
SPECIFICATION TITLE UV LED CONTROL LOOP AND CONTROLLER
FOR UV CURING BACKGROUND OF THE INVENTION 1. Field of
the Invention. The present invention relates to a
method and apparatus for more rapid UV curing of inks,
coatings and adhesives having ultraviolet (UV) photo
initiators therein which, when exposed to UV light,
convert monomers in the inks, coatings and adhesives
to linking polymers to solidify the monomer material.
More specifically, the present invention relates to a
method and apparatus for driving UV light emitting
diodes (LED) chips at 2-4 times their normal current
rating to obtain an increase in light intensity up to
8 times greater than when they are operated at their
normal current rating and with the greater light
intensity, curing the inks, coatings or adhesives more
quickly. 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 greaterthan their normal operating current while
at the same time cooling the UV LED chips with a heat
pump so they can be driven at a high operating current
for a sufficient time to achieve rapid curing before
the UV LED chips are overheated and the light
intensity of the emitted light decreases. A control
loop including a light intensity sensor and a heat
sensor and a controller are used to control the UV
light output. According to one teaching of the present
invention, there is provided a 



method for decreasing the curing time for the curing
of a UV curable product, article, or other object
having a UV curable coating, ink or adhesive thereon
comprising the steps of: positioning a UV curable
product, article or other object having a UV curable
coating, ink or adhesive thereon beneath, near or in
proximity to and in the UV light path of an array or
arrays of UV LED chips; electrically driving the UV
LED chips at a current 2 to 4 times higher than the
normal operating current for those 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 the normal operating current; and,
cooling a substrate mounting, securing, and supporting
the UV LED chips so that the UV LED chips can be
driven at the higher current for a longer period of
time than if they were not cooled. Further according
to one of the teachings of the present invention,
there is provided: a UV curing system for decreasing
the curing time for the curing of a UV curable
product, article or other object having a UV curable
coating, ink or adhesive thereon comprising a UV
curing station; at least one array of UV LED chips at,
adjacent or in proximity to the UV curing station; a
positioning mechanism for placing a UV curable
product, article or other object having a UV curable
coating, ink or adhesive thereon or therein beneath,
near or in proximity to the normal area of the UV
light path of at least one array of UV LED chips; UV
control circuitry for 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.A more detailed explanation of
the invention is provided in the following detailed
description and claims taken in conjunction with the
accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a perspective view of an apparatus
which is constructed according to 



the teachings of the present invention and which
employs a heat pump for cooling one or more arrays of
UV LED's which are electrically driven beyond their
normal rating and a feedback loop including a
controller for shutting off the UV LEDs when their
temperature reaches a predetermined or certain level
and/or the intensity of the UV light emitted from the
UV LED's diminishes below a predetermined or certain
level. FIG. 2 is a graph illustrating the current
applied to one type of UV LED array as a function of
UV light intensity and time. FIG. 3 is a plan view of
one die array of four rows of UV LED chips. DETAILED
DESCRIPTION OF THE INVENTION A detailed description of
the preferred embodiments and best modes for
practicing the invention are described herein.
Referring now to the drawings in greater detail, there
is illustrated in FIG. 1 a UV LED curing station 10
which is positioned adjacent and above a conveyor 11.
On the conveyor 11 are shown a plurality of UV curable
products, articles or other object, in this instance,
compact disks (CDs) 12, each of which has a top side
14 which has been coated and/or printed with a UV
curable coating and/or UV curable ink. 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.The UV curing station includes a heat
conducting substrate 22 (FIG. 1) having mounted on the
underside thereof, several arrays 24 (FIG. 3) of UV
LED chips 26 that are electronically coupled via wire
conductors 28 and 30 (FIG. 1) to a controller 32. The
sensing system 16 is also coupled to the controller 32
by wire conductor(s) 



34. When the sensing system 16 signals the controller
32 that a printed or coated compact disk 12 or other
UV curable product, article, or object is present
beneath the substrate 22 having the plurality of
arrays 24 (FIG. 3) of UV LED chips 26 on the underside
thereof, the controller 32, according to the teachings
of the present invention, causes the UV LED chips 26
(FIG. 1) to be electrically energized and driven
electrically in excess of their normal rating,
preferably in an amount ranging from 2 to 4 times
above the rated current for the UV LED chips 26 via
the electric wire conductors 28 and 30. UV light at
high intensity is then emitted and directed toward the
compact disk 12, or other UV curable product, article
or object, at the curing station 10. It is preferred
that the substrate 22 (FIG. 1) having the arrays 24
(FIG. 3) of UV LED chips 26 on the underside thereof
is positioned as close as possible to the compact disk
12 (FIG. 1) or other UV curable product, article, or
object since light intensity decreases exponentially
as the distance that the UV light beam has to travel
from the point of emission of the UV LED chips to the
object to be cured increases. When the UV LED chips 26
(FIG. 3) are driven beyond their normal rating range,
they will heat up quickly. As a result, the intensity
of the UV LED light emitted from the UV LED chip
decreases dramatically. To enable the UV LED chips 26
to be driven beyond their normal rating, a cooling
device such as a heat pump 36 (FIG. 1) is mounted on
the substrate 22 to help dissipate and draw off the
heat generated in the UV led chips 26 by driving them
beyond their normal operating range. The heat pump 36
is coupled to the controller 32 by wire conductor(s)
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.Initially
the colder side of the heat pump 36 (FIG. 1) will cool
the thermally conductive substrate 22 mounting the UV
LED chips. However, in view of the large 



amount of heat generated by the UV LED chips being
driven beyond their normal operating range, the normal
capacity of the heat pump can be exceeded.
