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

selected wavelengths or tgauigeRIhdNgehthmvadiadion. The invention is
particularly advantageous when the target is moving at higher speeds

and in a non-contact environment with the target. The invention provides
for an infrared system of selected narrow wavelengths which is highly
programmable for a wide range of end applications. The invention
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bottle preform reheat Operation, the concepts contained within also apply
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peggé ca%c?r?s”al%e!lfr?\tl n %rnt?a;g]&es a new and novel type of infrared
irradiation system which is comprised of engineered arrays of most preferably
a new class of narrow wavelength solid-staie radiation emitting devices
(REDs), one variant of which wiil be specifically referenced later in this
document.

More specifically, this invention is directed to a novel and efficient way
of injecting an opiimal wavelength of infrared radiation into a targef for the
purpose of, in some way, affecting the target's temperature. To cite a small
sampling of examples, the “target” for the infrared injection may be from a
wide variety of items ranging from individual components in a manufacturing
operation, to a region of treatment on a continuous coil of material, to food in
a cooking procass, or fo human palients in a medical treatment environment.

Though the specific embodiment of the invention described hereafter is
an example that relates particulariy to a plastic bottle preform reheat
operation, the concepts contained within also apply to many other noted
scénarios. It also applies to single-stage plastic bottie blowing operations



blow-molding operation. In this deployment, for example, the methods and
apparatus of the subject invention offer similar advantages over the known
art, but would employ different sensing and controls to deal with the
variation in initial temperature at the entrance to the reheat section of the
process. In general, an ideal infrared h&ating system optimally raises the
temperature of a target with the least energy consumption. Such a system
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heatlng systems for a wide range of processes and treatments
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the sat of system output wavelengths matches the absorptive characteristic of.
the farget. These wavelengths likely will be chesen differently for different
targeted applications of the invention fo best suit the different absorption
characteristics of different materials as well as to suit different desired results.
in contrast, it is wall known in the art and industry 1o use a range of
different types of radiant heating systerms for a wide range of processes and
treatments. Technologies that have been available previously for such
purposes produce a relatively broad band speactrum of emitted radiant
electromagnetic snergy. They may be referred to as infrared heating,
freatment, 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,



3 middle-infrared, and long-infrared wavelengths bands. While exact
cutoff points are not clearly established for these general regions, it is
generally accepted that the near-infrared region spans the range between
visible light and 1.5 micrometers. The middle-infrared region spans the
range from 1.5 to 5 micrometers. The fpng-wave-infrared region is
generally thought to be between 5 and 14 micrometers and beyond. The
radidatarifriecess and énthitftaed beseiasgthmbaddstridlhitoemmeroidal ff
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industry for both _the discrete components and the continuous material
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. infrared ranges. ltis, therefore, not possible with the existing broad spectrum
infrared sourcss 1o be seleciive as fo the preferred wavelengih or
wavelengths thai would be the most desired for any given heating, processing
or treatment application, It is inherently a wide spectrum treatment or process
and has been widely used because there have not been practical alternatives
before the present invention. The primary temperaturs 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 ouiput is wasted.

Nonetheless, quartz infrared lights are widely used in industry for both
the discrete components and the continuous material processing industries,
A variety of methodologies would typically be used fo help direct the emission
from the guartz lamps onto the farget under process inciuding a variety of
reflector-types. Regardless of how the energy is focused onto the target, the

guartz lamps are typically energized continuously. This is true whether the



reflector-types. Regardless of how the energy is focused onto the target,
the quartz lamps are typically energized continuously. This is true
whether the 4 target under process is a continuously produced article or
discrete components. The reason for this is primarily due to the relatively
slow thermal response time of quartz lamps which typically measure on
the order of seconds. An area of specific need for improved energy
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blow molding systems. U,S. Patent Number 5,322,651 describes an
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In this pafEmrdlyesonsumption costs make up a large percentage of the cost of a
finished article that is manufactured using blow molding operations. More
specifically, the amount of energy required with the heretofore state-of-the-art
iechnology to heat up or thermally condition Polyethylene Terephthalate
(PET) preforms from ambient temperature to 105°C in the reheat section of a
strefch blow molding machine is quite subsiantial. From all manufacturing
efficiently measures, it will be clearly advantageous from both an economic
and an environmental standpoint to reduce the energy consumption rate
associated with the operation of the thermal conditioning section of strefch
blow molding systems.

U.S. Paient Number 5,322,651 describes an improvement in the
method for therméf!y treating thermoplastic preforms. In this patent, the
conventional practice of using broadband infrared (IR) radiation heating for
the thermal treatment of plastic 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



conventional practice of using broadband infrared (IR) radiation heating

for the thermal treatment of plastic 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 5 the material, geating using infrared radiation
gives advantageous output and allows increased production rates.” The
pattie what dried Oeathen titdrihénstatedobithetian doserimbdaindbisopatenput and
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ga%%%?@gicai conversion efficiency values (energy into
fransported preforms/energy consumed by IR heating elements) in the range
between 5% and 10% are claimed by the current state-of-the-art blow
molding machines. Any improvement io the method or means associated with
the infrared heating of preforms that improves the conversion efficiency
values woulid be very adﬁantageous and represents a substantial reduction in
energy costs for the user of the stretch blow forming machines.

There are many factors that work iogether io establish the energy
conversion efficiency performance of the IR heating elemenis and systems
used in the current state-of-the-art blow molding machines. As noied,
conveﬂﬁénal thermoplastic preforms, such as PET preforms, are heated tc a
temperature of about 105°C. This is typically accomplished in state-of-the-art
blow molding machines using commercially available broadband quariz
infrared lamps. In high-speed/high-production machines these often take the

form of large banks of very high waitage bulbs. The compeosite energy draw



used in the current state-of-the-art blow molding machines. As noted,
conventional thermoplastic preforms, such as PET preforms, are heated
to a temperature of about 105C. 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 form of large banks of very high wattage
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specifically, if a fixed amoUnt of inp qy V] y
stationary IR heating element, even at fimes when there are no preforms in
the immediate vicinity of the heater due to continuous preform movement
through the system, the energy conversion efficiency performance of the
systems is obviously not optimized. in practice, the slow physical response
times of commercial quartz tamps and the relatively fast preform transfer
speeds of state-of-the-art blow molding machines precludes any attempt of
successfully modulating the lamp input power to synchronize It with discrete
part movement and, thus, achieve an improvement in overail energy
conversion efficiency petformance.

- U.8. Pat. No. 5,925,710, U.8. Pat. No. 6,022,920, and U.S. Pat. No.
6,503,586 B1 ali describe similar methods to increase the percentage of
energy emittad by IR lamps that is absorbed by transported praforms used in
a blow molding process, All of these patents describe, in varying amounts of

detail, the general practice in state-of-the-art reheat blow molding machines



successfully modulating the lamp input power to synchronize it with
discrete part movement 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
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to febrickteaite baly RERMAGANGIKthmapissias daaspipepugh the visible
regioh, nsaks at 0.8 micromeier, and then gradually decreases as it begins io
overlap the regions of significant PET absorption starting at around 1.6
micrometer.

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

For the reasons outlined above, in existing state-of-the-art blow
moiding machines that use guariz iamps to reheat PET preforms to blowing
temperatures, fhe 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
means for changing the natural absorption properties of the preform, thus



transmission limit of approximately 3.5 micrometer. Beyond this
wavelength, any energy emitted by the enclosed filament is, for the most
part, absorbed by the 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-grt blow molding machines that

use quartz lamps to reheat PET preforms to blowing temperatures, the
rapgerolinbsnEptveralbatinginkenriagenneiiveait )l paitoneies anthd feheat
micrometer. The grpup of patents referenced above 7 .
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stage manufacturing proceés raduces both overall energy consumption rates
and manufacturing costs. This reduction in energy consumption comes
primarily from the fact that most of the thermal energy required to enable the
blow molding operation is ratained by the preform following the injection
molding stage. More specifically, in a one-s;ﬁage process as described in the
‘039 patent, the preform is not allowed to stabilize to room temperature afier
the injection molding process. Rather, the preforms move directly from the
injection molding stage 1o a thermal conditioning section and then on to the
blow molding section.

The thermai conditioning section described in the ‘038 patent has the -
nroperties of being able to add smaller amounts of thermal energy as weli as
subjecting the preforms to controlied stabilization periods. This differs from
the requirements of a thermal conditioning section in the 2-stage process of a
reheat blow-molding machine wherein large amounts of energy are required



primarily from the fact that most of the thermal energy required to enable
the blow molding operation is retained by the preform following the
injection molding 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 injection mglding process. Rather, the
preforms move directly from the injection molding stage to a thermal
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maoCrJ}(Wee ?Fi (elae’t?rg S?é%\{%?ltggg%% molding machines is clearly advantageous
from both an operating cost as well as product quality perspective. Though
several attempts have been made 1o render improvements in the state-of-the-
art IR heating subsysiems, clear deficiencies stilf persist. Through the
introduction of novel IR heating alements and methods, it is the intention of
the present invention to cvercome these deficiencies.

in the solid state slectronics reaim, solid-siate emitiers or LEDs are

well known in the art. Photon or flux emitters of this type are known to be
commercially available and fo operate at various wavelengths from the
uliraviolet (UV) through the near-infrared. LEDs are consiructed 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-goped region of the same material is given the generic
name of diode. Diodes have many important electrical and photoslectrical

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



from both an operating cost as well as product quality perspective.

