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Nonetheless, quartz infrared lights are widely used in industry for both
the discrete components and the continuous material processing industries. A
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deleterious effect on the appearance of the finished container. A reduction in
the optical clarity of the container, sometimes referred to as a hazing of the
container, acts to make this general approach a non-optimal solution to this

, manufactunng challenge

U.S. Patent Number 5,206,039 describes a one-stage injection
moldmg/b!ow molding system consisting of an improved means of conditioning
and transporting preforrﬁs from the ihjectidn stage to the blowing stage of the
process. In this patent, the independent operation of an injection molding
machine and a blow molding machine, each adding a significant amount of
energy into the process of thermally conditioning the thermoplastic material, is
described as wasteful. This patenf teaches that using a single-stage
manufacturing process reduces both overall energy consumption rates and
manufacturing costs. This reduction in energy consumption comes primarily

- from the fact that most of the therma! energy required to enable the blow
mo]dihg 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 aliowed to stabilize to room temperature after the
injectioh molding process. Rather, the preforms move directly from the
injection molding stage to a thermal conditioning section and then on 1o the
blow molding section.

The thermal conditioning section described in the ‘039 patent has the
properties of being able to add smaller amounts of thermal energy as well as
subjecting the preforms to controlled stabilization periods. This differs from the
requirements of a thermal conditioning section in the 2-stage process of a



based REDs) which produce IR radiation at such
sel ected narrow wavel ength bands as may be opti nal
for classes of applications. ~ Anot her

enbodi nent of this invention is to provide :
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~ node; said pul sed node being particularly suited to
providing IR heat to discretely manufactured parts as
they are transported during the manufacturing process
or to facilitate synchronouﬁofracking of targets of
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88§1t an bperating cost as well as product quglity perspective. Though several
attemnpts 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 concept and methods, it is the intention of the present
invention to overcome these deficiencjes. ,

In the solid state electronics realm, coherent sofid-state emitters or laser
diodes are well known in the art. Photon or flux emitters of this type are known
to be commercially available and to aperate at various wavelengths from the
ultraviolet (UV) through the near-infrared. LEDs are constructed out of suitably
N- and P-doped semiconductor material. A volume of semiconductor material
suitably processed to contain a P-doped region placed in direct contact with an
N-doped region of the same material is given the generic hame of diode.
Diodes have many important electrical and photoelectrical properties as is well
known in the art. For example, it is well known within the art that, at the



Yet anot her enbodi ment of this inventionis to

provi de a general radiant heating systemfor a w de
range of applications to which it can be adapted to
provide the increased functionality of wavel ength
selective infrared radiation in conbination with the
progranmmabi lity and pul sing capability. - 13 -
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Unlike filament or other blackbody type emltters, there is no requirement to
transfer input energy into the intermediate form of heat prior to being able to
extract an output photon. Because of this direct current-to-photon behavior,
laser diodes have the property of being extremely fast acting. Laser diodes
have been used in numerous applications requiring the generation of
extremely high pulse rate UV, visible, and/or near IR light.

Unlike filament-based sources, laser diodes emit over a relatively
limited waveléngth range corresponding to the specific bandgap of the

semiconductor material being used.

Summary Of The Invention

According to a first aspect of the present invention, there is provided a
system for non-contact thermal treatment of plastic target components prior to
molding or processing operations comprising: a means operative to locate
plastic target components in a manner facilitating the application of radiant
heating; and a thermal monitoring and control section into which the plastic
components are located for exposure, the thermal monitoring and control
section comprising one or more solid state RED-based laser diodes operative
to emit infrared radiant energy in the wavelength range from 1.1 to 5.0 Microns

via a direct electrical current-to-photon conversion process and wherein the



Figure 4 is a cross-sectional view of a radiation

em tting diode including a quantum dot | ayer

i mpl enented in one enbodi nent of the present

i nvention. Figure 5 is a .cross-sectional view
of a radiation emtting diode including a quantum dot

| ayer inplenmented in one enbodi nent of the present

i nventi on. Figure 6 is a cross-sectional view
of a radiation emitting diodé&lancl uding a quant um dot
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Fi gur écordingl td & ssicond tispectadfdbe peegant ovrendigs, ﬂnﬁere is provided

i nf rﬁ@dﬁ%%éébégﬂg ttqegfﬁ% hro%gw n&eﬁcﬁ b(‘ﬂw SKiding

%%Qﬁtib‘l‘wgzﬁffbo GEARRORHAIRG Me steps of: repetitively transporting a

series of preforms through a thermal monitoring and control section of a blow

- molding machine; raising the t'empefature of the preforms toward a desired
processing temperature by irradiating the preforms using laser diodes
configured to emit at least one selected wavelength of thermal infrared radiant
energy that is incident upon selected portions of the preforms; and removing
waste heat from components of the thermal monitoring and controf section of
the blow molding machine using a cooling system.

According to a third aspect of the present invention, there is provided a
system for selectively injecting thermal infrared radiant heat into a target, the
system comprising: at least one solid state radiation emitting laser diode ,the at
least one laser diode being one of a selected wavelength of thermal infrared
radiant energy output for an associated application with the target; a means for
positioning targets so that they may be heated by the irradiation of the laser
diode based system; a mounting arrangement to position the at least one laser
diode in an array such that irradiation therefrom is directed into selected
portions of the target; and a means for controlling the timing and amount of
electrical current to the at least one laser diode whereby a direct electrical
current-to-photon radiation conversion process occurs to generate the thermal
radiant energy. |

According to a fourth aspect of the present invention, there is provided a
heat injection method applied to a target, the method comprising: locating the
target for exposure to at least one thermal radiation emitting laser diode;
arranging the at least one laser diode to direct its irradiation into the target:
selectively supplying electrical current to the at least one radiation emitting

laser diode; and, choosing the at least one laser diode which emits at least one
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ensenbl e of individual RED emtters packaged together

into a RED heater el enent. Figures 12a and 12b
show the preferred depl oynent of RED heater el enents
wi thin a bl ow nol der. Fi gures 13a and 13b show

a further enbodi nent of the present invention show ng

i mpl enent ati on of RED based | aser di odes.

Figure 14 shows a preferred-iébhod for the thermal
treatment of preforns as described by this invention.
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Recent advances in sem conductor processing

technol ogy have resulted in the availability of

direct electron-to-photon solid-state emtters that
operate in the general md-infrared range above 1

m croneter (1,000 nanoneters). These solid state

| aser diodes are based on devites that -15- operate

anal ogous to comon |ight enmitting di odes (LEDs),
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-16- the intrinsic band-gap and quantum dot geonetry

of this fabricated diode emtter. It is anticipated

that the hal f-power bandw dths of candi date | aser

diode emtters will fall sonmewhere within the 20-500
nanonet er range. The narrow wi dth of infrared
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wavel engt h-specific irradiation applications as
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Figures 9 and 10 show the relative percentage of infrared energy

transmitted through a 10 mil thick section of PET as a function of wavelength.



that the lattice nismatchi ng between an | nxGi _xAs
.substrate and an | nAs quantum dot can be controll ed
by altering the level of indiumw thin the InxGal _XAs

substrate. As the amount of indiumwthin th
WOREHI4%UAs substrate is increased, the degre%“%S'FS*’*om"013306

m smat ching i s decreased, and the wavel ength
associated with photon em ssion is increased (Le.,
the energy gap is decreased). Indeed, this patent

di scl oses that an increase i-i4t he anount of indium
within the substrate from about 10%to about 20% can

i ncr efigurend 1aal thangt W oshawma twaisy qneeawip vbinsividua RED
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dep03|ted on_a i um ar seni de 2 substrate or
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have sem conduct or vices that emt or absorb
photons of wavel ength longer than 1.3 gm there

remains a needﬁétanledmwmmmﬂrhdm&m@ﬁ this
nat ur

e ¢ Shaebise EABan i e RIp e o 4 FEse! Abnpweproach to
bb&lme 10 di’ﬁec&lymlltﬁlnt subatanitianquéantitearvt afffitedGadet rh@iation at

I%c%edo waveiengths for the purpose of replacing such broadband type
radiant heating sources. Many types of lasers would be useful for practicing
this invention but gas and chemical lasers, while capable of producing large
amounts of optical power, are much more difficult to control and are not
available in many of the necessary wavelengths. Whether in their native
wavelength output or when specially adapted for selected wavelengths, they
can be quite expensive. Although other Iésers will suffice to practice the
presently described embodiments, solid state lasers are typically more
practical to mount integrate, and control and more economical. The identified
devices for the preferred embodiment are the first of a new class of devices
that are just becoming available and are more efficient quantum converters of
input energy. They also can be manufactured at a substantially wide range of
selected wavelengths which may be requiréd for some materials or
applications. i