Accordingly, to further dissipate heat, the hotter
side of the heat pump 36 has a heat sink 38 mounted
thereon. The heat sink 38 typically has a plurality,
set or array of heat radiating fins 40 extending
outwardly from the heat pump 36 for radiating heat
into the ambient air to dissipate the heat by
convection. Still further, to assist in the
dissipation of heat from the fins 40, a motor operable
fan 42 is coupled by wire conductor(s) 44 to the
controller 32. The operation of the fan 42 can be
controlled by the controller 32 coupled by wire
conductor(s) 44 to the fan 42. Typically the fan 42 is
maintained ON all the time UV curing occurs at the UV
curing station 10. To control operation of the UV LED
chips, a light intensity sensor 46 (FIG. 1) can be
positioned beneath the arrays 24 of UV LED chips 26
and is coupled by wire conductor(s) 48 to the
controller 32. Further sensing and control can be
obtained with a heat sensor 50 on or near the heat
sink 38 which is coupled by wire conductor(s) 52 to
the controller 32. Desirably, the UV LED chips 26
(FIG. 3) coupled to the controller 32 (FIG. 1), the
light sensor 46 and the heat sensor 50 comprise a
control loop. As shown in FIG. 3, one panel array 24
of four rows 61, 62, 63 and 64 of UV LED chips 26 are
arranged on a die panel 66. The die panel 66 can be
about four inches long and can have two bus strips 68
and 70 thereon connected to the UV LED chips 26. The
UV LED chips 26 (FIG. 3) in one row 61 can be
staggered from the UV LED chips 26 in the other rows
62, 63 and 64 so that overlapping light beams are
emitted from each UV LED chip 26 in the staggered
array of rows 61-64 of UV LED 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 LEDchips 26 (FIG. 3) and
drives them in an amount ranging from 2 to 4 times
their normal operating range, typically 3 times their
normal operating range. For example, as shown in the
graph of FIG. 2, once a set of UV LED chips is
normally driven at 1.2 amps, the controller drives
them at 3.6 amps until the light intensity starts to
diminish in a time period of approximately 2 seconds.
Empirically, it was found that when the UV LED chips
are driven beyond their normal range, such as 3 times
their normal operation range, they emit light at an
intensity up to 8 times greater than the light
intensity emitted by the UV LED chips when they are
driven at their normal current rating of approximately
1.2 amps. This difference in light intensity is
illustrated in the graph of FIG. 2. The decrease in
light intensity can be sensed by the light sensor 46
(FIG. 1). The increase in temperature of the heat sink
38 can be sensed by the heat sensor (temperature
sensor) 50. When a decrease in light intensity is
sensed by the light sensor below a certain value
and/or an increase in temperature above another value
is sensed by the temperature sensor, the controller 32
reduces, decreases or shuts off the supply of electric
current via the conductors 28, 30 to the UV LED chips
26 (FIG. 3) on the underside of the substrate 22 (FIG.
1). Concurrently, the heat pump 36 (FIG. 1) is working
to dissipate and draw away heat from the substrate 22
and thereby cool down the UV LED chips 26 (FIG. 3).
Typically, the substrate 22 (FIG. 1) is cooled down
sufficiently in about two seconds by the combined
operation of the heat pump 36, the radiation and
dissipation of heat from the heat fins 40 of the heat
sink 38, and by the cooling air propelled by the fan
42 across the heat fins. The decreased energization
time (de-energizing time) or off time can be
synchronized with the movement of the conveyor 11
(FIG. 1) which takes about 2 seconds to move a
subsequent compact disk or other UV curable product,
article or object, to a position in front of the
electric eye sensor 18 and beneath the substrate 22 at
the curing station 10. 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.If desired, an oscillating
mechanism for oscillating the substrate, as
illustrated and described in applicant's earlier
applications referred to in the Cross Reference to
Related Applications which are hereby incorporated by
reference, can be provided for oscillating the
substrate 22 (FIG. 1) further to ensure an even and
more uniform application of UV curing light to the UV
curable product, article or other object, e.g., the
compact disks 12. Among the many advantages of the UV
curing system and method of the invention are: 1.
