: wherein the wavel ength chosen for t he

irradiation of the target is chosen in accord with the

target conposition material's fundanental absorption
23 andBhesystem oficladm 2 bwhpreinithe wavelength ehosepffor the

in§BRERbrAS bt BRbRERI 65T il floy AGH! BdmpBBfEH
maferiadiatfungamleetalmbmpmm paed® and ipchosen do Sptiatizd at least
ort §tteqifed YRR BERERITE Mocaeh ndr g’ SERRUSIdbeling, or
thiokebes 1o bettigrtgd. a thernmal nonitoring and control

section of a blow nol ding nmachi ne; raising the
tenperature of the preforns toward a desired

241 OCA RGO dfEHERITR] thefmblpldstit 3bRirhitdphidretonstRiten How
| aser diodes configured to emt at |east one
mg@ ’é‘%?@ﬁ’m &g metbed crEmnising the stepsef adi ant

ener gy répatitively transBBRing P eBries bt pr&tdrparthidih &tnddtal
monitoring and control section of a blow molding machine;
raising the temperature of the preforms toward a desired processing
temperature by irradiating the preforms using laser diodes
configured to emit at least one selected wavelength of thermal
infrared radiant energy that is incident upon selected portions of the
preforms; and removing waste heat from components of the thermal
monitoring and control section of the blow molding machine using a
cooling system.

25. The method of claim 24 wherein the wavelength chosen for irradiation
of the preforms is chosen by knowing the absorption characteristics of the



prefornms; and renoving waste heat from conponents of

the thermal nonitoring and control section of the
wohbk@wimnkdi ng machi ne using a cooling system PCHUSINB013306

met hod of claim 24 wherein the wavel ength chosen for

irradiation of the preforns is chosen by know ng the

absorption characteristics of the WO 2007/ 149221
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measuri ng tenperature of incom ng preforns to gauge

| atent heat content prior to entering the thernal

2Roni tTde mgthedias set fath ineckain 24 fugthes camprising the steps of:

neom ngasERBbishierdfy 8 HodhBRTRRAR 1B idE ltent heat

control cemtgnhpu'ot 1) ehteringsthe tuéndasmonaorigg tamel @cmttdl @ectnon

signals ri.cal curren

sel ect efl 'Iqea'%gﬁ ﬁ%&@%ms CFQPP E’ed‘ﬂﬁ °F’§S based on the
synchr oimcpeting préfoem treha;mnmesﬁeans 27 The met hod

as set forth i.n clat 26 wher.ein the gdlatlon

out put SPMMinicating thege cRIUrgl signais F%@?ee se6 dirdes;

i nci denﬂsmgﬂhe%lnﬂ@l sigrags o Qﬁﬁlycﬁrobéﬁy ﬁf‘r%‘cpé@cﬂ‘}tal Burrent to
scanner #ece which js operated synchronous to

t r anspoP¢iegied 'ﬁﬁ?(lplﬂ%s syshethat their QBtPUTFﬁeSYmhféalzﬁﬂ to the
set fortrBngporg hiddng24 further conprising neasuring the
tenperature of subsections of a target conponent and
generating control signals to apply the |aser diode

ohreat "I‘Wz Fn@tﬁcft?a§ %Q??&{H i?'péla M6 Whﬁréfﬁgﬁ%ﬂ'@&igégﬁ output of the

forth in claim?27 whereln t e scanner

lasies gliedsfis| redireatadsio I@mru:mmnntqmectedmniohamgehe peeform by
=358t S Sy o0 oS AR MRPaBAEb fvicua

prefoenai m 27 wherein the | aser di odes are RED based

| aser di odes which are configured in nmultiple device
arrays. 31. The system of claim 24 wherein the |aser

28i oddhermathad asset forthugneaine @4 faythelr &cmrfrisim mb’ﬂs*lﬁmg the

B, atieetobSioy 4 BredkhorgPeRemand papsei control

sngaaisam appigtthe tseradiod@heating th ehs KEbSsigHEr | si ng: WO
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29. The method as set forth in claim 27 wherein the scanner device is
programmably controllable such that it can change the time that the irradiation
is incident upon selected portions of the preform.