Though several attempts have been made to render improvements in the
state-of-the- art IR heating subsystems, clear deficiencies still persist.
Through the introduction of novel IR heating elements and methods, it is
the intention of the present invention tppovercome these deficiencies. In
the solid state electronics realm, solid-state emitters or LEDs are well
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computer.

n used in

Unilike filameni-based sources, LEDs emit over a relatively limited
wavelength range corresponding to the specific bandgap of the
semiconductor material being used. This property of LEDs has been
particularly usefui in applications whersin wavelength-selective operations
such as component illumination, status indication, or optical communication
are required. More recently, large clusters of LEDs have been used for larger
scale forms of visible lumination or even for signaling lights such as
automotive tail iights or iraffic signal lights.

Summary Of The Invention
The subject invention provides for the implementation of small or
substantial quantities of infrared radiation devices that are highly wavelength
selectable and can facilitate the use of infrared radiation for whole new



discrete part vision sensing applications, where the visible or near infrared
light is used to form a lens focused image which is then inspected in a
computer. Unlike filament-based sources, LEDs emit over a relatively
limited wavelength range corresponding to the specific bandgap of the
semiconductor material being used. Thig property of LEDs has been
particularly useful in applications wherein wavelength-selective operations
sughsascomppneatdhvnrinationnskaius indioasiannot bpénalvailable
cz_g]mu%gition are required. More recently, large clusters of LEDs have
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Another object of this invention is to provide IR heating elements that
are more directable via metaliized reﬂectdr elements.

Another object of this invention is to provide an IR heating system
capable of working in conjunction with a preform temperamre measurement
system fo provide preform-specific IR heating capability.

Another object of this invention is to provide IR heating elements that
are fabricated as arrays of direct curreni-to-photon IR solid-state emitters or
radiance emitting diodes (REDs).

Yet another advantage of this invention is to provide an infrared
irradiation system of substantial radiant output at highly specific single or
multiple narrow wavelength bands.

Yet another advantage of this invention is the functionality to produce
powerful, thermal infrared radiation and to be highly programmabie for at least
one of position, intensity, wavelength, tum-on/tum-off rates, directionality,
pulsing frequency, and product tracking.



Another object of this invention is to provide IR heating elements that are
more directable via metallized reflector elements. Another object of this
invention is to provide an IR heating system capable of working in
conjunction with a preform temperature measurement system to provide
preform-specific IR heating capability. Another object of this invention is to
provide IR heating elements that are fabricated as arrays of direct
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packaged in high density fo yield solid state thermal IR output power levels

that hava heretofore not been practically attainable.
Brief Description Of The Drawings

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

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

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

Figure 4 is a cross-sectional view of a radiation emitting diode including
a quantum dot layer implemented in cne embodiment of the present

invention.



packaged in high density to yield solid state, thermal IR output power
levels that have heretofore not been practically attainable. Brief
Description Of The Drawings Figure 1 is a cross-sectional view of a
portion of an exemplary semiconductor device implemented in one
embodiment of the present invention. ﬁ;’gure 2 is a cross-sectional view of
a buffer layer of an exemplary semiconductor device implemented in one
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a quantum dot layer of an exemplary semiconductor device implemented
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Figures 12a and 12b show the preferred deployment of RED heater
elements within a biow molder.
Figure 13 shows a preferred method for the thermal freatment of
preforms as described by this invention.
Figures 14-16 show alternate methods for the thermal treatment of
thermoplasiic pﬁreforms according to this invention.
Figure 17 shows RED heater slements being advantageously applied
to a dynamically transported part.
Detailed Description Of The invention
The benefits of providing wavelength specific irradiation can be
illustrated by looking at a hypothetical radiant heating exampie. Assume that
a material which is generally tfransparent to electromagnetic radiation from the
visible range through the mid-infrared range requires process heating fo
support some manufacturing operation. Also assume that this generally
transparent material has a narrow but significant molecular absorption band
positioned batween 3.0 and 3.25 micrometers. The example described above
is representative of how the presently described embodiments might be most
advantageously applied within industry. If the parameters of this particular
process heating application dictated the use of radiant heating fechnigues,
the current state-of-the-art would call for the use of quartz iamps operated at



preforms as described by this invention. Figures 14-16 show alternate
methods for the thermal treatment of thermoplastic preforms according to
this invention. Figure 17 shows RED heater elements being
advantageously applied to a dynamically transported part. Detailed
Description Of The Invention The benefjs of providing wavelength specific
irradiation can be illustrated by looking at a hypothetical radiant heating
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stassireloesopestebtaltgushistotiirpaUightum dot technology that have
broken through the barriers which have prevented useable, cost effective

solid state devices from being produced which could function as direct
slectron to photon converters whose output is pseudo-monochromatic and in
the mid-infrared wavelength band,

To distinguish this new class of devices from the convantional shorfer
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 fightly limited
wavelength range. Furthermore, through proper semiconductor processing
operations, REDs can be tuned to emit at specific wavelengths that are most
advantageous o a particular radiant freatment application.

In addition, innovations in RED technology related fo 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 guantum dots for
generating photons in the targeted IR range and potentially beyond has
avolved. This fabrication technique, or others such as the development of



emitting diodes (LEDs), only they do not emit visible light but emit true,
thermal [R energy at the longer mid-infrared wavelengths. These are an
entirely new class of devices which utilize quantum dot technology that
have broken through the barriers which have prevented useable, cost
effective solid state devices from beinﬂg)produced which could function as
direct electron to photon converters whose output is

PSEHAS BRRGRmHicANh IhdRedaidhinfated wave iRoath msm@abie

distinguish this new class of devices from the conventional s r .
wW@I@WWB@?E@D%"@T@@%@W%‘é@%’@‘?n‘?%%ﬁ?8;5F‘i*é‘?e?;‘z‘b}ed
daseebesh ag radiancegniadindianemititg digdes{RERS). tehe tevivedable

have t roperty of emitting radiant electr. | ' ighyl
vt S ree il RS
precissiaduigmatirsRED svduehte nraetice iBiniraesesific
WavgIer!%ﬁéép@tegfﬁmte%%yﬁ@@gﬁé}%ﬁi@_&%g%%@g@ﬁg geatment
application. In addition, innovations in RED technolo?g]]gérelat d to the

foRARIRSARAIRIIMEND (Hase ARSGREH SBRE IR BL BRI AR

regigndiergedrasge tfadaatbrdisttibatessaudy-ofematrareatocoratististt with

or guantum .dots for_generatin t i . |
po&%fi@‘lﬁw ‘8?%%%’%? i %r\]/%ai ggrﬁl[ﬁ\s%%ié%g%%ﬁeq %?CSIU%B %%%%%?gos%%h
asahitgevéldpamdicingiad thebsbaliswrickansuriitos i sapdisiacil

appHeHNOW] Me'hahdiahis ReRMAGHBROShiomRRAensRId-51aE The narrow
mid-infrared emitters for the subéect mg\er&ﬂgn. AIteIr_epate semi-c nduc{or

te RIS dRey SIRBEL BB ARG HELHRRRE Al@ISaRld A st
asdpelamyinaietRmotpiitratedsat eiiddubwithitatite boiting dfititks with
which to practice this.inventign.. Rir [ i :
T B e o EEREB RIS SR sechpology win
embbigintermabedhemigim whisebdl aRRRIEHGIRAIYEBRETRHORMF0 as

PSQUAGHIRNOSUIUNRIC sepasistes wish dhevsvenmeentzoan, antlitied
quantum dot geometry of this fabricated diode emittgr. It isgnt'i}%thea%d Dave
thatRHEHHR FRAMHES"dr 2Bt PEB™dmitierd wiltiar

somalvheiawithirs the @50 nakenhie ERIg ! SMOAaswessdhadiabel No.

infrared epitersh i HdSHR RO A Yasiehs O WAYRIBDG e rence.

speié'::[l'fi?:jzlrradlgt{%r?J éé'gbm%%or%? %s iden‘ti?iééd witﬁign the content gf this
According to this *Quantum Dot Semiconductor Device” application,

semiconducior devices are known in the art. They are employed in

photovoltaic celis that convert electromagnetic radiation to eleciricity. 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
mannear such that it cart meet that desired bandgap range or wavelength
rangs.

The ability to achieve a particular waveiength of emission or eleciron
volt of energy is not trivial. Indeed, the semiconductor is limited by the
selection of particular materials, their energy gap, their latiice constant, and
‘their inherent emissic_n capabilities. One technique that has been employed
to tailor the semiconductor device is to empioy binary or tertiary compounds.



complete disclosure. One family of RED devices and the technology with
which to make them are subject of a separate patent application, U.S.
Application Serial No. 60/628,330 filed on November 16, 2004, entitled
"Quantum Dot Semiconductor Device" and naming Samar Sinharoy and
Dave Wilt as inventors (Attorney Dockgt No. ERI.P.US0002; Express Mail
Label No. EL 726091609 US), which application is incorporated herein by
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gap is decreased). indeed, this patent discloses that an increase in the
amount of indium within the substrate from about 10% to about 20% can
increase the waveiength of the associated photon from about 1.1 um to about
1.3 um.