Superior performance; 2. Better quality products; 3.
Excellent curing; 4. Faster curing; 5. More uniform
curing; 6. Improved quality control; 7. Easy to
operate; 8. Simple to use and install; 9. Economical;
10. Efficient; and 11. Effective. 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.CLAIMS What is claimed is: 1. A method for
decreasing the curing time for the curing of a UV
curable product, article or other objects having a UV
curable coating, ink or adhesive thereon,
characterized in that the method comprises:
positioning a UV curable product, article or other
object having a UV curable coating, ink or adhesive
thereon in proximity to and in the UV light path of at
least one array of UV LED chips; electrically driving
the UV LED chips at a current between 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 cooling a substrate of the UV LED chips
so that the UV LED chips can be driven at the higher
current for a longer period of time than if they were
not cooled. 2. The method of claim 1, characterized in
that the substrate is cooled by: a heat pump having
its colder side positioned in proximity to the
substrate; and/or a heat sink located on the hotter
side of the heat pump; and/or a heat sink having heat
radiating fins on the hotter side of the heat pump;
and/or blowing cooling air over the heat radiating
fins with a fan. 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/orsensing when a UV
curable product, article, or other object having a UV
coating, ink, or adhesive thereon is positioned in the
normal area of the UV light path from the array of UV
LED chips; and/or energizing the UV LED chips
subsequent to such sensing; and/or oscillating the
substrate for substantially uniform application of UV
light to the UV curable product, article or other
object. 4. The method of any of the preceding claims,
characterized in that the method comprises: energizing
the UV LED chips over a portion of a duty cycle while
the cooling is performed substantially continuously so
that the substrate of the UV LED chips is
substantially continuously cooled; and/or adjusting
the duty cycle so that the duty cycle is dependent
upon the speed of a conveyor in moving a UV curable
product, article or other object into the UV light
path of the array of UV LED chips; and/or
intermittingly energizing and de-energizing the UV LED
chips so that the portion of the duty cycle where the
UV LED chips are de-energized is greater than the
portion of the duty cycle wherein the UV LED chips are
energized; and/or controlling the period of the duty
cycle of UV LED chips so that the period of the duty
cycle that the UV LED chips are ON versus the period
of the duty cycle of UV LED chips are OFF are
approximately equal; and/or driving the UV LED chips
at a current approximately 3 times the normal
operating current for the UV LED chips; and/or
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;at least one
array of UV LED chips on a substrate in proximity to
the UV curing station; a positioning mechanism for
positioning a UV curable product, article or other
object having a UV curable coating, ink or adhesive
thereon in the UV light path of at least one array of
UV LED chips; control circuitry for 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 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 for cooling
the UV LED chips so the UV LED chips can be driven at
the higher current for a longer period of time than if
they were not cooled. 6. A UV curing system of claim
5, characterized in that: the cooling device is a heat
pump having its colder side mounted in proximity to
the substrate; and/or a heat sink is mounted on a
hotter side of the heat pump; and/or the heat sink has
an array of heat radiating fins; and/or a fan is
positioned to blow cooling air over the heat radiating
fins. 7. A UV curing system of claim 5 or 6,
characterized in that: a light sensor is coupled to
the controller in the control circuitry and positioned
in proximity to the UV light 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/orthe controller is operable to
energize the UV LED chips subsequent to the sensing by
the product sensing system; and/or the product sensing
system comprises at least one device comprising an
optical sensor, a motion detector a pressure sensor,
or a weight detector; and/or the controller is a
programmable controller for electrically energizing
the UV LED chips over a portion of a duty cycle while
the cooling is performed substantially continuously by
the cooling device; and/or the UV LED chips emit light
at an intensity when driven at a range of about 2 to
about 4 times the current rating for the UV LED chips
up to about 8 times greater than for UV LED chips
electrically driven at the normal current rating for
the UV LED chips. 8. A UV curing system of any of the
preceding claims 5, 6 or 7, characterized in that: the
positioning mechanism comprises a conveyor; and/or the
duty cycle is dependent upon the speed of the conveyor
positioning a UV curable product, article or other
object in position under at least one array of UV LED
chips; and/or 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. 