30.  The method as set forth in claim 27 wherein the laser diodes are RED
based laser diodes which are configured in multiple device arrays.

31.  The system of claim 24 wherein the laser diode irradiation is augmented
by also using quartz lamps irradiation for heating the preforms.

32. A system for selectively injecting thermal infrared radiant heat into a
target, the system comprising:



-60 at |l east one solid state radiation emtting |aser
di ode the at | east one |aser diode being one of a
waedogated wavel ength of thermal infrared radi BemT/US2007/013306

energy output for an associated application with the
target; a means for positioning targets so that they

may be heated by the irradiation of the |aser diode
based system a nounting artgmgenent to position the

at | east one laser diode in an array such that

irradi ag iléz?:sttdri:@rﬁlmtesmﬂ:ami edwut'mfgqased eioﬂe:i;the at least one
portions of .the tar cont i ng.
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| east Qa8idnRaAbrdl OGpuMsH AP ¥ sSodlhteRrapSicatibhi with the target
current-to- photon radiati on conversion process occu

to gendrEeansier pasitiaRing tAKRta RO Wk ivgy may. berh@ated by the
SyStemlﬁéd%ﬁgayrﬂ?Q ddr @d %ge YWagsRim; the at | east

one | aser . est rmof an X by y array of
i ndi vi dugiounting rartangﬁemmtvtpdmlmtm at least ong lararidiede in

f th i S, ' ' .m |
Paci 11 1 8y SucTip HRAGRRo n G cpls fecteBifild dicoted
at t he doatiges of the target; apdt em of cl ai m 32 wherein the

cust om A B GenEpfg e Kiobdiig elintb Segigal current to
ar r angeherit léast dr@;:labéfj dioelteg wr&rreby? @i'récft@tld;]crtgcalfmjrrent-to-
necessar uanta of radi ant ene owa e

35, ThegHep énvigHe |cgnnﬁr§3°wé9% SSaits fo gBerhd fig therma
t he f orrdeint @inek@®as one chi p-on-board or ball grid

nounting array o indivi dual devices to facilitate
directing irradiation toward the target. 36. The

33YSt TRbQy sférﬁla@ a6 (AR e cimhe2 WHeﬁéintthBCétrléést%hé’\ﬂs@P diode
t he Iaser di ode devices are nmounted are circuit board

takesting dern ioh A8 XAy ¥y airayobiadiigealdaseediode davigrs amféa{t least
a?W?tYoﬁ gpmﬁﬁﬁa 3 aﬁbﬂg?alﬂﬁé&{)ﬁﬁﬁ aPformtaaghi t@'q\ general
["ar m 36 It as

ere e clrcu oar s on ich 't er
aimiog@fdbeira@ignaeaemymtbe targad. heat sink devices
associated therewith for conducting heat away from
the | aser di ode devices and the circuit board. WO
32.007Théx3Rte REF/ciBA08Z M E38DGthe @tlle88t ot kasey sticae dakes the

refocot st a ayrrea e K or gl vieEE, sl hirangement to
fagiitatet gendrally direstihg tleantneddessdnsijaanta éfrradidritensygy toward the
target.

35. The system of claim 33 wherein the arrays are in the form of at least
one chip-on-board or ball grid mounting array of individual devices to facilitate
directing irradiation toward the target.

36. The system of claim 33 wherein the circuit boards on which the laser
diode devices are mounted are circuit board configurations chosen to be
operative to conduct heat away from the laser diode devices.

37. The system of claim 36 wherein the circuit boards on which the laser
diode devices are mounted have heat sink devices associated therewith for
conducting heat away from the laser diode devices and the circuit board.