While the technology disclosed in U.S. Patent No. 6,507,042 may-
prove useful in providing devices that can emit or absorb photons having a
wavelength of about 1.3 um, the abiiity to increase the amount of indium
within an InxGa1-xAs substraie is limited. in cther 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 frue where the InxGa-xAs substrate is deposited on a gallium
arsenide (GaAs) substrate or wafer. Accordingly, devices that emit or absorb
phoions of longer wavelength (lower energy gap) cannot be achieved by
employing the technology disclosed in U.S. Patent No. 6,507,042,



mismatching between the quantum dots (i.e., InAs) and the layer onto
which the dots are deposited (i.e., InxGal-xAs). This patent also
discloses the fact that the lattice mismatching between an InxGal-xAs
substrate and an InAs quantum dot can be controlled by altering the level
of indium within the InxGal-xAs substkgte. As the amount of indium within
the InxGal-xAs substrate is increased, the degree of mismatching is
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mismatched. The latfice mismaich may be at least 1.8%, in other
embodiments at least 1.9%, in other smbodiments at lsast 2.0%, and in other
embodiments at least 2.05%. Advantageously, the mismatch may be tess
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, ihe lattice constant of the InxGa1-xAs matrix cladding is less
than the lattice constant of the dots.
in those embodiments where the dots are located on an InxGal-xAs
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, opticnally from about 0.66 to about 0.72, and optionally from
about 0.67 to about 0.70. '
in one or more embodiments, the InxGa1-xAs ciadding matrix is
located on an indium phosphorous arsenide (InP1-yAsy) layer that is latfice
matched to the InxGa1-xAs cladding matrix. In one or more embodiments,



layer that contacts at least a portion of the quantum dot, where the lattice
constant of the quantum dot and said cladding layer are mismatched by at
least 1.8% and by less than 2.4%. The semiconductor devices include a
qguantum dot layer including indium arsenide (InAs) or aluminum indium
arsenide (Alzinl-zAs where z is equal {g or less than 0.05) quantum dots
on an indium gallium arsenide (InxGal-xAs) layer, which may be referred
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semiconductor Is supported. In one or more embodiments, the substrate .
CoPRNGE PRI SRR IR AITEIER S AR IED A sy Ay e
inGlglapeEmerntalhereyerTheabiis toxGatahsitayersagosiiionetiation
R e R R Ao AR et
repiesentitorsase e ket teseses walenatiesigns, many of which are
known in the art of manufacturing or designing semiconductor devices.,
in one embodiment, substrate 1020 comprises indium phosphide (InP).
The thickness of InP subsirate 1020 may be greater than 250 microns, in
other embodiments greatar than 300 microns, and in other embodiments
greater than 350 microns. Advantagsously, the thickness may be less than
700 microns, in other embodiments less than 600 microns, and in other
embodiments lass than 500 microns.
In one or more embodiments, the semiconducior devices envisionsd
~ may optionally inciude an epitaxially grown layer of indium phosphide {InP).
The thickness of this epitaxdally grown indium phosphide layer may be from
about 10 nm to about 1 micron.
in one embodiment, optional conduction layer 1025 comprises indium
gallium arsenide (inxGat-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 0.635. Inoneor



respect to the thickness of each layer or component, or with respect to the
relative thickness or dimension between each layer comparatively. Device
1000 includes substrate 1020, optional conduction layer 1025, buffer
structure 1030, cladding layer 1040, and dot layer 1050. As those skilled
in the art appreciate, some semicondugfor devices operate by converting
electrical current to electromagnetic radiation or electromagnetic radiation
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electrical current within these devices is known in the art. This disclosure
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layer 1034,

As those skilled in the art will appreciate, the laffice constant of the
individual layers of buffer structure 1030 can be increased by altering the
composition of the successive layers. In one or more embodiments, the
concentration of arsenic in the InP1-yAsy buffer layers is increased in each
successive layar. For example, first buffer layer 1032 may include about 0.10
to about 0.18 molar fraction arsenic (Le., v}, second buffer layer 1034 may
include about 0.22 o about 0.34 molar fraction arsenic, and third buffer layer
1036 may include about 0.34 to about 0.40 molar fraction arsenic.

In one or more embodiments, the increase in arsenic between adjacent
buffer layers (e.g., between fayer 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 resufting
from the increase in the arsenic content, will not be deleterious 1o the
semiconductor. Techniques for using critical composition grading in this



phosphorous arsenide (InP1-yAsy). In certain embodiments, the buffer
layer 1030 comprises at least two, optionally at least three, optionally at
least four, and optionally at least five InP1-yAsy layers, with the lattice
constant of each layer increasing as the layers are positioned further from
substrate 1020. For example, and as %picted in Fig. 2, buffer structure
1030 includes first buffer layer 1032, second buffer layer 1034, and third
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constant of the top buffer layer at or near the top 1038 of buffer structure
1030. The term lattice matched refers 10 successive layers that are
characterized by a lattice constant that are within 500 parts per million {i.e,,
0.005%) of one another.

In one or more embodiments, cladding iayer 1040 may have a
thickness that is from about 10 angstroms o about 5 microns, optionally from
about 50 nm to about 1 micron, and aptionally from about 100 nm to about
0.5 microns.

In one or more embodiments, quanium dot layer 1050 comprises
indium arsenide (InAs). Layer 1050 preferably includes wetting layer 1051
and guanium dots 1052, The thickness of wetling layer 1051 may be one or
two mono.iayers. 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, oplionally from about 20 nm 1o about 100 nm,
and optionally from about 30 nm fo aboui 150 nm. Also, in one embodiment,



top 1039 of buffer structure 1030 (e.g., buffer layer 1036) is engineered to
have a lattice constant that is from about 5.869 A to about 5.960 A,
optionally from about 5.870 A to about 5.932 A. In one or more
embodiments, the individual buffer layer at or near the bottom 1031 of
buffer structure 1030 (e.qg., buffer IayerﬂOBZ) is preferably engineered
within the confines of the critical composition grading technique. In other
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1068 may be from about 3 nm fo about 50 nm, optionally from about 5 nm fo
about 30 nm, and optionally from about 10 nm o about 20 nm.

As noted above, the various layers surrcunding the quanium dot layer
may be positively or negatively doped to manipulate current flow. Techniques
for manipulating current flow within semiconductor devices is know in the art
as described, for example, in U.S. Pat. Nos. 8,573,527, 6,482,672, and
8,507,042, which are incorparaied herein by reference. For example, in one
or more embodiments, regions or layers can be doped “p-type” by employing
zinc, carbon, cadmium, beryilium, or magnesium. On the other hand, regions
or layars can be doped "n-iype” by employing silicon, sulfur, tellurium,
selenium, germanium, or tin.

The semiconducior devices envisioned can be prepared by employing
{echnigues 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



includes wetting layers 1053, 1055, 1057, and 1059, respectively. Each
dot layer likewise includes dots 1055. The characteristics of the each dot
layer, including the wetting layer and the dots, are substantially similar
although they need not be identical. Disposed between each of dot layers
1052, 1054, 1056, and 1058, are interpediate cladding layers 1062,
1064, 1066, and 1068, respectively. These intermediate cladding layers
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chromium may be used fo increase the adhesion betweean the gold and the
dielectric material.

Infrared reflecior 1110 comprises a reflective material and optionally a
dielectric matetial. For example, a silicon oxide can be employed as the
dislectric material and gold can be deposited thereon as an infrared reflective
material. The thickness of reflsctor 1110 may be form about 0.5 to about 2
miGrons. ,

Substrate 1115 comprises InP. The thickness of substrate 1115 may
be from about 300 to about 600 microns.

Lateral conduction layer 1120 comprises InxGa1-xAs that is lattice
matched (i.e. within 500 ppm) to InP substrate 1115. Also, in cne 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.



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 emjgfer contact 1155. Base contact
1105, infrared reflector 1110, semi-insulating semiconductor substrate
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reac‘iygcr)'pant is silicon, and the doping .
density naladhdifipplayer 1140 comprises InxGat-xAs that is lattice matched (L.e.

within 500 ppm) to the iop of buffer later 1125 (i.e. the third grade or sub-iayer
therecf).

Confinament layer 1145 comprises InP1-yAsy that is latlice matched 1o

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

Contact layer 1150 comprises inxGa1-xAs that is lattice matched o
confinement layer 1145, Contact layer 1150 is preferably p«dcped (.9.,
doped with 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
sxcept under layer 1155.

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



about 0.1 to about 3 e 9/cm3. Cladding layer 1130 comprises InxGal-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, InxGal-xAs cladding layer 1130 comprises
from about 0.60 to about 0.70 percentgpole fraction indium. The
thickness of cladding layer 1130 is about 0.1 to about 2 microns.
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about 4 e19/cm3. Tunnei }metuon layer 1250 comprises InxGa1-xAs that is
lattice matched to funnel junction 1247. The thickness of tunpel junction layer
1250 is from about 20 fo about 5,000 nm. Tunne! junction layer 1250 is
preferably n-doped {e.g., silicon), and the doping concentration is from about
1 to about 4 e19/cm3.

Emitter contact 1255 may include a variety of conductive materials, but
preferably comprises those materials that are preferred for n-regions such as
chromium-gold, gold-germanium alloys, or goid-nickel alloys.