Recent advances in semiconductor processing technology have

resulted in the availability of direct electron-to-photon éoiid—state emitters that
operate in the general mid-infrared range above 1 micrometer (1,000
nanometers). These solid state laser diodes are based on devices that



percent by weight indium and quantumdots |ocated on
sai d I nxGai _xAs | ayer, where the quantum dots
conprise InAs or Alzlni _zAs, where z is a nolar

fraction of |ess than about 5 percent by wei gh
WA WHHAR - 18- The presgnt inven%/i on %T@Z"W“Iﬂm
i ncl udes a sem conductor device conprising a quantum
dot conprising InAs or Al zlni_zAs, where z is a nolar
fraction of less than about 5 percent by weight
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a portion of the quantym dot, t
ST ARalopows 1 SREO I ETHNAS s SIL BRI Y Hpydo not
@%‘hﬁ d@lﬁl@ﬁfgﬁhﬁgt St Muel ﬂﬁtnal lﬁ%@fgﬁi dtthé Rﬂﬁ;eﬁ* hﬁﬂ—mfrared

he sem cond UCt or devices . ncl.ude

‘Hﬁ‘éﬁ?ﬂmr@oﬁheﬁ?@fmiaﬁ&mﬁ? Ng*q“haafeﬁp'a{r%ﬁ"amq%ﬁ@f)d%'ﬂces

Whidhi Rz 'cﬁlﬁhtdﬂ‘h Gbﬁ%hﬂélo@@'tﬁéﬁhayé&ﬁ‘aké}eﬂ&oﬂgh theelailers
to or less than

t dot
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e
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Pfrafdd {m%@éienéthsﬁ’and nlt‘i& hnlicigaeddharivansbd heastatibn® Yf this

I n ot her enbodi ments | east 0% .a
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ess an

ImVANBoR Slthes b e DA BEAtoR uBoesr gt fer
peegs.enbodi nents, the lattice constant of the
| nxGal d?ss’tln%?ﬁsrh this ngvg %ias% 6fséielv%sés from the conventional shorter
wavelength devices (LEDs), these devices are more appropriately described
as radiance or radiation emitting diodes (REDs). The devices have the
property of emitting radiant electromagnetic energy in a tighﬂy limited
wavelength range. Furthermore, through proper semiconductor processing
operations, REDs can be tuned to emit at specific wavelengths that are most.
advantageous to a particular radiant treatment application. Those REDs tuned
to preform as laser diodes may be referred to as L-REDs, or laser radiance
emitting diodes. , B

Thus, innovations in RED technology related to the formation of a
ddped planar region in contact with an oppositely doped region formed as a
randomly distributed array of small areas of material or quantum dots for
generating photons in the targeted IR range and potentially beyond have
evolved. This fabrication technique, or others such as the development of
novel semiconducto‘r compounds, adequately applied yield the solid-state mid-
infrared laser diode emitters for the subject invention. Alternate semi-
conductor technologies may also become available in both the mid-infrared as
well as for long Wavelengtl'l infrared that would be suitabie building blocks with
which to practice this invention.

Direct electron {or electric current)-to-photon conversions as
contemplated within these described embodiments occur within a narow

wavelength range often referred to as pseudo-monochromatic, consistent with



than the lattice constant of the dots. In those
enbodi nents where the dots are | ocated on an

I nxGai _xAs cladding matri x, the nolar concentration
of indium(Le., x) within this cladding matrjx |ayer
WR3PHEY M om about 0.55 to about 0. 80, optioﬁﬁW%ﬁ#hﬁﬂﬁm”
about 0.65 to about 0.75, optionally from about 0.66

to about 0.72, and optionally from about 0.67 to

about 0.70. In one or nore enbodi nents, the

| nxGal _xAs cl adding natrix i-46t ocated on an i ndi um

hosphor ni de (I nPi As | ayer that |is .
ORI HROSR A A S SRS dnis abeated diads
eRRHEN. |Es§im@dd fRittSe hallpoWaPbany®iiths oF Eindidéte laser
e nx

ch t} X As cl addi.ng i.s de ited is a one
SR erhiliess Pl Blysogtenate vt e S800 nagpeistes @pgs. The
hafow witily of RYrarsd bifittere oF tis Bije/stRuld Beppdtk Siari¥tisof
g@%g I nr u-gggg;i%i? g'r%cis ;%wbst r:? § ipgﬁ%g%\ﬁgli%mﬁhgﬁ avithin the content of

€Hid eOimpistedisdlbsure U Iy RindlyIREDRSiIcRE drtitthéechnology with
T RNl S A eI T AT
ppFedtionSetialyies.560/626,380,0Ned chdlovenibsrhts, 200Gk nttIde!
"Quantum Dot Semiconductor Device" and naming Samar Sinharoy and Dave
Wilt as inventors (Attorney Docket No. ERIL.P.US0002; Express Mail Label No.
EL 726091609 US) (also filed as U.S. Application Serial No. 11/280,509 on
November 16, 2005), which application is incorporatéd herein by reference.

According to this "Quantum Dot Semiconductor Device" application,
semiconductor devices are known in the art. They are employed in
photovoltaic cells that convert electromagnetic radiation to electricity. These
devices can also be employed as light emitting diodes (LEDs), which convert

. elecirical energy into electromagnetic radiation (e.g., light). For most
semiconductor applications, a desired bandgap (electron volts) or a desired
wavelength (microns) is targeted, and the semiconductor is prepared in a
manner such that it can meet that desired bandgap range or wavelength
range.

The ability io achieve a particular wavelength of emission or electron
volt of energy is not trivial. Indeed, the semiconductor is limited by the
selection of particular materials, their energy gap, their Iattice: constant, and

- their inherent emission capabilities. One technique that has been employed to
tailor the semiconductor device is to employ binary or tertiary compounds. By
varying the combositional characteristics of the device, technologically useful
devices have been engineered.

The design of the semiconductor device can also be manipulated to
tailor the behavior of the device. In one example, quantum dots can be
included within the semiconductor device. These dots are believed to
quantum confine carriers and thereby alter the energy of photon emission
compared to a bulk sample of the same semiconductor. For example, U.S.
Patent No. 6,507,042 teaches semiconductor devices including a quantum dot



cl addi ng and the substrate. One enbodi ment is
shown in Fig. 1. Fig. 1, as well as the other

figures, are schenmatic representations and are not

drawh to scale with respect to the thickness of each
WQ3IMF421conponent, or with respect to the rEf4§HE/013306
t hi ckness or di nensi on between each | ayer

conparatively. Devi ce 1000 i ncl udes substrate
1020, optional conduction [ayer 1025, . buffer

structure 1030; claddi ng | aye¥-1040, and dot | ayer

1050. As those skilled in the art apareciate, sone

averc Smeatically, delpaches apanttnedals of taragnide (InAs) that are
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kb3 b ceBosRB i ohixa %), 1R #eRPalse sisgioses the fact
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thi ckness of InP substrate 1020 "may ‘be greater than
goantdnt dohean be contrefled by aterngntte Igvelafdnditmawitlitthe
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TG 5as sl A LABICERI M b 1Tl
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REHARIER 1 5Bk le ord eRAG. L% 6 efiput A inprepse the
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t. 1. m.cron. . I n.ope..eqbodi pent.,_ _opti onal
onaui s RuEERRdIgey dissinstl ea Ul amant Ny B 042 may prove
asefi irdsrolvidivgaivicsd\Mat cAR@niPbRAbSIID (ks haingh -
i ndi i s Ia%gr may. be from about

&%ﬁ%‘%éﬁ%‘?ﬁ@ Béms}"g:otgﬁtég Y 1P INFISRSRIBE Arepusy of tdium within

ahog%eﬂ? Sths SUBBHRRS isadtdd! Ih'diRzaRetds, Bs e [vePBOHEIUM is
0.535. I'n one or nore enbodi nents, conduction | ayer
roreased above 2Q%rR08h & even vRgs, Ithe deghaa ekimperfections or

SRR AR ) AT RREE. 8 S4SE  whre
e GaanrA pubsirateds deperitestorva wplliug aesenide (GaAs) substrate
or wafer. Accordingly, devices that emit or absorb photons of longer
wavelength (Iowei' energy gap) cannot be achieved by employing thé
technology disclosed in U.S. Patent No. 6,507,042,

Accordingly, inasmuch as it would be desirable to have semiconductor
devices that emit or absorb photons of wavelength longer than 1.3 um, there
“remains a need for a semiconductor device of this nature. '

In general, a RED provides a semiconductor device comprising an
Iny(Gaq-xAs layer, where x is a molar fraction of from about 0.64 to about 0.72

percent by weight' indium, and quantum dots located on said InyGaq.yAs layer,
where the quantum dots compi‘ise InAs or AlzInq.2As, where z is a molar

fraction of less than about 5 percent by weight aluminum,.



gi ven device. In one or nore enbodi nents, the

t hi ckness may be from about -20- 0.05 mcron to

about 2 mcrons, optionally fromabout 0.1 mcron to

about 1 m cron. In one or nore enbodi nents
WARWEH2yer 1030 conpri ses i ndi um phosphor difg/US2007/013306

arsenide (InPi_yAsy). In certain enbodi nents, the

buffer |ayer 1030 conprises at |east two, optionally

at | east three, optionally at |east four, and

optionally at least five InPl8-yAsy layers, with the: ,

| attice constant of each | ayer increasi as the ..