39. The system of claim 38 wherein the heated |iquid
mediumfromthe 1iquid heat exchange neans is pl unbed

wWo eoomhee1 it can be used for other heat gain PERUS2007/013306
40. The system of claim 33 wherein the x by y array of
i ndi vidual | aser diode devices conprises at |east one
| aser di ode device which produces radiant energy at

_at | east one additional selegfed wavel ength of
infrared radiation in a range from1l.1 mcroneter to

3& mMTheswsem of tlairhes amer@'mméani; &mmcﬁ'&ium'ﬂgaieattdmy(

. Wy array .conprises a m x of based .devi ces .

inlioén 3 i S eEEnds Bckefiorhiatiertoriove the et & substantial

diganebdrsthithe ®ysidiar mal infrared radiation in a range
from1.1 mcronmeter to 5 mcroneter. 42. The system

of claim33 further conprising a control system

30N {6 Sfdiorh &1 8RR 83 GirAthe Hedtbd IBARS mdefiurk fram the

on/ atus ectrical current ow,” and | ocations
ligedd beat exchangemeans is plunsbed taanharertcan bepusactior other heat

le ntelé%l array. 43. The system of claim 33 further

conprirsSing a control systemconfigured to have

separate control of sub-sections of the array for at

40,5 [n8 39 sfim B B O whler S o el Yo BRindVida beder dioce
dedees compyisescinéast orgyiasendinael denice avhitio psogiydes rabitant
errG s el et oneaiihEaLsuSet i re BhiiaP dfes FRfifion in
rapgetiterh £Y Thighionetsitersiiistonigtepul se  the system at

el ectrical current levels that are substantially
greater than recommended steady state current |evels

41.0 athe %wgté}hgiie;nauﬂws WHtr¥in 19l b?@ arphy BShiprisk8 a mix of L-

EU sed operati on, such system resEon |ng to an I nput

RED based deviceswhigh raptasentﬁgableaﬁ o g anbfé@legtaobn
w%léﬁ@ﬁ%&éﬁﬁ%}ﬁ f%%gqgéﬁﬁgﬁ% ara mdif ﬂ? rﬁbé?&'ﬁg}er to 5

I m 45 wher el e control syst
miggametees the ability to synchronl ze the intensity of
the pul sing operation with noving targets. 47. The
.system of claim32 wherein the at |east one | aser

42l odthelsystem of abaipT 88 durther compiisiog anboirpl sydteimeronfigured

toSiiafiy Prof iesthhas of Bnff ol HeeEss! bifudu qw,qnd
looatiohsbfradfivatedrdavicasier eaBhvaleiength @presaptedyin th@array.

multiple circuit boards configured in a three
di mensi onal arrangenent whereby better irradiation of

43. ceThaisysterpeofdiairnsg ¢lrthie@sedrhprising a control system configured
to have separate control of sub-sections of the array for at least one of position
within the array and intensity of output.

44. The system of claim 32 further comprising a control system configured
to supply the electrical drive current to facilitate a pulsed mode of operation.

45. The system of claim 44 wherein the control system is operative to pulse
the system at electrical current levels that are substantially greater than
recommended steady state current levels to achieve higher momentary
emitted intensity in pulsed operation, such system responding to an input
signal to determine a timing of the pulsed operation.



49. The system of claim4l wherein the array further
conprises at |east sone of the L-RED devices

wop@ratizee to produce wavel engths in a range POL/E8ZNO7/013306
the 1.1 to 5 mcroneters range. 50. The system of
claim 32 wherein the neans for providing electrical
current is a progranmable control system operative to
control at |east one aspectgmf systemirradiation
out put. 51. The system of claim50 wherein the

46pr ogFheeTspdtem obolaiml453whemfm tio® npntrsbsysien*t Ratier goMmprises
rom atu en i S operativ

the, Al S, BV hrbh B R tfensity gi s Sbsing oRBEatimuiinanoving

taigjeltdl the at Ieast one tenperature sensor input. 52.

The system of claim51 wherein the progranmabl e
control system further conprises at |east one

47. Nt effid Qﬁé‘bﬁ@f‘él’éﬁm'mhel?éin RE iat @&as@tda\%naseﬁg%teﬂéﬁuent
about the target topgvow data used in nodification

copppriges @agfraarcef myliple laser digde dgycesconfigdrest inon
a @é@%‘r‘ﬁenﬁﬁ a gﬁlﬁ?t?}‘:ﬁém% éﬁéﬂ@éﬁ igfr&tiGh.n the at