Another embodiment of an RED is shown in Fig. 8. Semiconductor
device 1300 is configured as a radiation emitting dlode in a similar fashion to
the RED shown in Fig. 5 except that electromaghnetic radiation can be emitied
through the substrate of the semiconductor device due at least in part to the
absence of the base reflector (e.g., the absence of a reflector such as 1210
shown in Fig. 5). Also, the semiconductor device 1300 shown in Fig. 6
includes an emitier contact/infrared reflector 1355, which is a “full contact”
covering the entire surface {or substantially all of the surface) of the device.



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, substratesk215 may be analogous to
substrate 1115, lateral conduction layer 1220 may be analogous to
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radiation can be emitted through the jh ubstrate of the semiconductor
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respects,glayisR 130 i85 itk HeYitfdb2@9eF 9615 is preferably n-doped
at a concentration of about 0.2 4 e18/cm3 to about 1 e19/cm3. The thickness
of epitaxial layer 615 is from about 10 nm to about 500 nm.

Grated InP1-yAsy layer 1620 is analogous to the grated inP1-yAsy
buffer shown in Fig. 2. Buffer 1620 is preferably n-doped at a concentration
at about 1 1o about 8 e18/cms3.

Layer 1625 and 1630 form wave guide 1627. Layer 1625 comprises
indium galiium arsenide phosphide (In1-xGAxAszP1-z). Layer 1630 likewise
comprises In1-xGAxAszP1-z. Both layers 1625 and 1630 are lattice matched
to the top of layer 1620, in other words, fayers 1625 and 1630 comprise
about 0 to about 0.3 molar fraction galtium and 0 to about 0.8 molar fraction
arsenic. Layer 1625 is about 0.5 {o about 2 microns thick, and is n-doped at
a conceniration of about 1-8 e18/cm3. Layer 1630 is about 500 to about
1,500 nm, and is n-doped at a concentration of about 0.5 to 1 e18/cm3.

Confinement layer 1635, dot layer 1640, and confinement layer 1645
are similar to the dot and confinement layers described above with respect to



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 mgy be analogous to dot layer 1235,
cladding layer 1340 may be analogous to cladding layer 1240, and
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Layer 1665 comprises indium phosphide (InP). The thickness of layer

1665 is about 200 fo about 500 nm thick and is preferably p-doped at a
concentration of about 1 to about 4 e19/cm3.

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

in other embodiments, layers 1660, 1665, and 1670 can be analogous
to other configurations described with respect to other embodiments. For
example, these layers can be analogous io lavers 1145, 11580, and 1155
shawn in Fig. 4. Aliernatively, layers analogous to 1245, 1247, 1250, and
1255 shown in Fig. 5 can be substituted for layers 1680, 1665, and 1670.
Various modifications and alterations that do not depart from the scope and
spirit of these device embodiments will become apparent to those skilied in
the art.

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



26 the other embodiments. For example, confinement layer 1635 is
analogous to confinement layer 1040 and dot layer 1640 us 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 eXLess of 7 dot layers, and optionally
in excess of 9 dot layers (e.g., cycles). Confinement layers 1635 and
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he invention. The
RED devices will usually be mounted on circuit boards which have at least a
heat dissipation capability, if not special heat removal accommodations.
Often the RED devices will be mounted on such circuit boards in a very high
density/close proximity deployment. It is possible to {ake advantage of recent
innovations in die mounting and circuit board construction tc maximize
density where desirabis for high-powered applicaﬁons. For example, such
techniques as used with flip chips are advantagsous for such purposes.
Although the efficiency of the RED devices is good for this unigue class of
diode device, the majority of the electrical energy input is converted directly
into localized heat. This waste heat must be conducied away from the semi--
conductor junction to prevent overheating and burning out the individual
devices. For the highest density arrays, they may likely use flip-chip and
chip-on-board packaging technology with active and/or passive cooling.
Multipie circuit boards will often be used for praciicality and positioning
flexibility. The x by vy arrays may also comprise a mix of RED devices which
represent at ieast two different selected wavelengths of infrared radiation in a
range from, for example, 1 micrometer ic 5 micrometers,



Of course, it should be appreciated that, in one form, the invention herein
incorporates RED elements as described. However, it should be 27
understood that various other device technologies may be employed. For
example, experimental mid-IR LEDs operating in a range from 1.6
micrometers to 5.0 micrometers are kngwn but are not commercial
realities. In addition, various semiconductor lasers and laser diodes may

be empleyed,yéth sitehisBogilicatipns. Ricowseolbelsgrabling
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active and/or passi ng. _ _ )
8. To accommodate driving groups of devices with common conirol
circuitry.
9. To accommodate multi-stage heating techniques.

Because of the typical end uses of diodes, they have been
manufactured in a manner that minimizes cost by reducing the size of the
junction. It therefore requires less semiconductor wafer area which is directly
correiaiad fo cost. The end use of RED devices will often reguire substantial
radiated energy output in the form of more photons. It has been theorized
that REDs could be manufactured with creative ways of forming a large
photon producing footprint junction area. By so doing, it would be possibie to
produce RED devices capable of sustaining dramatically higher mid-infrared,
radiant output. If such devices are available, then the absoiute 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



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 at least two different selected wavelengths of infrared
radiation in a range from, for example, 1 micrometer to 5 micrometers. 28
For most applications, the RED devicegwill be deployed advantageously
in variously sized arrays, some of which may be three dimensional or
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increased heat tolerance but heat must aiways be kept below the critical
damage range of the device employed. They could further be deployed either
on circuit hoards individually or in multiples or they could be arrayed as a
higher level array of devices as dictated by the application and the
aconomics.
| in designing the best configuration for deploying RED devices into
irradiation arrays, regardiess of the form factor of the devices, the designer
must consider the whole range of variables. Some of the variables 1o be
considered in view of the targeted application include packaging, ease of
deployment, costs, electronic connectivity, control to pt‘ogrammabiiity
considerations, cooling, environmeant of deployment, power routing, power
supply, string voltage, siring geometry, irradiation requirements, safety and
many others that one skilled in the appropriate arts will understand.

Al raw materials used fo manufacture products have associated with
them particular absorption and fransmission characteristics at various
wavelengths within the electromagnetic spectrum. Each material also has
characteristic infrared reflection and emission properties but we will not spend
any time discussing these because the practicing of this invention is more
driven by the absorptionftransmission properties. The percent of absorption



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 associatél with the many applications of
this inventjon, that the number,of 29 devices WOLHd e,reduced to a.single
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electrical connectivity"for connection’to and control by the control system.
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individually or in multiples or they could be arrayed as a higher level array
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cooling, environment of deployment, power routing, power
specific wavelengihs of infrared radiation to a product, many manufacturers
are not aware of the wavelengths at which their particuiar product is most
desirously heaied or processed.
This is illustrated this with an example in ihe plastics industry.
Referring to Figures 9 and 10, by examining the transmission curve of
Polyethylene terephthatate (PET resin material, as it is known in the industry),
out of which plastic beverage containers are stretch blow molided, it can be
observad that the PET material is highly absorptive in the long wavelength
region and is highly transmissive In the visible and near-infrared wavelength
regions. lts fransmission varies dramatically between 1 micrometers and 5
micrometers. lis transmission not only varies dramatically in that range but it
varies frequenily and abruptly and often very substantially sometimes within
0.1 micromeiers.
For example, at 2.9 micrometers PET has a very sirong absorption.
This means that if infrared radiation was infroduced fo PET at 2.9
micrometers, it would neartly all be absorbed right at the surface or outer skin



supply, string voltage, string geometry, irradiation requirements, safety
and many others that one skilled in the appropriate arts will understand.
All raw materials used to manufacture products have associated with
them particular absorption and transmission characteristics at various
wavelengths within the electromagnetig spectrum. Each material also has
characteristic infrared reflection and emission properties but we will not
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resin material, as it is known in the industry),
matarial that is to be glued is very transmilssive at a chosen infrared

wavelength. The heat-cured glue that is to be employed might be very
absorptive at that same wavelength. By irradiafing the glue/iaminate
sandwich at this specific advantageous wavelength, the process is further
optimized because the glue, and not the adjacent parent material, is heafed.
By selectively choosing these wavelength interplays, optimum points are
found within various widely diverse kinds of processing or heating
applications within industry.

Historically, the ability to produce reiatively high infrared radiation
densities at specific wavelengths has simply not been available to industry.
Therefore, since this type of heating or processing optimization has not been
available, it has not been contemplated by mest manufacturers. 1tis
anticipated that the availability of such wavelength specific infrared radiant
power will open entirely new methodologies and processes. The subject

invention will make such new processes practical and will provide an



out of which plastic beverage containers are stretch blow molded, it can
be observed that the PET material is highly absorptive in the long
wavelength region and is highly transmissive in the visible and
near-infrared wavelength regions. Its transmission varies dramatically
between 1 micrometers and 5 mlcromﬁers Its transmission not only
varies dramatically in that range but it varies frequently and abruptly and
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The added functionality of being able to pulse energize the infrared
source can lead fo a considerable improvement in overall energy efficiency of
many radiant heating applications. For example, by suitably modulating the
energized time of either individual or arrays of the infrared radiation emitling
devices (REDs), it is possible to frack individual targets as they move past the
large infrared array source. In other words, the infrared emitling devices that
are nearest the target device would be the ones that would be energized. As
the target component or region moves onward, the “energizing wave” couid
be passed down the array.