| ayer Thapsesandinvesitien alsq g eﬁ@o?ﬁ@'eegaa‘gpé dewiog comprising

EQfuaPhafiRIot coRPrshy IAARIE y LA @hero z A TRsar fraction of
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tessdhan abb6ies percent by @&{ghtaldmirhin,darisla tladding ayer that

LRI04 SR o M4 302 bl el e copsiptor e
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' barrier |layer 1040. The lattice constant
LS t
g%ses}églg?tf{'f%ayer 1034 is greater than first layer

. 1032, Thrdentieondhictorodevicassinakute af qudntue dotyayeriodeding
e 28 (RSP gl APl prsentis Mg g whore 2
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ayers is 1ncrease
mismatched. The lattice mismatch may be at least 1.8%, in other

embodiments ai_ least 1.9%, in other embodiments at least 2.0%, and in other
embodiments at least 2.05%. Advantageously, the mismatch may be less than
3.2, in other embodiments less than 3.0%, in other embodiments less than
2.5%, and in other embodiments less than 2.2%. In one or more ‘
embodiments, the lattice constant of the InxGa1-xAs matrix cladding is less
than the latiice constant of the dots. )

In those embodiments whére the dots are located on an InyGaq-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, optionaily from about 0.65
to about 0.75, optionally from about 0.66 o about 0.72, and optionally from
about 0.67 to about 0.70. '

In one or more embodiments, the InyGa{.xAs cladding matrix is located
on an indium phosphorous arsenide (InP{.yAsy) layer that is lattice matched to
the InyGa{xAs cladding matrix. In one or more embodiments, the InP{.yAsy
layer onto which the InyGaq_xAs qiadding Is deposited Is a one of a plurality of
graded (continuous or discrete) rlnPj -yAsy layers that exist between the
InyGa1-xAs cladding and the substrate onto which the semiconducior is

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



successive layer. For exanple, first buffer |ayer

1032 may i nclude about 0.10 to about 0.18 nol ar
fraction arsenic (La, y), second buffer |layer 1034

may i ncl ude about 0.22 to about 0.34 nolar fraction

W 2W7(i40221and third buffer |ayer 1036 may i ncdiqJd&2007/013306
about 0.34 to about 0.40 nolar fraction arsenic.

In one or nore enbodi nents, the increase in arsenic

bet ween adj acent buffer layers (e.g., between |ayer
1032 - and Iayer 1034) is lesd8han 0.17 nol ar
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about 10 nm to about t micron.
in one embodiment, optional conduction layer 1025 comprises indium
gallium arsenide (InxGaq.xAs). The molar concentration of indium (i.e., X)

within this layér may be from about 0.51 to about 0.55, optionally from about
0.52 to about 0.54, and optionally from about 0.53 to about 0.535. In one or
more embodiments, conduction layer 1025 is lattice maiched to the InP
substrate.

Conduction layer 1025 may be doped to a given value and of an
appropriate thickness in order to provide sufficient-electrical conductivity fora
given device. In one or more embodiments, the thickness may be from about



anot her. In one or nore enbodi nents, cladding
| ayer 1040 may have a thickness that is from about 10
angstrons to about 5 mcrons, optionally from about

50 nmto about 1 mcron, and optionally from
WO WI#PI8 about 0.5 microns. - In one op&%gsfémml”%

enbodi nents, quantum dot | ayer 1050 conprises indium
arseni de (InAs). Layer 1050 preferably includes
wetting layer 1051 and quantum dots 1052. The

t hi ckness of wetting |layer %1 nmay be one or two

nono | ayers. In one enbodinment, the thi %k
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il e tarchthe lattice cobistamd ebthirddayercT03Ristgreated than sgoond layer
;hg,vﬁ 1054, 1056, and 1058, are internedi ate claddi ng

rs 1062, 1064, 1066, and 1068, respectively.
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soinpbaitiohaf ltiye successwe Iayers in one or more embodiments, the
concentration of arsenic in the InP1_yAsy buffer layers is increased in each

successive layer. For exampie, first buffer layer 1032 may include about 0.10
to about 0.18 molar fraction arsenic (i.e., y), second buffer layer 1034 may
include about 0.22 to about 0.34 molar fraction arsenic, and third buffer layer
1036 may include about 0.34 to about 0.40 molar fraction arsenic.

In one or more embodiments, the increase in arsenic befween adjacent
buffer layers (e.g., between layer 1032 and layer 1034) is less than 0.17 molar
fraction. It is believed thét any defects formed between successive buffer
layers, which rmay result due to the change in lattice constant resulting from
the increase in the arsenic content, will not be deleterious to the
semiconductor. Techniques for using critical composition grading in this
fashion are known as deécribed in U.S. Patent No. 6,482,672, which is
incorporated herein by reference.

In one or more embodiments, the thickness of first buffer layer 1032
may be from about 0.3 to about 1T micron. In one or more embodiments, the
top buffer layer is generally thicker to ensure complete relaxation of the lattice
structure. ‘



simlar or identical to cladding |ayer 1040. In other
words, the internedi ate cladding | ayers are

preferably lattice matched to barrier |ayer 1040,

which is preferably lattice matched to top buffer
WRM14236. | n one or nore enbodi nents, the BHYERHELL06
- of internediate |ayers 1062, 1064, 1066, and 1068 may
be fromabout 3 nmto about 50 nm optionally from
about 5 nmto about 30 nm and optionally from about

10 nmto about 20 nm -21As noted above, the
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Substrate 1115 conprises InP. The thickness of

substrate 1115 may be from about 300 to about 600

m crons. Lateral conduction |ayer 1120 conpri ses

InxGai xAs that is lattice matched (i.e. within 500
WIbHPTAB2InP substrate 1115. Also, in one or oy gS2007/013306
enbodi nents, |ayer 1120 is n-doped. The preferred
~dopant is silicon, and the preferred degree of doping
concentration nmay be fromabout 1 to about 3 E

9/cnB. The thickness of |at®fal conduction |ayer 1120
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~grade or “sub- er thereof). In one or nore
stimitrdindentical toneigddingAsyer HEdl. g othgravords3thecigigimediaie

csard)cﬂﬂda E%Ps Qre%e?e‘}agmﬁiﬁcg 'nzeft}Ched to bafrier tayer 1040, which is
preferably lattice matched to top buffer layer 1036. In one or more
embodiments, the thickness of intermediate layers 1062, 1064, 1066, and
1068 may be from about 3 nm o about 50 nm, optic_:_nalty from about 5 nm to
about 30 nm, and optionally from about 10 nm to about 20 nm.

As noted above, the various layers surrounding the guantum dot layer
jnay be positively or negatively doped fo manipulate current flow. Techniques
for manipulatfng current flow within semiconductor devices ié know in the ast
as desctibed, for example, in U.S. Pat. Nos. 6,573,527, 6,482,672, and
6,5’07,042, which are incorporated herein by reference. For example, in one or

_more embodimenté, regions of layers can be doped “p-type” by employing
zine, carbon, cadmium, beryllium, dr magnesium. On the other hand, regions
or layers can be doped “n-type” by employing silicon, sulfur, tellurium,
selenium, germanium, or fin.

The semiconductor devices envisioned can be prepared by employing
tachniques that are known in the art. For example, in one or more
embodiments, the various semiconductor layers can be prepared by employing
organo-metallic vépok phase epitaxy (OMVPE). In one or more embodiments,
the dot layer is prepared by employing a self-forming technique such as the
Stranski-Krastanov mode (S-K mode). This technique is described in U.S. Pat.
No. 6,507,042, which is incorporated herein by reference.

One embodiment of a radiétion emitting diode (RED) including a
quantum dot layer is shown in Fig 4. RED 1100 includes base contact 1105,
infrared refiector 1110, semi-insulating semiconductor substrate 1115, n-lypse
lateral conduction layer (LCL) 1120, n-type buffer layer 1125, cladding layer
1130, quantum dot layer 1135, cladding layer 1140, p-type layer 1145, p-type
layer 1150, and emitter contact 1155. Base contact 1105, infrared reflector



WO 2007/ 149221PCT/ US2007/ 013306 -24- percent nole
fraction indium The thickness of cladding |ayer 1130
is about 0.1 to about 2 microns. Quant um dot

| ayer 1135 conprises InAs dots as descri bed above

W 2971482 ect to the teachings of this inventREHAUSZHE/13306
W th previous enbodi nents, the internedi ate | ayers

bet ween each dot |ayer include InxGi _xAs cladding
simlar to cladding |ayer 1130 (Le., lattice

mat ched). I n one or nore enggli nents, the anount of
indiumin one or nore successive internedi ate

t1 t0) dienj-ihsulating sempiconducioe stbsimte 1di Enn-tyremiaterabepndyction

b4 Gy 1125 Rt Bl By B 1124 Had A TB P, duitim ot
laget 1 35, raicodiading layer iitifiare Boelogenp to thaseesaraigorsiuctor
Ao T MR, s L0t oy rose Lo aey

t hat Basé aontace! 188 playdnelade numerous highly conductive mateérials. -
Exemplary materials include gold, gold-ziﬁc alloys (especially when adjacent to
p-regions), gold-germanium alloy, or gold-nickel alloys, or chromium-gold
‘(especially when adjacent to n-regions). The thickness of base contact 1105
may be from about 0.5 to about 2.0 microns. A thin layer of titanium or
chromium may be used to increase the adh,esion between the gold and the
dielectric material. I ’

