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ABSTRACT

The invention provides a light guide exposure device comprising light emitting
diodes arranged in a single array defining an array width and a flexible light guide
having a proximal end and a distal end; the proximal end defining a proximal end
diameter. The array is positioned in substantial alignment with the light guide
proximal end to direct substantially all of the light from the array to the proximal
end. There 1s no optical element between the light emitting diodes and the
proximal end which optical element would decrease the intensity of light directed
from the light emitting diodes to the proximal end. The array width 1s

substantially equal to the proximal end diameter.
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Docket No: DYM-111

LIGHT GUIDE EXPOSURE DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a device and method for curing photosensitive
compositions using an exposure device containing a light guide such as an optical
fiber. More particularly, the invention pertains to a light guide exposure device for
curing photosensitive compositions by ultraviolet (UV)/violet light generated by

light emitting diodes and directed to the photosensitive composition by the light
guide.

Description of the Related Art

Ultraviolet curable photosensitive compositions are used in the manufacture of
electronic components, medical equipment, and other industrial products. The
photocuring compositions found in such environments are typically cured using
mercury-arc lamps to flood the UV sensitive material with UV light. While
mercury-arc lamp technology 1s widely used, such technology has several
disadvantages. One disadvantage is the relatively short life span of the mercury
bulbs used in the mercury-arc lamps. Furthermore, the mercury-arc bulb degrades
nonlinearly during its lifetime. As a result, conventional mercury-arc photocuring
systems often require monitoring and adjusting the output power as the bulb
degrades. Further, mercury-arc lamps are typically powered-on even during stand-

by periods because they require cumbersome warm-up and cool-down cycles. As

a result, much of the life of the mercury bulbs may be lost during these stand-by
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pertods. Another disadvantage is the broad spectrum of the light radiated by the
mercury-arc lamp. A mercury-arc lamp radiates UV, visible, and infrared (IR)
light. Typically, UV band pass filters transmit the portion of the UV spectrum
required for curing a particular photosensitive material. Heat-rejecting IR filters
are usually employed to prevent heating of the cure surface. Because the IR
radiation creates a very hot lamp housing, transmission optics near the lamp

housing must be made of temperature resistant, UV-transmissive materials.

A wide variety of means are known to control the illumination of a light exposure
apparatus. For example, the illumination from the light source can be controlled
by changing the current or voltage of the light source or by changing the effective
phase section of the current. U.S. Patent 6,515,430 shows a typical light exposure
device including a lamp for shining light through a light delivery device which
can be an optical fiber. Between the lamp and the optical fiber are a shutter and a
diaphragm which controls the duration and intensity of light sent from the lamp to
the optical fiber.

In other illumination control techniques, a neutral or gray wedge, a filter or a
similar absorptive device can be placed in the optical path between the light
source and the optical fiber. However, varying the illumination density by means
of a gray wedge is limited and does not permit unobstructed directing of light, but
will always reduce maximum illumination. It is also known in the art that the

brightness of the light emitted by optical lamps may be controlled by means of a
built-in 1ris diaphragm. U.S. Patents 2,735,929 and 3,222,510 show a standard

irts diaphragm. However, an iris diaphragm will change the entrance angle of the
light into the optical fiber and the exit angle of the light emanating from the
optical fiber.
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U.S. Patent 7,273,369 shows an optical fiber light module which includes a
hollow housing including at least one heat sink, and two or more light sources
such as LED arrays. U.S. Patent 4,948,214 shows a lens array for optical
scanning devices including a light guide and microlens device for LED imaging.
U.S. Patent 6,260,994 shows an endoscope structure which includes LEDs
arranged in a matrix at an end of a cylindrically-shaped housing, a light guide for
guiding light from the LEDs forward, and a focusing lens. U.S. Patent 6,645,230
shows a structure including an array of LEDs mounted on or within a housing.
U.S. Patent 7,218,830 shows a flat panel light guide containing several light-guide
members and at least one point light source, such as an LED or array of LEDs.
U.S. Patent 5,204,224 relates to a method which includes exposing a photoresist
on a water to light from an optical fiber light guide, subjecting the photoresist to a
second exposure, and developing the photoresist to remove non-exposed areas.
No LED or LED arrays are mentioned in this reference. U.S. Patent 7,134,768
relates to an LED lamp with light guide, for use in vehicle lamps, traffic signal
lamps, video games, and other lighting applications. The structure includes a
plurality of LEDs whose light is collimated via a light guide, and inwardly
reflected via multiple reflective surfaces within a housing. U.S. Patent 7,194,185
relates to electronic devices having a colored light guide protruding through a
cover. The light guide is illuminated by two LEDs below the cover. The two
LEDs are 1n contact with a second light guide, below the cover, which is capable
ot blending the light colors from the two LEDs. U.S. Patent 6,880,954 shows a
method and apparatus for curing photosensitive materials using LEDs and an
optical concentrator to generate high optical power intensities. This reference
uses both collimated light LEDs and an optical element between the LEDs and an
optical fiber. It has been determined that a problem with these aperture

arrangements 1s non-uniformity of light intensity.
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The introduction of UV/violet light emitting diodes (LEDs) has created new
alternatives for curing some UV/violet sensitive materials. LED technology offers
several advantages over the traditional mercury-arc technology. Typical LEDs last
between 50,000 to 100,000 hours, providing a significant lifespan improvement
over mercury-arc technologies. UV/violet LEDs also do not emit significant
amounts of IR radiation, so heat-rejecting IR filtration is not required. As an
added benetit, the reduced heat generation allows the use of economical

UV/violet transmitting polymers for optics.