In the case of heating material which will be thermoformed, it could be
desirable 1o apply more heat input inio areas which will get more severely
formed as compared to areas which will be more modestly formed or not
formed at all. lt is pessible, by correctly designing the configuration of
infrared emitier arrays, to not only not have ali the devices energized
simultanecusly but if is possible {0 energize them very strategically to



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 interplays, optimum
points are found within various widely diverse kinds of processing or
heating applications within industry. I—ggtorlcally, the ability to produce
relatively high infrared radiation densities at specific wavelengths has

sipphediiReen Ry atakie &0 thd sty oTherriared SIRee dbitilR Oy aalng

or processin optlmlzatlog}ﬁas not been availa é)le |téla not been

CONRSHPIQR 5P B ¥ AT B (PRt REdMERHEFARY TR RHOR T Ability

ofﬁiwmmagéwwmmfﬁemfwmmadmﬁtembme]awub@pmgmﬁreabnew

methode les ﬁc%”&' %%1 Mgﬁ ﬁ%éb %‘6‘9 oyl W@é&%a“;“c@d}%\%er
I’OCGSSGS P actlca and pI'OVI e an |mp mentation technolo that

h@ﬁ@iw&fj’ﬁm@ ﬁéﬁamﬁwma seRHiENahGaBI0AsoRtanens. Mgwre ﬂs I this
anticipateddnpt paetisiniligptians Qfsﬁhﬂzéﬂbjgﬁlré%ﬂ@%%%@%my of

mdustry, itis Iso reco mze t there will be ma lication
NS A oo R, KT SIS MR MIERTH R PR
thabtiwe finvention wsﬂdmmremdmsﬂfm tas e adterrstvidite throatitenchofoanting
infrar I |

curﬁeﬁet 31 %ﬂ\ﬁ/lde uﬂgﬁg @o%%]%ogggtégm%eﬁgeg ?g?gﬁ Brg% %@gf%fﬁggh e
inénetAg ﬂéﬁﬁﬁ@@ﬁ@éi@%*@%t‘é’%ﬂé@ﬂﬁﬂlﬁﬁ?Féi%Vﬁﬁ&rY’?ﬁF‘mmzam“
thesprgriuBtngoperatiense Hﬁh@ﬂ%ﬁ@ﬁ@h@@@m@@t invesideribsiutteesty

as an alternative to th f lit f I

N R N T D e A o
suthstécdimivisuditiomatfaywctonalibe Tiegsreseny trectuium!pysiemr it fheir
cag. il &ﬁ 6 %ﬁ? Frﬁsgkgm ERRLOY. dao%ﬁ%@g%a%e&%ggs@.w mode.

alternat Because the basic REDs devices of

suE}B@@Vrﬁv@@ﬁ@ﬁlﬁﬁ\@%K@i@r@?ﬁéﬂﬁ?&§ttl‘e%\i)6rf§é‘qmﬁ fvHieR Pﬁé‘&%ﬁ?@é’[
in HB§F&$§§QT‘L@§MW@6WQ@§B@M edheiert &0 gusopbef erefgysasr down

SRS en s gl comeyenl SR e 00 lauen

Theeazddéal manetmawﬁmmémgm o pudsivdinichgdr & e deviges) In these
instances the RED devices can be wired in strings of most desired geomeiry.
These strings or groups of strings may then be programmably controlled as
the application requirements dictate. Practicality will sometimes dictate that
the RED devices are driven in groups or strings to facilitate voltages that are
most convenient and to reduce the cost of individual device control.

The strings or arrays of REDs may be controlled by simply supplying
current in an open ioop configuration or more sophisticated control may be
employed. The fact intensive evaluation of any specific application will dictate
the amount and level of infrared radiant control that is appropriate. To the
extent that complex or precise conirol 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 couid 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 simpie thermocouples or pyrometers up to much more



source can lead to a considerable improvement in overall energy
efficiency of many radiant heating applications. For example, by suitably
modulating the energized time of either individual or arrays of the infrared
radiation emitting devices (REDS), it is possible to track individual targets
as they move past the large infrared ayjay source. In other words, the
infrared emitting devices that are nearest the target device would be the
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de@ig@tim‘fﬁvg’genumbergof custom-built panels. Indusiry isl rggiete with a wide
variety of infrared ovens and processing systems. Such ovens are used for
curing paints, coatings, siurries of various sorts and typses, and many other
purposes. They also can be usad in a wide variety of different laminafion
lines for heat fusing materials together or for curing glues, adhesives, surface
treatments, coatings, or various layers that might be added to the lamination
‘sandwich’.

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

combination of wavelengths that are the most readily and appropriately



instances the RED devices can be wired in strings of most desired
geometry. These strings or groups of strings may then be programmably
controlled as the application requirements dictate. Practicality will
sometimes dictate that the RED devices are driven in groups or strings to
facilitate voltages that are most convegient and to reduce the cost of
individual device control. The strings or arrays of REDs may be controlled
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and bulltfor a specifi
methodologzes or the merit of such postulations. The subject invention

however, can provide a solid state, wavelength selectable, and programmable
mid-infrared radiation source that can facliitate a wide range of such medical
treatment modalities.

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 in a slim, light weight, safe and convenient form factor that would
be easily used for medical appiications.

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

organic materials alsc have characteristic transmission/absorption spectral-



component to direct the heating to the correct locations on the component.
With the flexible programmability of the subject invention it is possible for
a single programmable heating panel to serve as a flexible replacement
to an almost infinite number of custom-built panels. Industry is replete
with a wide variety of infrared ovens aéwéi processing systems. Such
ovens are used for curing paints, coatings, slurries of various sorts and
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range of invasive or non-invasive treatments. While the treatment
technigues, modalities and configurations are beyond the scope of this
discussion: the invention is the first of its kind available to make solid state,
wavélength selective irradiation available in the middie-infrared wavelength
bands. It can be configured for a wide range of modalities and treaiment
types. Due to its highly flexible form factor and programmable nature itis
capable of being configured for a particular body size and weight to produce
the appropriate angles, intensities, and wavelengths for cusiom treatment.
Infrared radiation is being utilized for an increasing number of medical
applications from hemorrhoid treatments to dermatology. One example of
infrared treatment that is currently performed with broadband infrared sources
is called infrared coagulation treatment. Additionally, diabetic peripheral
neuropathy is sometimes treated with infrared lamp freatments. Tennis elbow
and other similar ailments are often currently treated with broadband infrared
lamps as well. The incorporation of the present invention's ability to generaie



electromagnetic energy stimulate and promote healing. It has also been
postulated that irradiation with certain wavelengths can stimulate the
production of enzymes, hormones, antibodies, and other chemicals within
the body as well as to stimulate activity in sluggish organs. It is beyond
the scope of this patent to examine any of the specific details or treatment
methodologies or the merit of such postulations. The subject invention
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carefully selecting the wavelength or combination of wavelengths, it
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irradiation to humans can have healing or, aliernatively, deleterious effects.
For example, certain amplitude modulation frequencies or combinations of
frequencies of visible light can cause humans o become nauseous ana yet
other amplitude modutation frequencies or combinations of frequencies can
cause epileptic ssizures. As further medical research is done it may indeed
determine that the pulsing frequency, waveform shape, or combination of
freguencies along with the selected wavelength or combination of
wavelengths have a very substantial effect on the success of various radiation
treatments. It is very likely that many of the treatment modalities which will
utilize this invention are not yet understood nor realized since the subject
invention has not been available 1o researchers or practitioners.

Another application for the subject invention is in the preparation
processing, or staging of food. Certainly a very wide range of different types
of ovens and heating systems have been used in the preparation of food
throughout human history. Since most of them are welt known, it is beyond



the surface while others lie deep within the body. Due to the absorption
characteristics of human tissue, it might not be possible to reach such
deep areas with non-invasive techniques. It may be necessary to use
some form of invasive technique in order to get the irradiation sources
near the target tissue. It is possible to:%e&gn the irradiation arrays of the
present invention so that they are of the appropriate size and/or shape to
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turn-on times measured In microseconds or faster
energy would all be absorbed very close to the surface, thus causing the

desired heating and/or browning action fo 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 possibie to choose a wavelength or
combination of selected wavelengths at which the particular food is much
more fransmissive so that the desired cooking result can be achieved. Thus
the radiant energy will be absorbed progressively as it peneiraies to the
desired depth.

it is important fo note that for electromagnetic waves traveling through
a non-metallic material, the intensity of this wave |(f) decreases as a functlion
of fravel distance t as described by the following equation:

1) =lo(e-atl)

in this equation, lo is the initial intensity of the beam and «a is the specific
absorption coefficient for the material. As time { increases, the intensity of the
beam undergoes exponential decay which is caused by radiant energy within



provides another useful property. It is anticipated that very high intensity
pulses of radiation may be tolerated without damage to the arrays if they
are activated for very short duty cycles, since the semi-conductor junction
overheat would not have time to occur with such short pulse times. This
would allow greater summed instantangous intensity which could facilitate
penetration through more tissue. The ffequency at which the pulsing
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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 fo actually view the locations and sizes of the
food products that are to be cooked and then optimize the ovens’ ouiput
accordingly as has been described above. When used in combination with a
moisture sensor, it would be possible {o respond with the combination that
wouid maintain the desired moisture content. ltis, therefore, possibie to
understand how {he subject invention, in combination with the appropriate
sensors, and controller “infelligence” can truly facilitate the smart oven of the
future. It is, of courss, possible fo combine the present invention with
conventional cooking technologies, including convection ovens and
microwave oven capability to get the best biend of each of these technology
offerings. The smart control system couid be designed 1o best opiimize both



products have specific absorption spectral curves. These specific
absorption curves relate how absorptive or transmissive a particular food
product is at specific wavelengths. By selecting a particular wavelength or
a few carefully selected wavelengths at which to irradiate the subject food
it is possible to modify or optimize the gesired cooking characteristics.
The most efficient use of radiated energy can reduce the cost of heating
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surface of a particular food product, the subject invention would allow for
thiecBiasiEdr a wavelength at which that particular food product is
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material absorption coefficient(s). By mixin lements that.irradiate
TS i e s R
Withiscsiaets a Byuttiogearateabh controliing the particular devices that are turned
on, and by modulating their intensities, it is possible to achieve a wide range
of irradiation selectivity. By choesing steady state or pulsing mode and by
further programming which devices are pulsed at what fime, it is possible o
raise the functionality even further. |
Though this disclosure discusses the application of radiant energy
primarily within the 1.0 to 3.5 micrometlers range, it shouid be obvious to
anyone skilled in the art that similar material heating effects can be achieved
at other'operationai wavelengths, including longer wavelengths in the infrared
or shorter wavelengths down through the visible region. The spirit of the
disclosed invention inciudes 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 ceriain typas of applications, to combine other wavelength
selectable devices into the invention which trradiate at other wavelengihs

outside the mid-infrared range.



array, one element type would be chosen at a wavelength wherein the
absorption of radiant energy is low, thus allowing deep-heat penetration to
occur. A second element type would be chosen wherein the absorption of
radiant energy is high thus facilitating surface heating to occur.
Completing the array, a third RED element type could be conceived to be
chosen at a wavelength intermediate to these two extremes in absorption.
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application describes & specific implementation in blow molding systems.

Figures © and 10 show the relative percentage of IR energy
transmitted within a 10 mil thick section of PET as a function of wavelength.
Within the quariz transmission range {up to 3.5 micrometer}, the presence of
strong absorption bands (wavelength bands of little or no transmission) are
evident at several waveiengths including 2.3 micrometer, 2.8 %nicrome’ter, and
3.4 micrometer. The basic concept associated with the subject invention is
the use of RED elements designed and chosen o operate at a selected
wavelength(s) within the 1 micrometer to 3.5 micrometer range as the
fundamental heating elements within the thermal conditioning saction of biow
molding machines.

Figures 11a, 11b, and 11c¢ show an example ensemble of individual
RED emitters 10 packaged together inic a suiiable RED heater element 100.
In this embodiment of the invention, the REDs 10 are physically mounted so
that N-doped regions are directly attached to a cathode bus 120. The cathode



intensities of various wavelengths that are selectable one could achieve a
wide range of specifically engineered cooking results. With any of the
applications of the subject invention, it is possible to use various lensing
or beam guiding devices to achieve the desired directionality of the
irradiation energy. This can take the fq@ of a range of different
implementations -- from individually lensed RED devices to micro lens
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Cor\}}f%ﬁitﬁ i%%’tn]/.zﬂ?e%@%?é%@iﬂ&t@c?e%%?sive hesat sinking, active heat sinking
using convection air cooling, and active heat sinking using water or liquid
cooling. The liquid cooling through, for example, a liguid jacket has the
advantage of being able fo conduct away the substantial amount of heat that
is generated from the guantity of eiectrical energy that was not converted {o
radiant photons. Through the liquid media, this heat can be conducted to an
outdoor location or fo another area where heat is needed. [f the heatis
conducted out of the factory or to another location then air conditioning/
cooling energy could be substantially reduced.

Additionalty, 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 buib 150 is
prefarably consiructed out of quartz dus 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.



10 is made to the stack 20 through wire 80. When a current 60 is made to
flow through the bonding wire 80 and the stack 20, photons 70 are emitted
that possess a characteristic energy or wavelength consistent with the
configuration of the stack 20. Because many of the semi-conductor
lessons learned in manufacturing LEDs may apply to REDs, it is useful to
mention a parallel that may help the evolution of the new RED devices.
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out/electrical energy in) of LEDs have occurred over the years dating to
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continuous or pulsed, as a function of the supply or drive current and/or other
design objectives. The control system, such control system 280, in one form,
controls this functionality. As an option, the control system is operative to
pulse the system at electrical current levels that are subsiantially greater than
recommended steady state current ievels {o achieve higher momentary
emitted intensity in pulsed operation and respond 1o an input signal from an
associated sensor capabiliy to determine a timing of the pulsed operation.

In the preferred embodiment of a blow molder operating using the
method and means described by this invention, a convection cooling system
260 is 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 1o do so. Heatfing of
preforms by convection and/or conduction is known in the art to be
deleterious to the overali thermal conditioning process. This is because PET
is a very poor thermal conductor and heating the outer periphery of the



110. Ideally, the anode bus would have the same thermal and electrical
properties as the cathode bus. Input voltage is externally generated
across the 2 bus bars causing a current (1) to flow within the REDs 10
resulting in the emission of IR photons or radiant energy, such as that
shown at 170. A reflector 130 is used jn the preferred embodiment to
direct the radiant energy into a preferred direction away from the RED
heaghAersts 0y AR ARt UBRYRCAEXRRR % SBRRS A MBE dltoo
possible to more easily direct thé radiant’'energy 170 that is emitted into a
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movement. Also, subsections of the RED array may be controlied, as will be
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appreciated.

The temperature control sysiem 280 used {o enact such ou’tpu’f control
could be implemented as an industrial PC as custom embedded logic or as or
an industrial programmable logic controfler (PLC), the nature and operation all
three are well known within industry. The control system, such as that shown
as 280, may be configured a variety of ways to meet the objectives herain.
However, as some examples, the systermn may contro! on/off status, electrical
current flow and locations of activated devices for each wavelengih in an RED
array. |

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



is depicted in Figures 12a and 12b. In this system, preforms 240 enter into
a thermal monitoring and conditioning system 210 via a transfer system
220. The preforms 240 could come into the thermal monitoring and
control system 210 at room temperature, having been previously injection
molded at some earlier time. Or, alterpatively, the preforms 240 could
come directly from an injection molding process as is done in single-stage
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Yat anothar method 302 for the {reatment of thermoplastic preforms is
outlined in Figure 15. In this method 302, the temperature of incoming
preforms 240 is measured using temperature sensors 270, This is done fo
gauge the latent heat energy of preforms 240 as they enter into the system
{Step 325). The preforms 240 are then transported via a conveyor 250
through a thermal monitoring and control system 210 {Step 305). A
temperature coniro! system 280 using the temperature information supplied
by the temperature sensors 270 o generate a preferred control signal to be
applied fo the RED heater elements 100 {Step 330). The preferred control
signal is then communicated from the temperature control system 280 {c the
RED heater elements 100 (Step 335). The preforms 240 are then irradiated
using the RED heatsr elements 100 contained within the therma!l monitoring
and control systems 210 (Step 310). A convection cooling system 260 is then



44 preform results in uneven through heating, with too cool a center and
a too warm outer skin. Also contained within the preferred system
embodiment are temperature sensors 270 (which may take the form of an
intelligent sensor or camera that is capable of monitoring a target in at
least one aspect beyond that which agingle point temperature
measurement sensor is capable) and a temperature control system 280.
These aspectsvel taaiprateirédiolgve miolaed westgmara panisofantys within
appli byt -st [ ystem. In a
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Figures 13-16 illustrate methods according to the present invention. It
should be appreciated that these methods may be implemented using

suitable software and hardware combinations and techniques. For
example,



the noted hardware elements may be controlled by a software routines

stored and executed with the temperature control system 280. 45

Referring now to Figure 13, a preferred method 300 for the thermal

treatment of thermoplastic preforms is shown outlining the basic steps of

operation. Preforms 240 are transported via a conveyor 250 through a

thermal monitoring and control system 210 (Step 305). Of course, it

should be understood that, with all @mbodiments showing conveyance, a

simple means to locate the articles for exposure, with or without
Wheorvegemegjsnay be employed. The preforms 240 are irradiated using

RED heater elements 100 contained within the thermal monitoring and

control system 210 (Step 310). A convection cooling system 260 is used

to reimove dvasteehefrfrom thetadl Hivamahdutaanisil Cophsondamtgeivithimpthients
priff SMAMANIOHNERNT.CHURI NSLEMAARStep 319). Another method

301 for the treatment of thermoplastic preforms is outlined in Figure 14. In

method 304, IS IToYate frodesommitdiiafigeipownmrRepB0 igsingnanner

RED:Reatemnelgrmemackios isrrenlageskwith.-Step 320. During Step 320 of
method 301, preforms 240 are pulse irradiated synchr(,)nousl}éli::|

o their
motion thréughameAth&RRARAIORRAitBRh g eRELormafiRing ey stifho 16¢ ThIgstc
Synclkapeusitpuisedtradiatio axpiavice s uhstantial oareitiona EBeTaY! section
efficiency because the RED devices nearest ﬁ&ri}gcﬂ?erf&%,arelthe‘only .
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outpuitsafithadiuiseneeneigy issyncheearugty tonddiadhiedransgmd aborptive
individual targttleés. Y(ﬁt another me%%hod 302 for the treﬁ[crg:?mi 0
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températurecof encompngrepreforms 240 is measured using temperature
sensors 270. This is done to gauge the latent heat energy of preforms

240 as they enter into the system (Step 325). The preforms 240 are then
trangportedbiasaseonveyor 280 ithetigh! avesemabenopitorivngrafteconirolte is
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temperature information supplied by the temperature sensors 270 to
generate a preferred control signal to be applied to the RED heater

elements 10Q.(I8R330 kT NRRTBIRIEEH GORHALIN an clectrical supply current is

continuous to the RED-based radiant heating elements whereby a continuous radiant

energy output results.