Infrared reflector 1110 comprises a reflective material and optionally a
dielectric material. For example, a silicoh oxide can be employed as the
dietectric material and gold can be deposited thereon as an infrared reflective

“material. The thickness of reflector 1110 may be form about 0.5 to about 2
~ microns. | |

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

Lateral conduction layer 1120 comprises IngGa1.xAs thatis lattice
matched (i.e. within 500 ppm) to InP substrate 1115. Also, in one or more

. embodimehts, 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. '

Buffer layer 1125 comprises three graded {ayers of InP{_yAsy in a

fashion consistent with that described above. Layer 1125 is preferably n-
doped. The preferred dopant is silicon, and the doping density may be from
about 0.1 to about 3 £ 9/cm?3. 7

Cladding layer 1130 comprises InyGaj.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,
IncGa1-xAs cladding layer 1130 comprises from about 0.60 to about 0.70



I nxGai _xAs | ayer 1140. Also, in one or nore

enbodi nents, |ayer 1145 is p-doped. The preferred
dopant is zinc and the dopi hg concentration nmay be
fromabout 0.1 to about 4 E19/cnB. The thickness of
WOOHRY/HERNt | ayer 1145 may be from about 20 B{H§$3007/013306
‘about 200 nm Contact |ayer 1150 conprises | nxGai _XAs
that is-lattice matched to confinenent | ayer 1145,
Contact layer 1150 is preferably p-doped (e.g., doped
with zinc.). The doping coneB#trati on may be from'
about 1 to about 4 E19/cnB. The thickness of contact
paigent mpdpfrastian ggiugpo dhedhiskresspisilrddinglayes 1430 imabout

63N out 2Miferdrid0 may be renoved fromthe enti re
surface except under |ayer 1155,
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Confinement fayer 1145 comprises InPq.yAsy that is lattice matched to
InxGa{.xAs layer 1140. Also, in one or more embodiments, layer 1145 is p-
doped. The preferred dopént is zinc and the doping concentration méy be

from about 0.1 to about 4 £19/cm3. The thickness of confinement layer 1145
may be from about 20 nm to about 200 nm.
Contact layer 1150 comprises InyGaq.yAs that is lattice matched to

confinement layer 1145. Contact layer 1150 is preferably p-doped (e.g., 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 Iayér 1150 may be removed from the entire surface
except under layer 11565. '

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

Another embodiment is shown in Fig. 5. Semiconductor device 1200 is
configured as a fadiation emitting diode with a tunnel junction within the p
region. This design advantageously provides for lower resistance contacts
and lower resistance current distribution. Many aspects of semiconductor
1200 are analogous to semiconductor 1100 shown in Fig. 4. For example,
contact 1205 may be analogous to contact 1105, reflector 1210 may lbe
analogous to reflector 1110, substrate 1215 may be analogous to substrate
1115, lateral conduction layer 1220 may be analogous fo conduction layer



-25- 1120, buffer layer 1225 may be anal ogous to
buffer |layer 1125, cladding |ayer 1230 nay be
anal ogous to cl adding layer 1130, dot |ayer 1235 nay
be anal ogous to dot |ayer 1135, cladding |ayer 1240
Wi 0B al ogous to cl addi ng |ayer 1140, andPCI/US2007/013306
confinenent |ayer 1245 may be anal ogous to
confi nenent | ayer 1145. Tunnel junction |ayer 1247
‘conprises InxGi _xAs that is lattice matched to
confinement |ayer 1245. The -28i ckness of tunne

junction layer 1247 is about 20 to about 50 nm
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Another embodiment of an RED is shown in Fig. 6. Semiconductor
device 1300 is configured as a radiation emitting diode in a similar fashion to
the RED shown in Fig. 5 except that electromagnetic radiation can be 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 Flg B). Also, the semiconductor device 1300 shown in Fig. 6
includes an emitter contact/infrared reflector 1355, which is a “full contact”’
covering the entire surface {(or substantially all of the susface) of the device.

In all other respects, device 1300 is similar to device 1200. For
example, contact 1305 may be analogous to contact 1205, substrate 1315
may be analogous 1o substrate 1215, lateral conduction layer 1320 may be
analogous to conduction layer 1220, buffer layer 1325 i*nayA be analcgous to
buffer layer 1225, cladding layer 1330 may be analogous to cladding layer
1230, dot layer 1335 may be analogous to dot layer 1235, cladding layer 1340
may be analogous to cladding layer 1240, and confinement layer 1345 may be
analogous-to confinement layer 1245, funnel junction layer 1347 is analogous



In all other respects, device 1300 is simlar to
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Grated InP1.yAsy layer 1620 is analogous o the grated inP{.yAsy
bﬁﬁér shown in Fig. 2. Buffer 1620 is preferably n-doped at a concentration at

about 1 to about 9 E18/cm3.

tayer 1625 and 1630 form wave guide 1627. Layer 1625 comprises
indium gallium arsenide phosphide {In{.xGAxAszP{.z). Layer 1630 iikewise
comprises Inq.xGAxAsP1.z. Both layers 1625 and 1630 are lattice matched

to the top of layer 1620. In other words, layers 1625 and 1630 comprise about
0 to about 0.3 molar fraction galfium and 0 to about 0.8 molar fraction arsenic.
Layer 1625 is about 0.5 to about 2 micfbns thick; and is n-doped ata .

concentration 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 &1 8/cm3.

Confinement layer 1635, dot layer 1640, and confinement layer 1645
are simitar to the dot and confinement layers described above with respect to ‘
the other embodiments. For example, confinement layer 1635 is analogous to
confinement layer 1040 and dot layer 1640 is analogous to dot layer 1050
shown in Fig. 3. In cne or more embodiments, the number of dot layers
employed within the dot region of the laser device is in excess of 5 dot layers,
optionally in excess of 7 dot layers, and optionally in excess of 9 dot layers
(e.g., cycles). Confinement layers 1635 and 1645 may have a thickness from



Grated InPi _yAsy layer 1620 is anal ogous to the

grated InP-j _yAsy buffer shown in Fig. 2. Buffer 1620
is preferably n-doped at a concentration at about 1

to about 9 E181cn8. Layer 1625 and 1630 form
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1620. In other words, |ayer€7t625 and 1630 conprise

000128 1 YanHB Srdal DA bl RAed ) o0l G avers
1535, he??,g?im 1@-4:,)5;13@ pmerablwbgn;gpled ¢.an-thepade atirimsic). -
ouiayst 165,800 B8 Satn Ave it 1655 s fhshion to
|&yTE eB5aindoTe 3, lakes tt 660 ankdot Gﬁﬂiicﬂhpm Iny.xGAxAsSP -z that

Confi nenent | ayer 1635, dot 1640, and
ig iatficeeatehed wae tas 95 buffer *sﬁaﬁv | kayver J65Qds aBputFAY to about

800 pinEtbena B EnEEnbRigT o RO 10 ApOREP Efbich2, Laver
65538 dbudn ab about?2 mcmfthnkrmut is Ipa}cmedlﬂ@cm@nﬁ@ltlon of

| ayer 1640 is anal ogous to dot-|ayer 1050 shown in
leﬂéoﬂq‘i’"bﬂ@'f@fc re enbodi nents, the nunber of dot

| ayeng dpaibAbSdinwnt, hh?ert TesgiRtia b@ﬂélqayérfthhﬁe alrmsgous to

device is in excess O | ayer.s t | |
tuiies Gy 670, Jivek iy b melke et e i HoGiasts agreash
Gtabe il ptrer f@nihe GYEIER) dotsD mjayéer@sti is| refrsbi} P38oped at a

and 1645 may have a thickness from
concentration of 1-9 E18/cm®.

Layer 1665 comprises indium phosphide {(InP). The thickness of layer
1665 is about 200 to about 500 nm thick and is preferab!y p-doped at a

concentration of about 1 to about 4 £19/cmS.

