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qui ckly. 2. Description of the Related Art.
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2. Description of the Related Art.

Heretofore, UV-LEDs have been proposed for supplying UV light for curing
inks, coatings and adhesives. However, the speed of curing is usually limited by the
light intensity of the UV light. Furthermore, light intensity decreases as the UV LED

chips are heated during operation of same.

BRIEF SUMMARY OF THE INVENTION
As will be described in greater detail hereinafter, the method and apparatus of
the present invention provide techniques and structures for applying high intensity
UV light from UV-LED chips in an array or arrays to a UV curable product, article,
ink, coating, adhesive, or other object to be cured thereby reducing the curing time.
This is achieved by driving the UV LED chips with a current that is 2-4 times greater
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electrically driving the UV LED chips at a current ranging from about 2 to about 4
times higher than the normal operating current for the UV LED chips thereby to
cause the UV LED chips to emit UV light at a much greater intensity than when the
UV LED chips are driven at their normal operating current; and, a cooling device or
mechanism for effectively cooling a substrate mounting, securing and supporting the
UV LED chips so that they can be driven at the higher current for a longer period of
time than if they were not cooled.
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At or in proximity to the UV curing station 10 is positioned a product sensing
system 16. The sensing system can include an optical sensing system with an
electric eye sensor 18 which detects and senses a light beam from a light emitter 20
for sensing when a compact disk 12 or other UV curable product, article, or object is
present at the UV curing station 10 and in the normal area of a UV light path.

The sensing system 16 can take other forms, such as, for example a motion
detector system. Furthermore, when the UV curable coated or printed product
includes a magnetizable metal, a magnetic detector system can be used. The

sensing system can also include a pressure sensor or weight detector.
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pump%% is coB Iedqgv%ﬁé/ %[)htropervéze Wy (\?vflretcrbendlu%{&%) 37 but is typically
maintained ON all the time during UV curing at the UV curing station 10. In one
embodiment, the arrays 24 (FIG. 3) of UV LED chips 26 are fixed to the thermally
conductive substrate 22 (FIG. 1) by a conductive adhesive to better conduct the heat
from the UV LED chips 26 (FIG. 3) to the thermally conductive substrate 22 and from
there by the colder side of the heat pump 36 (FIG. 1).

The heat pump 36 can be a Melcor Thermoelectric heat pump sold by
MELCOR CORPORATION of Trenton, New Jersey.
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chips 26. In this way, a more complete and uniform illumination and emission of UV
light on the printing and/or coating on the compact disk 14 (FIG. 1) or other UV
curable product, article or object is assured.

In the operation of the control loop, once the product sensing system 16 (FIG.
1) senses a UV curable product, article, or other object, such as a compact disk 12,
underneath the array 24 (FIG. 3) of the UV LED chips 26 on the underside of the

substrate 22 (FIG. 1), the controller 32 activates, energizes and turns on the UV LED
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The above cycle and procedure is repeated for the subsequent compact disk
12 (FIG. 1).

Empirical tests have shown that operating the UV LED chips 26 (FIG. 3) three
(3) times above their normal operating range does not appear to adversely affect
their operating life while a much shorter curing time is achieved with the control loop

and controller of the present invention.
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The UV LED control loop and controller for UV curing and their method of
operation provide numerous advantages some of which have been described above
and others of which are inherent in the invention. Advantageously, the UV curing
system and method of the invention achieves surprisingly good and unexpected
results.

Although embodiments of the invention have been shown and described, it
will be understood that various modifications and substitutions, as well as
rearrangements of components, parts, equipment, apparatus, process (method)
steps, and uses thereof, can be made by those skilled in the art without departing
from the teachings of the invention. Accordingly, the scope of the invention is only to

be limited as necessitated by the accompanying claims.
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3. The method of any of the preceding claims, characterized in that the method
comprises:

sensing the light intensity of the UV light emitted from the UV LED chips;
and/or

reducing the level of current to the UV LED chips when the UV light intensity
diminishes below a predetermined level; and/or

sensing the temperature of the heat sink and reducing the level of current to
the UV LED chips when the temperature of the heat sink exceeds a certain level;

and/or
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increasing the light intensity of the UV light emitted from the UV LED chips
when driven at about 2 to about 4 times the current rating for the UV LED chips up to
8 times greater than for UV LED chips electrically driven at the normal current rating
for the UV LED chips.

5. A UV curing system for decreasing the curing time of a UV curable product,

article or other object having a UV curable coating, ink or adhesive thereon, for use
with the method of any of the preceding claims, characterized in that the UV-curing
system comprises:

a UV curing station;



system conprises: a UV curing station;at |east one
array of UV LED chips on a substrate in proximty to
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fins. 7. A W curing systemof claim5 or 6,
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in proXiettydd thelUM ligre path of UV light emitted from the UV LED chips for
sensing the intensity of UV light emitted from the UV LED chips; and/or

the controller is operable to reduce the level of current to the UV LED chips
when the UV light intensity diminishes below a certain level; and/or

a heat sensor is coupled to the controller and positioned adjacent the heat
sink for sensing the temperature of the heat sink; and/or

the controller is operable to reduce the level of current to the UV LED chips
when the temperature of the heat sink exceeds a predetermined level; and/or

a product sensing system is coupled to the controller and is positioned in
proximity to the UV curing station for sensing when a UV curable product, article or
other object having a UV coating, ink, or adhesive thereon and is positioned in the
normal area of the UV light path of the array of UV LED chips at the UV curing

station; and/or
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chips¥nbfdp chi ps at a current approximately 3 tinmes the

normal operating current for the UV LED chi ps
the duty cycle includes a reduced current portion where the level of current

supplied to the UV LED is reduced; and/or

the duty cycles includes an energizing portion wherein the UV LED chips are
electrically energized; and/or

the UV LED chips are operated during a duty cycle such that the period of the
duty cycle of UV LED chips are ON versus the period of the duty cycle of UV LED

chips are OFF are approximately equal; and/or
the controller drives the UV LED chips at a current approximately 3 times the

normal operating current for the UV LED chips.
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