LED sources can also be turned on and off as required because LEDs do not
require the warm-up and cool-down periods common in mercury-arc lamp
systems. Some LED curing systems may implement driver circuits to control the
current supplied to the LEDs. These circuits typically use a closed-loop system to
monitor and control the output power of the LEDs, by controlling the drive
current, to provide a stable and reliable UV/violet source. These circuits may also
define different curing cycles for different photosensitive matenals, such as

emitting a specific output power for a specific length of time.

Unfortunately, conventional LED sources and LED systems have relatively low
output power compared to traditional mercury-arc lamps. While the lower output
power LED photocuring systems have proven to be sufficient for some dental
applications, many commercial and industrial UV/violet sensitive materials
require higher output powers to quickly cure the materials in a fast production

environment.

The present invention provides an improved light guide exposure device having

improved uniformity and amount of light intensity. A single light emitting diode
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array 1s positioned directly adjacent to a proximal end of a flexible light guide in
substantial alignment with the light guide proximal end to direct substantially all
of the light from the array to the proximal end. There are no optical elements
between the light emitting diodes and the proximal end which would decrease the

intensity of light directed from the light emitting diodes to the proximal end.

SUMMARY OF THE INVENTION

The invention provides a light guide exposure device comprising a plurality of
light emitting diodes arranged in a single array defining an array width; a flexible
light guide having a proximal end and a distal end; said proximal end defining a
proximal end diameter; said array being positioned in substantial alignment with
the light guide proximal end to direct substantially all of the light from the array
to the proximal end, in the absence of any optical element between the light
emitting diodes and the proximal end which optical element would decrease the
intensity of light directed from the light emitting diodes to the proximal end; the

array width being substantially equal to the proximal end diameter.

The 1invention also provides a method for exposing a light sensitive composition
comprising:

1) providing a light guide exposure device comprising a plurality of light emitting
diodes arranged in a single array defining an array width; a flexible light guide
having a proximal end and a distal end; said proximal end defining a proximal end
diameter; said array being positioned in substantial alignment with the proximal
end to direct substantially all of the light from the array to the proximal end, in the
absence of any optical element between the light emitting diodes and the proximal

end which optical element would decrease the intensity of light directed from the
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light emitting diodes to the proximal end; the array width being substantially
equal to the proximal end diameter;

11) generating light with the light emitting diodes;

i11) directing light from the light emitting diodes to the proximal end; and
thereafter

1v) directing light from the distal end to the light sensitive composition.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded view of a portion of a light guide exposure device according

to the 1nvention.

FIG. 2 shows one embodiment of a flexible light guide which forms a part of the

invention.

FIG. 3 shows one embodiment of a flexible light guide having a threaded end.

FIG. 4 shows a housing with four light guide exposure devices.

DESCRIPTION OF THE INVENTION

Figures 1 and 2 show one embodiment of the invention. Fig. 1 shows an LED
array 2 mounted on a metal clad board support 4. Support 4 is preferably
mounted within a window area 6 of frame 8 by any convenient fasteners such

screws. The LEDs may be powered by a power supply 10 via a power cable 11 to

a power connector 44 for the array 2 . In one embodiment, the power supply to
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the LEDs 1s adjustable, continuously, stepped, or pulsed and provided with a
power ramp-up or ramp-down for better controlling the light output for better
surtace control. This may be a 100 to 240 volt AC, or battery power supply
providing approximately 10-100 watts of power at from about 5 to about 24 volts.

A battery powered unit would allow the device to be portable.

The power supply may have a timer or on/off switch such as a foot switch, or the
like. In one embodiment, the diode array 2 is provided with a heat sink 12
positioned at the back side of the diode array 2 which aids in dissipating any heat
generated by the LEDs. The diode array 2 may optionally be provided with a

cooling fan with air filter or a liquid cooling circulator, not shown.

The light emitting diodes emit substantially non-collimated light at a maximum
peak wavelength in the range of from about 360 nm to about 460 nm, preferably
from about 390 nm to about 420 nm. The LEDs may have different maximum
wavelengths within this range. The light emitting diodes emit light at a light
intensity at their output surface of from about 1 watt/cm? to about 20 watts/cm?,
preferably from about 2 watts /cm? to about 10 watts/cm>. The LEDs may be
driven together, in groups, or individually. In the usual case, the array comprises
a matrix ot from about 4 to about 625 light emitting diodes in a planar
arrangement. 'This array may have from about 2 to about 25 light emitting diodes
in a square arrangement such as from a 2 x 2 array to a 25 x 25 array, or any
number in between. The array may be square, rectangular, circular, or other

geometric arrangement. The array may be planar, concave, or convex.