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

In other einbodiments, layers 1660, 1665, and 1670 can be analogous
to other configurations described with respect to other embodiments. For
example, these iayer's can be analogous fo layers 1145, 1150, and 1155
shown in Fig. 4. Alternatively, layers analogous to 1245, 1247, 1250, and
1255 shown in Fig. 5 can be substituted for layers 1660, 1665, and 1670. -

Various modifications and alterations that do not depart from the scope
and spirit of these device embodiments wili become apparent to those skilled
in the art. ' . |

Of course, it should be appreciated that, in one form, the invention.
herein incorporates RED elements as described. Howevery, it should be
understood that various other device technologies may be employed in
connection therewith. For example, RED based laser diodes mag} be
implemented in a variety of manners, an example of which will be described in
connection with Figure 13. in addition, various semiconductor lasers and other
laser diodes may be employed with suitable modifications. Of course, other



27- about 125 to about 500 nm and are lattice matched
to the wave guide. Layers 1635, 1640, and 1645 are
preferably non-doped (i.e., they are intrinsic).
Layers 1650 and 1655 form wave guide 1653. In a:

- VO MO ashi on to |ayers 1625 and 1630, | ay'dréUSERE 13306

and 1655 conprise Ini_xGAxAszPi _z that is lattice
‘matched to the top of buffer 1620. Layer 1650 is
about 500 to about 1,600 nm p-doped at a
concentration of about O 5 t@8about 1 EI 8/cnB. Layer

655 about to abqut mcrons thick and is
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1660 i s preferabl ﬁ doped at a. concentration of 1-
efergyqutput in order tc have adequate amplitude of irradiation. Agam, in one
form, these devices will be RED based laser diodes (also referred 1o as L-

' REDs). In most heat applications of the inveniion, such devices will typically
be deployed in some sort of high density x by y array or in multiple x by y
arrays, some of which may take the form of a customized arrangement of
individual RED devices (again, in one form, L-REDs). The arrays can range
from single devices to more typically hundreds, thbusands, or uniimited
number érrays of devices depending on the types and sizes of devices used,
the output required, and the wavelengths needed for a particular |
implementation of the invention. The RED devices will usually be mounted on
circuit boards which have at least a heat dissipation cépability, 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. itis
possibte to take advantage of recent innovations in die mounting and circuit
board construction to maximize density where desirable for high-powered
applications. For example, such technigues as used with flip chips are
advantageous for such purposes. Although the efficiency of the RED devices
is good for this unique class of diode device, the majority of the electrical
energy input is converted directly into iocalized heat. This waste heat must be
conducted away from the semi-conductor junction to prevent overheating and
burning out the individual devices. For the highest density arrays, they may
likely use flip-chip and chip-on-board packaging technology with active and/or
passive cooling. Multiple circuit boards will often be used for practicality and
positioning flexibility. The x by y arrays may also comprise a mix of RED
devices which represent at least two different selected wavelengths of infrared
radiation in a range from, for example, 1 micrometer to 5 micrometers.

For most apptiéations, the RED devices will be deployed
advantageously in variously sized arrays, some of which may be three
dimensional or non-planar in nature for better irradiation of certain types of
targets. This is true for at least the following reasons:



Layer 1665 conprises indi um phosphide (I1nP). The
t hi ckness of |ayer 1665 is about 200 to about 500 nm
thick and is preferably p-doped at a concentration of
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and economics to the application requirements.
7. To facilitate the synchronization of the output to a moving target or for
other ‘output motion’.
8. To accommodate driving groups of devices with common control
circuitry,
9. To accommodate multi-stage heating techniques.

Because of the typical end uses of diodes, they have been )
manufactured in a manner that minimizes cost by reducing the size of the
junction. It therefore requires less semiconductor wafer afea which is directly
correlated to cost. The end use of RED devices will often require substantial
radiated energy output in the form of more photons. It has been theorized that
REDs could be manufactured with creative ways of forming a large photon
producing footprint junction area. By so doing, it would be possible to produce
RED devices capable of sustaining dramaticaily higher mid-infrared, radiant
output. i such devices are available, then the absolute number of RED
devices needed to practice this invention could be reduced. it would not
necessarily be desirable or practical, however, given the high power outputs
associated with the many applications of this invention, that the number of
devices would be reduced to a single device. The inventidn can be practiced
with a single device for lower powered applications, single wavelength



enabl i ng technol ogi es may be devel oped for
efficiently producing |imted bandwidth irradiation
i n advant ageous wavel engt hs. In order to
practice the invention for a particular application,

WQ 2007/14924sual |y require deploying multiple dSHEBY0E3306
produce enough radi ant heat energy output in order to
have adequate anplitude of irradiation. Again, in one
form these devices will be RED based | aser di odes
(also referred to as LREDs) ..3¢n nost heat
applications of the invention, such devices wll
applumt)hg, dreif diegp REMR devines cae bgomnmfactnregiwvdb sufficjent output

ﬁ%ﬁ’%‘ﬂ%ay or inmltiple x by y arrays, sone of

of i n&mﬁ/d:ygﬁfﬁtﬁgg@fb&rtgneg;m;g;;ﬁé ?hrgwéggec?ﬁrwﬁgfsngs
FP AR it 1 3t SRR ahaT e AEDR W B aridlea
withirethearandiyss of asindle pieceayfaiigiongGaliurharsenjstes rgium
PhOEAE, HENhEPS AR Subl@ R Wit RO netBAS. i

S nee or a particu nmentati on of
ehiargen bandgan artiae mnuuetkm as the photgs psoductips sites on the

gﬂfg ‘ﬁg%)ﬁocgbntﬁ% é% §b$1lm3rd¥ﬁ?mféaaaﬁa\éﬁcﬁiﬁ g\@esawﬁ@flhse ball

not speC|a enova
gudamaysdor elastricar wmnepnwtsREBJd@dewe% packagascovld iiiesybe

BQeﬁ ﬁ‘ér}{ug @’581 facﬁ%fn%gthbrh&[réﬁ reYe%:‘n ekl oﬁﬂé«itﬁdf{( frithnection

It 1's possi
waadmgﬁomy th@cmmrql ayient: i Eg@m ah imrortaNi lesigy RaTameter is

é&&‘\tt?lkb‘? ;Lﬁeﬂﬁﬁ bHBhAhE e%aﬁﬁa hiiré SHSSA WB?bé

SI ra ower I cations. For exanple
sllowed éo mﬂmﬂ@rggu nugelu 100° ﬁo fl PBhCewith sugest chemistries,

SHHABERERIEp s RIS FBESSS oA il oo e
bandgap Aren ag coolas pessiblpelitraless ﬂ'taf' e d%"@eél%tﬁor‘ihébl
ﬁg%&&&%@%ﬁfnchﬁc&?ém%h% fHisratdd and Bé&dr@@&b'ré@iﬁnt ﬁhotons.

IS waste heat nust be conducted away fromt

Jwis. herirpignoiorneutting-each BEB A {0 Hipsiralithaagd shpuld
%HHEMEQ tlﬂ'ﬁ‘nﬁd?ﬁnbé & Yérﬂﬁ@ingciﬁé 'Héﬁﬁfroﬂthe tdé@icbl féftiently as

ensity arrays, they may |i

ospibich Fiss example l0ggt Agn P@dﬁmﬂvsa}wmnﬁﬂaw @%0%9% fgy stud

PafiisPaf ARl 4186 thHHédj F&rebléd:th@all donBaaticistohk lanebeihd
be used for practjcal | and'aﬁf"l)_gsnlonlra'I flexibilit

pﬁ@qgeor@syegpweg&gf tﬁg);i ireuiiboa whicipflpe devices are

FeMiMed it dlﬁ:l%éﬁ?t ocd hbgesdndustiorlas velleodtthat the heat
sel ect ed wavel en

y t infrared radi ation,i
PR po FomAsl A Bomthg dgvies which 3 By crpHeRishs Wil Einploy
'ﬁ@(at am&g orRidoling | uém@: akhecbdedto Raep o) W%Jit dvard cool. ltis
oye nt ageous in various ized arra

SR PR et ArtuiEy sy cemiTanon st Fav e e gl Tieas
tdleFerics mtfhérat hrist afways e kept mxlowithe eritkmt clatn,agesrauge of the
targets true r,, at
By Aot o aBey pabi st DeshBlaki subRr o8 it bogras
ﬁhidlv‘ddaﬂ)]? of ini mumptescxfrttpgy cpoldive byrayaiis alhl%metr?eve! array of

t e e dey i ces rovi de for
éﬁ(‘.f[)? ‘BF%S&?FE% hega?%l '8Uea"nd “7‘?53%85 K5t f ace t han
a Si ngh eledgwin@thedldsd configuratign forrdegiaying RED devices into
pr oy the functi nall that r bt
bRty sipvaaBontd e ol therOfh 5, B BHRITRR. bieldegiiner
must consider the whole range of varlables Some of the variables to be
considered in view of the targeted application include packaging, ease of
deployment, costs, electronic connectivity, control to programmability



4. To allow mxing into the array devices that are
tuned to different specified wavel engths for many
functional reasons described in this docunment. 5. To
facilitate matching the 'geonetry' of the output to
WORS0BHPR cul ar application requirenent. 6. T 102007013306
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requirenents. 7. To facilitate the synchronization of
the output to a noving targe8tor for other 'output
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 be very inefficient 1o try to heat that material in that wavelength range.

-Conversely, if the material is too 'absorptive at a cerntain wavelength, then the
applicatidn of radiant heating will result in surface heating of the material. For
materiais that are,inefiicient'heat conductors, this is not usually an optimum
way to heat evenly through the material.