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

component through the thermal monitoring and control section.

5. 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.



signal is then communicated from the temperature control system 280 to
the RED heater elements 100 (Step 335). The preforms 240 are then
irradiated using the RED heater elements 100 contained within the
thermal monitoring and control systems 210 (Step 310). A convection
cooling system 260 is then 46 used to remove waste heat from the air
and mechanical components within the thermal monitoring and control
system 210 (Step 315). Still anothegmethod 303 of the treatment of
thermoplastic preforms is outlined in Figure 16. In method 303, Step 310,
the processief drraciating:: poefoimaA401uGingcREhhedling elementsd 8hsor
is replaced with Step 320. Duging, St 0 of method 303, preforms 240
con e L b L BT AT A S e e
thermahitormgrandaodrditioripg tioystdrrdihdakhelaboverdescriptiodawerehed.
provides a disclosure of particular embodiments of the invention and is
not intended for the purpose of limiting the same hereto. As such, the
invehtion is hotiiitedstecofiiitie dboyé- deseibe tmpplisativesop! sysiem is
use_@@@%’:’i@ﬁﬁscm&%ﬁﬂ%u{@ MW%%W—@&Q&H‘%H%? Réatﬁﬁg elements

invention broadly and one application embodiment specifically. It iS
basgdcogymiAesptsaroaBeskitsPHiatHE art could conceive of alternative

applications and specific embodiments that fall within the scope of the

invention. 47 What is claimed is: I. A system for non-contact thermal

treafiment dfBISSHERA#Y &t O BhERE pridtas mBIBIsE B pryecdsiHgections

of BRErAUONSHONORESING shaeans eapengtivedadogcaterplastisdargatnals to apply
omponents in.a manner facilitating.the application of radiant heating;
REL oS R GRS AT LRI SEEHE FRBSRREN the plastic

components are located for exposure, the thermal monitoring and control

sectjon comprising one 0 e solid state, RED-based radiant heating .
Somonts o R PR Aoy e R BT B tine
elematchimg apdesiredtabsorptad@acharactensticinfaheglasticitargéts micrometer

Wag&g}%(agents via a direct electrical current-to- photon conversion process.

10. The system as set forth in claim 1 wherein the RED-based radiant heating
elements are operative to emit radiant energy within at least one narrow wavelength
range specifically tuned to the heating requirements of a particuiar target component

application.

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

absorptive characteristic of the preforms; and



2. The system as set forth in claim | wherein the means operative to locate
IS a conveyance means operative to transport the plastic target
components. 3. The system as set forth in claim 1 wherein an electrical
supply current is continuous to the RED-based radiant heating elements
whereby a continuous radiant energy output results. 4. The system as set
forth in claim | wherein the RED-based radiant heating elements are
operative to emit radiant energy in aipulsed mode, with the time of
maximum output synchronously-timed to the transport of individual

molded tangetocompasenidiréogh-ineddenaukmcditening aadscahdiolthermal
seclion . The,2uelem, 2 setiorthin claim,) further comprising ab least
one of a comnvection cooling device or a conduction ooting Gevit =
configiited to remove waste heat from air and mechanical components
within the thermal monitoring and control section. 48 6. The system as

set forth in claim | further comprising a temperature sensor configured to
mealSure tdiperatiwd of individuhl targetrsohlpohertin plior R& Britesidg rsant
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determined. 7. The system as set forth in claim 6 wherein a temperature
preijfitfol system is used to generate control signals to apply to the

RED-based radiant heating elements based on a target component

temperature. 8. The system as set forth in claim 7 wherein the

temperaturd 6rEIBLE efisrost Hect Ay AP rompsring dxstires nd is

used to gepersteiCORMIbSNARISIARPR RiElbased fadianhheatpd ntent
subsections of a tarézjet%%om?onent. 9. The, system as set forth in claim |
S

whePEf REBED: dﬁ?ﬁéﬁf%ﬂlﬁéﬁf&m@ﬁ?&%erative to emit
radiant enexgyatiinen @anyeighdlto (3. aympierameier REAeREgtudloht Theating

system as s%t forth iQ claim 1 .wherein the RED-based radiant heating
3 enilents ased on.thé mcomipgégs o¥m emperatyures; a{1
elements are operative to emi lant energy withiiy at least one narrow

wavelengthonangei spegfitaly tuncdltcitimelheatithg reGlireamentadifidt heating
part'Eq farget component application. 11. A method of thermally

treating thermoplastic preforms prior to stretch blow molding operations,

the method comprising the steps of: transporting a series of preforms

throygh a thermalmaniound@ad oA 11 further comprising measuring the

temperature of subsections of a target component and generating contro! signals to apply

RED-based radiant heating to the subsections.

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

preforms.

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

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



section of a blow molding machine; irradiating the preforms using
RED-based radiant heating elements operative to emit radiant energy in a
narrow wavelength band matching a desired absorptive characteristic of
the preforms; and 49 removing waste heat from air and mechanical
components of the thermal monitoring and control section of the blow
molding machine using a cooling system. 12. The method as set forth in
claim 11 wherein the RED-based ragliant heating elements are operated
in a pulsed mode synchronous to the transport of individual preforms. 13.
Thebmethddrad st fenthammpliaim niafcirtkdesiocahyirising thesiepseaftics of the
mqull,xrégg temperature of incoming preforms to gauge latent heat content
prior tg‘ ehtering the thermal monitoring and control section; generating
control sighaioubtagpiytodtiecREDRaked thelintdseating lansents badethat
on the. ingeming Reaiorm 3%%‘?@&%{%‘3%1%@8 gommunicating these control
signals to the RED-based radiant heating elements. 14. The method as
set forth indcTagaPd fofuriReheoe eI nTBES Ty thseatdinp eragUrEBfelement
subsarIENS Ofif-IAGLL SR PARSILBRH Asnesaiing Conttrl SIgnAIs R aRRIV:s,
RED-based radiant heating to the subsections. 15. The method as set
forth in claim 13 wherein the RED-based radiant heating elements are
Opefnan;ed imeepised mc?éef@y}mcﬂar@?ws MH&&[%@%@L%&MMR@ element
preforms. 16. A system for selectively injecting, radiant heat into a target,
takhANG AOp P @&ﬁﬁ%ﬁ’sﬁ’n@aﬁt(féﬁﬁiﬁﬁé‘%ﬁ%%f%‘é“’r%?diation emitting device
element (RED), the at least one RED element being operative to emit
radigfion inananou wavelendth o0 band of adiant heatatout o maich
desired absorp??ve Characteistics of the ardet: 4 mounting arrangentent
forto positicthedtdeastonenRE DivétehehRéiekddhatsirradiation therefrom is
directed at the target; and

19.  The system of claim I7 wherein the arrays are in the form of chip-on-

board x by y arrays of individual RED devices mounted directly in a chip-on-board

configuration.

20, The system of claim 17 wherein the circuit boards on which the RED

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

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

away from the RED devices and the circuit board.

22, The system of claim 20 wherein means for conducting heat away includes
a liquid heat exchange jacket operative to move the heat a substantial distance from the

sysiem,



a means for supplying electrical current to the at least one RED element
whereby a direct electrical current-to-photon radiation conversion process
occurs. 17. The system as set forth in claim 10 wherein the at least one
RED element takes the form of an x by y array of individual RED devices.
18. The system of claim 16 wherein the at least one RED element takes
the form of a customized arrangement of individual RED devices. 19. The
system of claim 17 wherein the arrays$ are in the form of chip-on- board x
by y arrays of individual RED devices mounted directly in a chip-on-board
configuratidhe 20sFhe dysteim dficlalrerd? witerebythyeaivouitboalidsiost RED
de%@%&%&gp afj?éﬂgte%%@ @EB”E?&Q/;QQS Y ép&%al[gspggg&een xli!l.)opee than gne
operative to conduct heat away from the RED devices. 21. The system of}
seleqiefrnpoaRhereHammlcheui Yoafusdradhichniie REMmedévedsaiggometer to 5
midAEKted have heat sink devices associated therewith for conducting heat
away from the RED devices and the circuit board. 22. The system of claim
20 wherein means for conducting heat away includes a liquid heat

exchange jagkelengrativaite Mavetog hieat & syhstaptishdistaneandrory RED
the system. 51 23. The system of claim 17 wherein the x by y array of

AeHAR HHANRERTEVRES Lopses RTEasCSeRIE Ve Vites spetafads of
infipred usdanarénthamoo é-oseleatrdonaravws Wanriengiteband of infrared
radiation in a range from 1 micrometer to 5 micrometer. 24. The system
of claim 17 wherein the x by y array comprises a mix of RED devices
whicth reprébentstatiedst 4wo differdrt setectiathparronwmbvatengtdiandsd to

sep ”ﬁfggaggﬂrgq%lta}&%rs]tm %roafngng(;fp E?a%]srf‘ Ie%%g}lggfrctorrgnmf%\%r,ne.tg rio%g'i ns of
e system of claim 17 further comprising a con rolllsysEem co?ﬁlgurec} 0
actsaipal deslyasdntreddt teastangth otonfefftstatusiesiweirical current flow, and
locations of activated devices for each wavelength represented in the
array. 26. The system of claim 17 further comprising a control system

confi§ured tBe Ravens@pataie ErtaheT suprssttibhs o thksEsfay fombeured to

hatgashaae hReSItanMItindhe aiay aRIHENRIKRL BHIPU B4 ibRGvithin the
system of claim 16 further comprising a control system configured to
array and intensity of output.