St one inte ent sen - ncl’'udes a canera
system WO 2007/ 149221 PCT/ USZOO?/ 013306 -63 54. The
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multiplet mrculhboamsgmmgmrad in aalstee)dmem;ienal arpaygetdehtwhereby
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claim 32 further conprisi ng at | east one
appr.oxi mat el i, cal ror operative to facilitate
49. npr'@‘v%a steref P(%' b%rfén th& @irizph fugihier spmRnsesAt least

sOrf@.of tt@&-neoade\ﬁéeé é?éf tﬂb%%ﬁoﬁﬁéé’ walRiérigtasin a¥ange
The system as set in claim32 further conpri si ng

ouisige dARitng toée'\'/‘FQf@"@é%'iSd'ﬁ”Q@ to redirect the radiant
energy emtted fromat |east one laser diode into the

targets. 57. The systemas set forth in claim32 for

5Q. heQEfamvstgm of ﬁialmu 32 wheeeinihe gneans fargyovising elecrical

cn.{rFéHt (§at rbg ﬁﬁ)b??hoﬁﬁﬁf %ﬁtgm 66%%}11(15 99 cBhntrof '?Felagg%e

aser scannlng

aspeet nfjsystam qwgiiah?@ri\ gotmit . 58. The system as set
forth in claim56 further conprising a mrror
associated with the scanning device, the mrror being

51operHte sgsteon oédlaiecio Wherematié qmrbgmmn@blé pontrohsystem

cte rfions_ of, the t onents The,.
ook fiuten 41885t ORETnRlt 1OF o el s et an B anatatve to
cheheigecat least one output parameter in accordance with the at least one
temperature sensor input.

52.  The system of claim 51 wherein the programmable control system
further comprises at least one intelligent sensor input to monitor other
parameters about the target to provide data used in modification of at least one
aspect of the system irradiation output.

53. The system of claim 52 wherein the at least one intelligent sensor input
-includes a camera system.



capabl e of redirecting the radiant energy within a

pl anar, two di nensional space. 60. The system as set
wo eoorh49221 cl ai m 56 wherein the scanni ng devi cePCHUS2007/013306

capabl e of redirecting the. radiant energy within a

t hree di nensi onal space. 61. The systemas set forth

in claimb56 wherein the scanning device is capabl e of

bei ng programmably control | gggsuch that the system can

be programmed to direct selected quanta of radi ant
54enemye tsysterxeof tlatmsegwheeeinftha temmperatgre segsdr dympeiges a

tn eyl 560 BATReR DGR RiooG) BV 87 B gt one aspect
béy@ﬁaethat ivPfcHRE @S beMmbateRid E}Oa‘g_ligﬁ%étﬁblﬁﬂ@ﬁipé?réturét

I"'east one of PET preforns or ottles during the
MeASYICENeRHRSNSOf-uri ng process. 63. The system of claim
62 wherein the systemal so i ncorporates at |east one

nmounting facility for -a quartz |anp proximate to the
5&;at hlbe syetemyars@éfortm imbalgimt3further eemprising 6t least ane

aggdro@ @aﬁHgfbggdgé r\ja\}t{?% l't(? Fércgl CLQ{? ﬂﬁ&to@rteh‘mr&fnv Bf the

|rra|a|on rom ron fromq
rabtimmienergyt from htkiast ohearraynohlaskodicaies! mtadthlGOtagget
target, the nmethod conprising: |ocating the target
for exposure to at | east one thermal radiation
5&m tThe@ysieans as giit dokth |mcmng$21dg,|rtﬁw mmbnisils% aoseanning
ts.irradiation.into t
dquiie eperabiedbreRipt bty By snuaf i Al fpagt gre laser
dible into theaatgedse radi ation enmtting |aser diode; and,
choosing the at | east one | aser diode which emts at
| east one specific wavelength of" irradiation which

5Z0! I PRe Y eterh %stééQ féﬂﬁ @& Elatmeds %rﬁhé%mpnsmg multiple scanning
characteristics; further selecting the at |east one

deviges oppraivedodrdiragl thenadiantienardy emiitgd fram a4 leastione laser
dibBe iR, thd F‘gété Oé‘é%rhécéﬁ’mﬁ YeVidd RN %f?ﬁﬁhbvﬁﬁgnment

I njecting eat at e at ast one sp c wavelength
into the target with irradiation fromthe thernal

m t (e e
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cI aim 64 wherein the at | east one
59. The system as set forth in claim 56 wherein the scanning device is
capable of redirecting the radiant energy within a planar, two dimensional
space.