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

This is illustrated with an example in the plastics industry. Referring to
Figures 9 and 10, by examining the transmission curve of Polyethylene
terephthalate (PET resin material, as it is known in the industry), out of which
plastic beverage containers are stretch blow molded, it can be observed that



applications, or, if the RED devices can be
manuf actured with sufficient output capability.
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invention is the first of its kmd avallab!e to make solid state, wavelength
selactive irradiation available in the middle-infrared wavelength bands. It can
be configured for a wide range of modalities and treatment types. Due to its
highly flexible form factor and programmable nature it is capable of being
configured for a particular body size and weight to produce the appropriate

angles, intensities, and wavelengths for custom treatment.
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fransmissive so that the desired cooking result can be achieved. Thus the
radiant-energy will be absorbed progressively as it penetrates to the desired
depth. '



-41- maintain the desired noisture content. It is,
therefore, possible to understand how the subject

i nvention, in conbination with the appropriate

sensors, and controller "intelligence" can truU¥
WOUM7149%e the smart oven of the future. GT/Ugp07/013306
course, possible to conbine the present |nvent|on

wi th conventional cooking technol ogies, including
convection ovens and m crowaye oven capability to get

t he best bl end of each of tflse technol ogy of ferings.
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as has been described above., When used in combination with a moisture
sensor, it would be possible to respond with the combination that would



Figure 8 gives a graphical indication of a single RED
conponent 10. The RED 10 conprises a stack 20. The
stack 20 may take a variety of configurations, such

as the stacks of sem conductor layers and the_ lik

We P019¥%%ed in connection with Figures 1-7. qu&zoo?mssos
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Figures 11a, 11b, and 11¢ show an example ensemble of individual
RED emitters 10 packaged together into a suitable RED heater element 100.
In this embodiment of the invention, the REDs 10 are physically mounted so




Al so contained within the preferred system enbodi nent
are tenperature sensors 270 (which may take the form
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WA Ah a singl e point tenperature neasu éﬁz 007/013306

sensor is capable) and a tenperature control system
280. These aspects of the preferred bl ow nol der
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-47- correct direction. The physics of extended
sources renders this very inefficient. The coherence
of the laser right is not relevant to this nethod,
but the brlghtness or the "directedness"” is

W TSR Lasers are inherently bright, and JGEEP007/013306

l'ight of the appropriate wavel engths propagates
through free space with little |oss, hence extraneous
heating is no |onger an issue. Lasers are typically
wat er cool ed, and excess he#d# goes into the water
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view than a nore conventional, collimted | aser beam
If disposed in an array, the output patterns of such
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control signal to be applied to the scanning infrared
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| aser diodes) (Step 330). The preferred control

signal is then communicated fromthe tenperature
control system 280 to the scanning infrared |aser




The above description nerely provides a disclosure of
particul ar enbodi nents of the invention and i s not
i ntended for the purpose of limting the same hereto.

As_such, the invention is not limted to onl &g
WKL cr i bed appl i cations or embodi nent s.ﬁ/cf'%ﬁi 007/013306

di scl osure addressed many applications of the

i nvention broadly and one application enbodi nent

specifically. It is recognized that one skilled in
the art could conceive of at*®rnative applications
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replacement for -the heater elements 100 and otherwise integrated into the
system of Figures 12a and b, Minor modifications to the system, including the
thermal monitoring and control system 210 may be desired to accommodaie the
replacement;, however; any such changes will be apparent to those skilled in the
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described) of the system to achieve timing in the system so that the laser diode
output energy is synchronized to the conveyance. Likewise, pulsing and
continuous mode operation would be controlled in the system by the control
subsystem 280 and other components of the system.

The system 2000 includes an iImplementation of an RED based laser
diode array to generate that appropriate energy wavelengths contemplated by
the subject embodiments. As shown, the system 2000 includes a solid state
RED based laser array 2002, a scanner means 2004 and a ranspori system
20086 for exemplary target componenis or preforms 2008 to deliver the
components to a thermal treatment region of the system. The arréty 2002
includes a circuit board supporting the RED based laser diode devices 2010



3. The systemas set forth in claim1l wherein the
array of |aser diodes is conprised of at |east sone
devi ces whi ch have diverging irradiati on beans such
that at |east some of the irradiation output
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another on the surface of the target. 4. The system
as set forth in claim1 further conprising a scanning
devi ce operative to redirect_the thermal infrared
radi ant energy emtted by tﬁQ*array into selected

FBPoHET B R ReREPOEE froris R, MESLE B0p8Rkive to
ensiboné at mbrevstlectetovaciengtwyoldelvared radinst enargy withisi the
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- To render the system as scanning, at least one of the array 2002, scanner

means 2004, and/or the transport means 2006 is put in motion during the
generation of laser beams. Those of skill in the field wil hai!e an understanding
of the various manners in which such motion can be generated. However, as but
one example, the scanner means 2004 may iake the form of a gaivanometer that
is capable of moving a mirrbr in the X and Y directions. This X and ¥ motion
would typically be programmably controlled to repeat the motioh that is the
desired radiation pattem. This would allow for areas of the target components to
be radiated by the laser beams. '

As another example, the system may be set-up 1o take advantage of the
fact that the target components may be in motion in one direction (e.g. the X
direction) as thay are conveyed by the transport system 2006. in this case, the
scanner means need only be operable to move the beamns in, for example, the Y
direction to achieve irradiation of selected areas of the target components.

if the objective is to achieve a stationary beam, the components of the
system could be rendered stationary, and selected points on the target
companents being trans.ported by the transport means could be irradiated. In at
least one form, with reference back to Figure 12, each laser diode of an array of
laser diodes could be focused on specific points, for example. It may be desired
to use a beam expander lens in order to make sure that the array of projected
lasers have the desired coverage area and beam overiaps which would be
appropriate to the application. In this case one or both of the scanner means or
the conical mirror, might not even be necessary. '

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



7. The systemas set forth in claim4 wherein the
scanni ng device is capable of redirecting the radiant
energy within a three di mensi onal scanning region.
8. The systemas set forth in claim7 wherein the

VQUHIME devi ce is programmable so the at | HSYURGHY013306

of the anount of tine, quantity of irradiation, or
the placenment of the irradiation can be controlled
t hrough signal s determ ned %‘y the control system 9.
The system as set forth in @& m1 further conpri sing
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orth in claim1 further conprising at |east one

the WQ@E@WB@@“% feothavg disgedeams aredivegird toyard a non-

BIa0ar, , 8. d&%éﬁé?raﬁ;@&ém%lr Ritr&I20181RYiEn HEbe: the aayst foWard the
alr hani cal conponents within the the I

r ma
SARNEbLHSViEE anmeansE0at. dabopikibe apprsciated that. any suitable non-
planar mirror may be implemented, any such mirror being shaped to facilitate

improved delivery of thermal infrared radiant energy from the laser diodes into
the target component, or portions of the target compohént. The scanner device
2004 then focuses the rays onto selected regions of the target component 2008,
e.g. a preform as shown. It should be understood that a variety of forms of a
scanner device 2004 may be implemented. For‘example, multiple scanners may
be implemented, the exact number of which depends on the speed of
processing, the number of target components, etc. In one form, as shown in
Figure 13b, multiple scanners 2004 are shown as being positioned to adequately
inject heat into a plurality of tér'get components in, for example, a blow molding
environment. Of coursé, in the environment of a slower process, or an
environment of scanners having improved speed of opei‘aﬁon, fewer scanners
may accomplish the application. In some appl\ications, a single scanner may
suffice. | ' o

Referring back now to Figure 13(b}, multiple scanner devices 2004 are
displayed in the system 2000. The optional conical mirrors 2002 are
representatively shown in association with each scanner device 2004. A
conveyance device, such as at 2006, and product carrier sites 2007 are also



14: The systemas set forth in claim 13 wherein the
conduction cooling device is a subsystem for
conti nuously cooling the RED based | aser di odes by

way of a liquid cool ed heat conduction el ement
VP 8942 her mal |y coupl ed to the nounting. meHreUHPO7/013306
the | aser diode arrays to continuously conduct heat

away fromthe devices to keep their tenperatures in a
desired range. 1%. The systemas set forth in claim1l
further conprising a tenper&8fure sensor configured to
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forth in claiml wherein the array of RED- based |aser
aferiuacd Py o EPaFPN /SIS < D S0ITh P AB IR CRRtrelisyStem s
sLPPESd BY tdmpeizturd fenSofs eNBArAErases]. @ifeirbd cameras) which, in
conjunction with suitable routines, can determine the amount and timing of
- irradiation required. This configuration provides suitable feedback for closing
the foops on the system. _
it should aiso be appreciated that, although an array _of laser diodes or L-
REDs are described in connection with Figures 12a and b and 13a and b, an
appropriately powered single laser system may be used to generate the desired
irradiation. Sucha system wouid require changes to the systems of Figureé 12a
‘and b and 13a and b to-accommodate the architecture of a single, more powerfut
laser, however. Any such changes will be apparent fo those of skill in the art. i
~ should also be understood that various combinations of solid state lasers, laser
diodes, L-REDs, and traditional laser systems (as well as REDs) may be



21. The systemas set forth in claim1l wherein the
RED- based | aser di odes are operative to enmt radi ant
energy within at |east one narrow wavel ength range
mgemflcally tuned to the heating requirenents of the
2087148721 r om whi ch the particul ar target coffpdHERY/0i3s06
has been manufactured. 22. The system of claim21 '
wherein at | east two wavel engths are chosen for the
irradi ation of the target because of the absorption
rates char acteristic to eacttavel ength-in at |east
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rmn_ i tigures BRU7 dustrate metitadsorcoordiag ibd Hw prsisaénhigvention. It