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

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

28.  The system of claim 27 wherein the control system is operative to pulse
the system at electrical current levels that are substantially greater than recommended
steady state current levels to achieve higher momentary emitted tensity in pulsed
operation and respond to an input signal from an associated sensor capability to

determine a timing of the pulsed operation.

29.  The system of claim 28 wherein the control system further comprises the

ability to synchronize the pulsing operation with moving targets.



supply the electrical drive current to facilitate a pulsed mode of operation.
28. The system of claim 27 wherein the control system is operative to
pulse the system at electrical current levels that are substantially greater
than recommended steady state current levels to achieve higher
momentary emitted intensity in pulsed operation and respond to an input
signal from an associated sensor capability to determine a timing of the
pulsed operation. 29. The system ofélaim 28 wherein the control system
further comprises the ability to synchronize the pulsing operation with
moviflg tarfetsyszBol Faarsysiamestieihimat Goshensiftiie elefaenit Gmeptises
an RED slementicormpsisesian apay At aultiple REDdruices canfiguredily non-
an arrangement in a substantially non- planar configuration. 31. The
plaagisteig@lifif 30 wherein the RED devices are deployed on multiple
circuit boards configured in a three dimensional arrangement whereby
better irradjation of a certain type of target results. 32. The system of
claim' 24 whéteiie affaf filthe? cBhTprsed REB delfedssopratinecusd on
mupipdugewaveledgihsmivareange-otiisid &ithenstonal raiesapeters kg y3B8etter
. The system of claim 16.wherein the means for providing electrical current
Erral%mauﬁl?/o(éf%ﬁ%aéﬁltéf %%%%Fgf%%}gf:ewt%perative to control at least one aspect
of system irradiation output. 34. The system of claim 33 wherein the
proggammaple canrol system LOmRises 2183t ane IBULIG Bep devices
temperature sensor and’is operative ¢ ange'a Jeast on outpu
opepatizfrieterofeceandddeEhwithahe at [Bastote: teperatuse1sensomgput.
35. The system of claim 34 wherein the programmable control system
further comprises an intelligent sensor input to monitor other parameters
abodtthe tArget tepdvitiandafawisedlinlin caificationrod deipastastiecal current
is 9?985&%&%1@%%!%9&%08&%-L%Gcﬁﬂ%ﬁ)é?t%%ﬁéaﬂ!béé of system
. wherein the intelligent sensor comprises a camera system. 37. The
FoyfRiaim 34 wherein the temperature sensor comprises a thermal
infrared camera operative to monitor the target in at least one aspect
beyand that which cangge monitored by a single point temperature
me

Ureméht sBITEEP. 83 S8 hesyREHAL PRy TSUHBRAR TSPty stem
cortipiget COIBRANADIS SONMRMSe Rimperature sensor and is operative to change at Jeast

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

1Y

35,

Lh

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

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

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

systerm.

37. The system of clatm 34 wherein the temperature sensor comprises a
thermal infrared camera operative to monitor the target in at least one aspect beyond that

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



least one of PET preforms or PET bottles. 39. A heat injection method
applied to a target, the method comprising: locating the target for
exposure to at least one radiation emitting device; selectively supplying
electrical current to the at least one radiation emitting device; and,
selectively injecting heat in at least one selected narrow wavelength band
into the target by the radiation emitting device based on the selected
supplied electrical current, the seleéted narrow wavelength band
matching desired absorptive characteristics of the target. 40. The method
as s&t-forth I laiso wiserein Wherai dzs phbc SR sATENIRING Cenheie at
leadf QRESBHEENYINARUIS®MEES 21. The method as set forth in claim 39
further comprising measuring a temperature of the target and controlling
the selective supplying of electrical current based on the temperature. 42.
Thezsystem as:s6t;frbninelaim dptharein the-sadianhhaal isopatialy.or
fully absorbed by the plasti¢ target components. 43. The system as set
forth in clafffHE&PEIR#R f%%?@ﬁ&‘t%tB&hW&B‘?P&éﬂ%ﬁHQ%‘E‘E%Ft%c‘”ce
absorptionsbaogviar thepplasiic tdegaicomnpasents 44 Thelsystameasas@ition
forth in claim 43 Whereln the strong absorption band is at approximately
1.65TRIEH gtéfg *45. The system as set forth in claim 43 wherein the
strong abssxiptiovehainikisingt apprioximatsiyReSehicrahmetess: 4@vatheeth band

system as set fort cla| | wherein the arrow,wave Ien th ban .
ool T B MICAI NG T8CrCE A0 8008 auppiied

in clelienttivehecairethe Harrowentavelemgtly bansdeniydtwermnd 1m@atching  desired
micrgme: ﬁé&%&@ﬁg@gﬁﬁgt I%ﬂezl'he system as set forth in claim |

whereln the narrow wavelength band is between 1.55 micrometers to 2.0
micrometers. 49. A system for non-contact thermal treatment of plastic

targgh CoOMpRNeRLs, Jriay 13 MAliNg QURHPSESIIRG GPIFRUANR LOBRLISRGtion

a means operatlve to locate plastlc target components in a manner

emi i dRHIGIHECAPCRbH Srrdraneieating: and

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

based on the temperature.

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

fully absorbed by the plastic target components.

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

corresponds to a strong absorption band for the plastic target components.

44.  The system as set forth in ciaim 43 wherein the strong absorption band is

at approximately 1.65 micrometers.



a thermal monitoring and control section into which the plastic
components are located for exposure, the thermal monitoring and control
section comprising one or more semiconductor-based narrow wavelength
band radiant heating elements operative to emit radiant energy in a
narrow wavelength band matching a desired absorptive characteristic of
the plastic target components via a direct electrical current-to-photon
conversion process. 50. The systentéf claim 49 wherein the plastic target
components comprise at least one of PET performs or PET bottles. 51. A
metHdd of Thersisityntreatinéptiiermoplastic plefeimepriorig shetghionldand is
at gﬁ?ﬂﬂgﬁg@@@%ﬁﬁﬁ%@}gtmd comprising the steps of: 55 transporting a
series of preforms through a thermal monitoring and control section of a
blow molding machine; irradiating the preforms using narrow wavelength

bandgadiaphhealing LIGMEME IQP@EQH:V? _\?@1%‘&‘5 Eﬁgi:?a@&ﬁ{f‘%%f&q@th band is
narrow wavelength band matching a desired absorptive characteristic of

betiresprefofHiEoBA M Vi SHEBEEReat from air and mechanical
components of the thermal monitoring and control section of the blow
molding machine using a cqoling S}/s,tem. 52. The method of claim 51 .
whetdin the IREMTEPIASHE pRTfoIMSAR PETIBHTIErSY Kasitaigpnd is
betselectivelyiinjecting tadiantheahiesa target, the system comprising: at
least one narrow wavelength band emitting element, the at least one
narrow wavelength band element being operative to emit radiation in a
narréty walitengihrbanstiofordidiant!eat ouvtprtitaimatehodesiwedength band is
beQARAQTPULE sharagleristios, of (he. larget, a mounting arrangement o
position the at [east one harrow Waveiength band element such that
irradiation therefrom is directed at the target; and a means for supplting

electyical currgnt g tf%?_ﬁéd?&%%&@%ﬂéﬁﬂﬁwre‘%zﬂ%%lé@ﬁgqa‘?Jr%{nc%’ﬂ’igonems

‘whereby a diréct electrical current-to-photon radiation conversion process
prige iy polding or processing operations comprising:

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

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

direct electrical current-to-photon conversion process.

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

least one of PET performs or PET bottles.

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

blow molding operations, the method comprising the steps of:



55

transporting a series of preforms through a thermal monitoring and control
section of a biow molding machine;

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

removing waste heat from air and mechanical components of the thermatl

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

system.

52.  The method of claim 51 wherein the thermoplastic performs are PET
preforms.

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

at least one narrow wavelength band emitting element, the at least one
narrow wavelength band element being operative to emit radiation in a narrow
wavelength band of radiant heat output to match desired absorptive characteristics
of the target:

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

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

conversion Process 0CCUurs.