60. The system as set forth in claim 56 wherein the scanning device is
capable of redirecting the. radiant energy within a three dimensional space.

61. The system as set forth in claim 56 wherein the scanning device is
capable of being programmably controlled such that the system can be
programmed to direct selected quanta of radiant energy to specific regions of a
moving target by way of the scanning device means.



speci fic wavel ength is defined as di odes producing two

or nore different wavel engths are used such that the
wa@oeoitmeaei on irradiates the target to the desPerUSENT013306

by conbi ning the characteristics of the absorption at

each wavel ength. WO 2007/ 149221 PCT/ US2007/ 013306

-65 67. The nethod as set forth in claim®64 wherein

the at |east one radiation .gqotting device is

operational in a pulse node. 68. The nethod as set

62|c or t‘l’he RyStlemh of ﬁlﬁu‘hut wherein Qh@{pl@stngtam@ﬁmt{mpgngms comprise
east one ture o ortio e

atdSamnod phE BTk of PET Solise Hikfashidalle franitacturing
prébésent based on the tenperature. 69. The nethod as

set forth in claim®68 further conprising measuring at
| east one terrperature of each individual target and

esg! SE’E EFe %i’r\énﬁ?%h Pe.n%ﬁa%gﬁsérﬂ%?&gﬂm%?aafagés at least

nor |rra|ate ea tar as nee
oneeamrlthe fapiity for @dquand 2nap mrexnmEUe tcmlae path eﬁc@mveyance
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rise a conveyance neans ere tar
augruedtationoofghetilradiatiohifram diodeslinvithi nrradrairgno‘rom quartz lamps.
repetitively, including a path of travel in and a path
of travel out. 71. The system of claim 70 wherein the

64.aseA rcﬁaldn]ebﬁmdhahbaradpﬁeduc @mrgdt thy nmabﬁ icomprising:

| | th
o mvioG aling The ST ar Pxriasutp G shleRst AnehRTaLsaciation emitting

|ag@|rra@d@nd a Iaser di ode system while the targets

travel throuhthe conbi nation thernal treatnent
syst @ffpnging the at least one laser diode to direct its |rrad:at|on into the

target:

selectively supplying electrical current to the at least one radiation
emitting laser diode; and,

choosing the at least one laser diode which emits at least one specific
Wavelength of irradiation which corresponds to the target’s absorption
characteristics;

further selecting the at least one laser diode such that the radiant
energy emission is in the range from 1.1 to 5.0 microns.

selectively injecting heat at the at least one specific wavelength into the
target with irradiation from the thermal emitting laser diode.

65. The method for heat injection of claim 64 wherein the method for
locating the target for exposure involves a conveyance means to repetitively
move targets into and out of the exposure area.

66. The method for heat injection of claim 64 wherein the at least one
specific wavelength is defined as diodes producing two or more different
wavelengths are used such that the combination irradiates the target to the
desired end by combining the characteristics of the absorption at each
wavelength.



WO 2007/149221 PCT/US2007/013306

-65-
67. The method as set forth in claim 64 wherein the at least one radiation
emitting device is operational in a pulse mode.

68. The method as set forth in claim 64 further comprising measuring at
least one temperature of a portion of the target and controlling the selective
supplying of electrical current based on the temperature.

69. The method as set forth in claim 68 further comprising measuring at
least one temperature of each individual target and closing the loop by way of
sending needed control signals in order to irradiate each target as needed to
reach the specified temperature.

70.  The system of claim 32 wherein the means for positioning is comprised
of a conveyance means whereby the target is moved through the heating

irradiation region repetitively, including a path of trave! in and a path of travel
out.

71. The system of claim 70 wherein the laser diode irradiation is augmented
by positioning quartz lamps along the path of travel of the conveyance means
and irradiated with both quartz lamps and a laser diode system while the
targets travel through the combination thermal treatment sysiem.