5?'2’\(}:62# QS gpbgés #tgg tléé’t?géggﬁ% ﬁ{)ﬁg Pna?f e |h’§>l€t‘i’\@ﬁ@dﬁmg suitable
softwete @nidprdware cembinations ang tecdmuaﬁ ola:@rsexample, the noted
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and control ow nol ne usi n
taeatmﬂmt ot theympplastic peefonRs isehowa ouflmmgathm bagicHeps |

ol Cﬁ@as(ewaﬁng%en%a HeRepbeddiatd boyYor 28O thiRbAEThermal
rponitering and control system 210 (Step EO'I.S)O nOf cc?urrgg, f éllnc?u!& (t:)sé
understood that, with aH embodiments showing conveyance, a simple means
' to locate the articles for exposure, with or without conveyance, may be
employed. The preforms 240 are irradiated using scanning thermal infrared
Iase:js (e.g.-an array 2002 of laser-based REDs or laser diddes) contained
within the thermal monitoring and control system ?_10 (Step 310). A convection .
cooling system 260 is used to remove waste heat from the air and mechanical
components within the thermal monitoring and control systefn 210 (Step 315).
" Another method 301 for the treatinent of thermoplastic preforms is
outlined in Figure 15. In method 301, (Step 310), the process of irradiating
preforms 240 using scanning infrared lasers (e.g.laser-based REDs or laser
diodes) is replaced with Step 320. During Step 320 of method 301, preforms
240 are irradiated synchronously to their motion through the thermal
monitoring and conditioning system 210. This synchronous, pulse imadiation
provides substantial additional energy efficiency because the L-RED devices
that are currently aimed at the petform are the only ones that are turned on at
any given instani. In one form, the maximum output of the pulsed energy is
synchronously timed to the transport of individual targets.



WO 2007/ 149221PCT/ US2007/ 013306 -59- thernopl astic
material to optimze at | east one of the depth of
heat penetration, speed of heating, |ocation of

heating, or thickness to be heated. 26. The t ho .
‘@%?0"?/&)‘8@% in claim24 further conprising thepqg'i"ésﬁg"%%”é

of : measuring tenperature of incomng preforns to
gauge |l atent heat content prior to entering the
thermal nonitoring and control section; generating
control signals to apply toSthe | aser diodes based on

e VA SR PRGBS R aifa GENRbARLCrorome s
obiflifletidh Figureales Ihahispnéthoprangeths/tenipezaiued etincoodng
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cohtrol systen210 (Step 396psAdemperatuk cortmi gesteaud@dusing the
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a preferred control signal to be applied to the scanning infrared laser
subsystem (e.g. an array of laser-based REDs or laser diodes) (Step 330).
The preferred control signal is then communicated from the temperature
controtl system 280 to the scanning infrared laser subsystem (Step 335). The
preforms 240 are then irradiated using the lasers contained within the thermal
monitoring and control systems 210 {Step 310). A convection cooling system
260 is then used to remove waste heat from the air and mechanical
components within the thermal monitoring and control system 210 (Step 315).
Still another method 303 of the treatment of thermoplastic preforms is
outlined in Figure 17. In method 303, Step 310, the process of irradiating
preforms 240 using a scanning infrared laser 'subsystem (e.g. having an array
. of laser-based REDs or laser diodes), is replaced with Step 320. During Step
320 of method 303, preforms 240 are puise irradiated synchronously to their
motion through the thermal monitoring and conditioning system 210.
The above description merely provides a disclosure of particular
~ embodiments of the invention and is not intended for the purpose of limiting
- the same hereto. As such, the in‘vention is not limited to only the above-
described applications or embodiments. This disclosure addressed many
applications of the invention broadly and one application embodim'ent
specifically. It is recognized that one skilled in the art could conceive of
alternative applications and specific embodiments that fall within the scope of
the invention. |



29. The nmethod as set forth in claim27 wherein the
scanner device is programably controllable such that
it can change the tinme that the irradiation is

i nci upon sel ected portions of the pref .
‘{(I(Egm?f@{;%%d as set forth in claim27 wherei no{(;géuﬁzg@gjrm%
di odes are RED based | aser di odes which are

configured in nultiple device arrays. - 31. The system

of claim 24 wherein the |as diode irradiation is
augnent ed by al so using quartZ l'anps irradiation for

\}i}ﬁ?{ %r}:galﬁﬁ% preforms. 32, A systemfor selectively
|

ting thermal infrared radiant heat into a
target, the systemconprising: -60- at |east one
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| east one e’ln an array suc
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por ti ongofolldaetibR caRipris#ifone or more solid state RED-based laser
diodes operative to emit infrared radiant energy in the wavelength
range from 1.1 to 5.0 Microns via a direct electrical current-to-photon
conversion process and wherein the laser diodes are disposed in an
array so that a substantial portion of the rédi_ant energy emitted from
the array is incident into portions of the target components.

2. The system as set forth in ciaim 1 further comprising a non-planar
mirror specially shaped to facilitate improved thermal infrared radiant energy
delivery from mulliple laser diodes into the iarget component.

3. The system as set forth in claim 1 wherein the array of laser diodes is
comprised of at least some devices which have diverging irradiation beams
such that at least some of the irradiation output patierms from the at least some
of the devices overlap one another on the surface of the target.

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

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

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



a nmeans for controlling the timng and anount of
el ectrical current to the at |east one |aser diode
whereby a direct electrical current-tophoton

radi ati on conversion process occurs to gener F
WHEPHEP? M adi ant energy. 33. The system as seq%t[?%fz 1013306

in claim32 wherein the at | east one | aser diode
takes the formof an x by y array of individual |aser
di ode devices and at | east % portion of the array is
in a generally cylindrical Brmto facilitate the

ener r
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grid nmounti ng
regioay of i ndivi dual deV|ces to faC|I|tate di recting
irradiation toward the target. 36. The system of
claim 33 wherein the circuit boards on which the
8. ase Thei syiterdeasi st forth i ¢lalon 7evheleln 1B ssanpingsigvice is
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detSHhingdl & g. Gha RYALE SSly@fé?n mount ed have heat sink

evi ces associ ate herew th for conducting heat away
“fromthe | aser diode devices and the circuit board.

g 61- Tra?é%%ysTﬁ-?. st 859 .ﬁhﬁh "ﬂfﬁﬁhé\h@cfrﬁbﬁblg?‘ m:..ﬁler:aser

COﬂdUCtI at away i ncl udes exchan

scaoriag dﬂ)&@mﬂﬁé&m wglreﬁ%thﬁéaerrﬁalémfs%fﬁgﬁﬁﬁwt engrgv
HhinbatAnk LA RR SYedi8Aportions of target components.

10. The system as sef forth in claim 1 wherein the means operative to
locate is a conveyance means operative to repetitively transport the plastic
target components Inio and out of a thermal treatment region.

11. The system as set forth in claim 10 wherein a control means is arranged
to determine when electrical current is supplied to selected RED-based laser
diodes so that the timing of their radiant energy output can be synchronized to
the conveyance means to iradiate the target as desired. '

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

13. The systém 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 thermai monitoring
and control section.



39. The system of claim 38 wherein the heated |iquid
medium fromthe |iquid heat exchange neans i s pl unbed
to where it can be used for other heat gain needs.

40, The system of claim 33 wherein the X by
W 243 dual | aser di ode devi ces conpri ses ({ﬁlﬁ%@é{mss@s

one | aser di ode device which produces radi ant energy
at at least one additional selected wavel ength of
infrared radiation in a ran from1.1 mcronmeter to
‘5 mcroneter. 41. The systgﬁlof cl aim 33 wherein the
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ctivat evi ces or eac wavel engt h represent ed
in the array. 43. The system of claim33 further
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onprising a control system configured to supply the
Céﬂmﬁﬁﬂéeﬂﬁtﬁ%‘“@drrent to facilitate a pul sed node
of operation. 45. The system of claim44 wherein the
control stemis gperative to se the system at -
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Si gnal to determne a timng of the pul sed operati on.
1_7.62_ The system as set forth in claim 16 wherein the temperature of
subsections of the target component are measured and the dataused to -
generate control signals to apply RED-based laser heatin‘g‘ to subsections of a
target component to heat it {0 a pre-specified temperature which for further
processing of the target component.

18. The system as set forth in claim 17 wherein the temperatures of
subsecﬁons of the target component are measured by Way of a high speed
infrared sensor capable of measuring the tempaerature of each individual farget
component and closing the loop with the control system to uniquely irradiate
each individual target component as needed io produce the selected
termmpeérature profile for subsequent processing.

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



46. The system of claim45 wherein the control system
further conprises the ability to synchronize the
intensity of the pulsing operation wth noving
targets. 47. The system of claim 32 wherein
W%é@?’lﬁ’ﬁ%‘ | aser di ode el ement conprises an a];(f,lggszﬁt#mlssos
mul tiple | aser diode devices configured in an

arrangenent in a substantially non-pl anar

configuration. 48. The systemof claim47 wherein
the L-RED devices are depl op8d on nultiple circuit

oar confiqured,in.a three,di ispnal arr nt
Zher dby Sota As st K At 1 SRR R s W5 Bl laser
dictegedrelopudtive to it raddiantssretrgynwithirch aamgeldf Wado .5
t.he array further conprises at |east sone of the.
'TI'_‘Q'@EE?tSE%'PK%@"QBErat ive to produce wavel engths in a

range outside the 1.1 to 5 mcronmeters range.
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sensor and is operative to change at | east one out put
paraneter in accordance with the at | east one
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Systémirradiati on output. 53. The system of
claimb52 wherein the at | east one intelligent sensor

JaPUtrre ARt @ i EvRerNs i Wavelength chosen for the

irradiation of the target is chosen in accord with the target composition

material’s fundamental absorption bands and is chosen to optimize at least
one of desired depth of heating, location of heatingj, speed of heating, or
thickness to be heated.

- 24. A method of heating thermoplastic preforms priorrto stretch blow
molding operations, the method comprising the steps of:
' repetitively transporting a series of preforms through a thermal
monitoring and control section of a blow molding machine;
raising the temperature of the preforms toward a desired processing
temperature by irradiating the preforms using laser diodes
configured to emit at least one selected wavelength of thermal
infrared radiant energy that is incident upon selected portions of the
preforms; and removing waste heat from components of the thermal
monitoring and control section of the blow molding machine using a
cooling system. '

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



-63- 54. The system of claimb51 wherein the
tenperature sensor conprises a thermal infrared

camera operative to nonitor the target in at | east

one aspect beyond that which can be nonitored by a

VO HOT/&98di nt t enper at ure neasur enent sensor.PCT%S.2"’5’I7t‘1’é3306
systemas set forth in claim32 further conprising at

| east one approximately conical mrror operative to
facilitate inproved directivity of the radi ant energy
fromat |east one array of |-88er diodes into the

ar get 6. The system.as t forth i:n ¢lajm 32 .
i Rblasts matRtary rihias af RpskBle el erth & Beappenetration,
speiéd et hediting, iavditiontof tiatiny, ethickesss ol Béatkgast one
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further conprising.a.mrror assqciated with the

scanni n@ERNI cqqﬂ@' ﬁfqn,agﬁ too%?':ﬁ)é tq){l;@ﬂg?qr\;gog%s based on the
r edi r ectinddrainggrteforin enfiegytureéd;0 t he sel ect ed ,
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set fortq?"igrﬂu%'f:aﬁ'ﬁq &?ﬁﬁf@%‘:‘ﬂspﬂ@[‘%@g‘ﬁ%ﬁ?&r Slfgyffe@e i s
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pl anar, & k pensi,onal s ....00. The.system as t
Porth | Toluh REF witRe SRpifaubaR R T ied & he
capabl e tenspedimeans.ng t he radi ant energy within a

three di nensi onal space. 61. The systemas set forth

in claim56 wherein the scanning device is capabl e of
8éi ngThe mpthodablset th nodlhiet 28 wdieréihahe irradistiat eatput of the

C 2 of
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B pcanyeiofevideewbichriaiopgraied isyschmeaass to the transport of individual
preforms.

28. The method as set forth in claim 24 further comprising measuring the
temperature of subsections of a target component and generating control
signals to apply the laser diode heating to the subsections.

29. The method as set forth in claim 27 wherein the scanner device is
programmably controllable such that it can change the time that the irradiation
is incident upon selected portions of the preform.

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

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

32. A system for selectively injecting thermal infrared radiant heat into a
target, the system comprising;:
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manuf acturi ng process. 63. The system of claim62
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mounting facility for a quartz |lanp proximte to the
pat h of :conveyance through the thernmal nonitoring and
treatnment area such that there is augnentation of the
i rradiation fromdiodes wit®%rradiation fromquartz

| anps. 64, heat i nj.ecti an nethod. L
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portions of the target; and )
a means for controlling the timing and amount of electrical current to
the at least one laser diode whereby a direct electrical current-to-
photon radiation conversion process occurs to generate the thermal
radiant energy.

33. The systém as set forth in claim 32 wherein the at least cne laser diode
takes the form of an x by y array of individual laser diode devices and at least
a portion of the a'rray is in a generally cylindrical form to facilitate the general
aiming of the radiant energy at the target.

' 34.  The system of claim 32 wherein the at least one laser diode takes the
form of a customized 'arrangement of individual devices, such arrangement to
facilitate generally directing the necessary quanta of radiant energy toward the
target. |

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

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

37. The system of claim 36 wherein the circuit boards on which the laser
diode devices are mounfed have heat sink devices associated therewith for
conducting heat away from the laser diode devices and the circuit board.
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41. The system of claim 33 wherein the x by y array comprises & mix of L-
RED based devices which represents at least two different selected
wavelengths of thermal infrared radiation in a range from 1.1 micrometerto 5
micrometer. '

42. The systemn of claim 33 further comprising a control sysiem configured
to separately control af least one of on/off status, electrical current fiow, and
locations of activated devices for each wavelength represented in the array.

43. The system of claim 33 further comprising a conirol system configured
to have separate control of sub-sections of the array for at least one of position
within the array and intensity of output. B

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

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



70. The system of claim 32-wherein the neans for
positioning is conprised of a conveyance neans
whereby the target is noved through the heating
irradiation region repetitively, including a path of

WO 20EI4%H and a path of travel out 71. The ByKPIAMY7GH3s06
claim 70 wherein the |laser diode irradiation is

augnented by positioning quartz |anps along the path
of travel of the conveyance nmeans and irradiated with
both quartz |lanps and a | as®F- di ode system whi |l e t he

arg I : : ' ' | .
4h o amnsysgeﬁ PEQ%&%EQ%.&W&M& et AP f e comprises
the ability to synchronize the intensity of the pulsing operation with moving
targets.

47.  The system of claim 32 wherein the at least one laser diode element
comprises an array of multiple laser diode devicés configured in an *
arrangement in a substantially non-planar configuration.

48. The system of claim 47 wherein the L-RED devices are deployed on
mufiiple circuit boards configured in a three dimensional arrangement whereby
- better irradiation of a certain type of target results.

48. The system of claim 41 wherein the array further comprises at ieast
some of the L.-RED devices operative to produce wavelengths in a range
outside the 1.1 to 5 micrometers range.

50. The system of claim 32 wherein the means for providing electrical
current is a programmable control system operative o control at least one
aspect of system irradiation output. '

51, The system of claim 50 wherein the programmable control system
comprises at least one input from a temperature sensor and is operative to
change at least one output parameter in accordance with the at least one
temperature sensor input.

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

53. The system of claim 52 wherein the at least one inteliigent sensor input
includes a camera system.
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54, The system of claih 51 wherein the temperature sensor comprises a
thermal infrared camera opei'ative to monitor the target in at least one aspect
beydnd that which can be monitored by a single point temperature
measurement sensor.

55. The system as set forth in claim 32 further comprising at least ane
approximately conical mirror operative to facilitate improved directivity of the
radiant energy from at least one array of laser diodes into the farget.

56. The system as set forth in claim 32 further comprising a scanning
device operative to redirect the radiant energy emitted from at least one laser
diode into the targets.

57. The system as set forth in claim 32 for the comprising muitiple scanning
devices operative 1o redirect the radiant energy emitted from at least one laser
diode into the targets,. each scanning device having a unique assignment.

58. The system as set forth in claim 56 further oomprising a mirror .
associated with the scanning device, the mirror being operative 1o redirect the
radiant energy into the selected portions of the target components.

53. The system as set forth in claim 56 wherein the scanning device is
capable of redirecting the radiant energy within a planar, two dimen_sional
space.

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

61. The system as set forth in claim 56 wherein the scanning device is
capable of being programmably controlled such that the system can be
programmed to direct selected quanta of radiant energy to specific regions of a
moving target by way of the scanning device means.
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62. The system of claim 1 wherein the plastic target components comprise
at least one of PET preforms or PET bottles during the bottle manufacturing
process. ‘

63. The system of claim 62 wherein the system also incorporates at least

~ one mounting facility fbr a quartz lamp proximate to the path of conveyance
through the thermal monitoring and treatment area such that there is
augmentation of the irradiatio_n from diodes with irradiation from quartz lamps.

64. A heat injection method applied to a target, the method comprising:

locating the target for exposuré to at least one thermal radiation emitting
laser diode; '

arranging the at least one laser diode to direct its irradiation into the
target:

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

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

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

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

65. The method for heat injection of clairh 64 wherein the method for
locating the target for exposure involves a conveyance means to repefitively
move fargets inio and out of the exposure area.

66. The method for heat injection of claim 64 wherein the at least one
specific wavelength is defined as diodes producing two or more different
wavelengths are used such that the combination irradiates the target to the
desired end by combining the characteristics of the absorption at each
wavelengih.
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67. The method as set forth in claim 64 wherein the at least one radiation
emitting device is operational in a pulse mode.

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

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

70. The system of claim 32 -wherein the means for positioning is comprised
of a conveyance means whereby the target is moved through the heating
irradiation region repetitively, including a path of trave!l in and a path of travel
out. '

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