The array 2 is positioned to provide substantially all of the LED light into a
flexible light guide 20, such as that shown as 20 in Fig. 2. The flexible light guide

20 has a proximal end 14 and a distal end 16 which are shown in partial cut-away
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views 1n Fig. 2 and Fig. 3. The inside of the proximal end 14 defines a proximal
end diameter 18. The array 2 has an array width 21. The array width 21 i1s
substantially equal to the proximal end diameter 18. Within the context of this
invention, substantially equal width means that the ratio of proximal end diameter
18 to array width 21 has a ratio of from about 0.4 to about 1.6. The array 2 1s
positioned in substantial alignment with the light guide proximal end 14 to direct
substantially all of the light from the array 2 to the proximal end 14. Preferably
the array width 21 and the light guide proximal end diameter 18 are from about
0.4 mm to about 12 mm. In a most preferred embodiment of the invention, there
are no optical elements between the light emitting diode array 2 and the proximal
end 14 which would decrease the intensity of light directed from the light emitting
diodes to the proximal end 14 of the flexible light guide 20. Examples of optical
elements which are absent between the light emitting diodes and the proximal end
non-exclusively include lenses, condensers, shutter, light absorbing filters,

apertures, attenuation wheels, or other optics.

The flexible light guide 20 and the array 2 are connected by a holder 24. Holder
24 has a bore 22 completely through its center for receiving the proximal barrel
26 of the flexible light guide 20. The holder 24 is then fixedly connected to the

frame 8 which is connected to the support 4 such that array 2 is in alignment with
bore 22 such that light from the LEDs of array 2 pass through the bore 22 and

enter the proximal end 14 of flexible light guide 20. Alternatively, the holder 24
may be directly connected to support 4. The holder 24 may optionally be provided
with cooling fins 25 to further cool down holder 24 from the radiant heat
generated by the LEDs and prevent unwanted heat from entering the proximal end
of the light guide 20 when it is within the bore. The heat sink 12 and cooling fins
25 preferably maintain the temperature at the array 2 in the operating range of

from about 50 °C to about 100 °C. A temperature sensor may be electrically
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attached to board support 4 at connector 40. Holder 24 may have any convenient
configuration which is consistent with an overall housing 80 which contains the
component parts of the light guide exposure device. This arrangement allows

easy cleaning or replacement of the light guide.

In addition, the light guide exposure device may have a light sensor 46 which is
located to capture stray light within the window area 6 of frame 8. The sensor
minimally interferes with the light output from the LED array. The electrical
signal from this sensor is used to indicate the relative intensity of the light emitted
by the LED array. This signal can be used to regulate the power to the LED array

to maintain a desired light output.

The light guide exposure device further has an arrangement for adjustably
controlling the light intensity at the light guide distal end by adjustably fixing a
distance between the array 2 and the light guide proximal end 14. The intensity of
light transmitted from the LED array 2 and the proximal end 14 of the flexible
light guide 20 is controlled by adjusting the distance between the LED array 2 and
the proximal end 14 of the flexible light guide 20 within bore 22. As seen in Fig.
2, the flexible light guide 20 has an end member 26 having a length terminating at
the proximal end 14. The end member 26 may be smooth and shaped so that the
proximal end 14 of the flexible light guide 20 butts against a stop within the
holder 24 and does not touch or damage the LED array 2. Proximal support 38 is
positioned such as by partially sliding into and being held within bore 22 such that
the distance between proximal end 14 and array 2 is adjustably fixed within bore
22. Proximal support 38 leads to a length of flexible tubing 36 of the flexible
light guide 20. In one embodiment, proximal support 38 is retained within bore
22 via a set screw 28. In another embodiment as shown in Fig. 3, proximal

support 38 may be provided with threads 32 on its outside diameter for mating
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with mating threads on the inside of bore 22. The length of flexible tubing 36
may be optionally provided with a spring support 35 to prevent the flexible tubing
36 from developing kinks. The light guide exposure device may be provided with
a mechanical or electrical means such as an sensor 30 within holder 24, which
gauges the separation distance between the array 2 and the light guide proximal
end 14. As seen in the embodiment of Fig. 3, adjacent to the threads are lines 34
around the light guide. These lines 34 display the separation distance between
proximal end 14 and array 2. As the light guide is screwed out, more lines are
revealed outside the holder 24. Light guide 20 may optionally be provided with a
notch 37 tor cooperating with a spring loaded plunger 42 to assist in securing

proximal end 14 within bore 22.

The scale can be in distance (mm) or in corresponding calculated percentage loss
of light output. In one embodiment, the array 2 and the light guide proximal end
14 are separated by from about 0.1 mm to about 60 mm. In another embodiment,
the array and the light guide proximal end are separated by from about 0.5 mm to
about 5 mm. The light guide 20 preferably has a core diameter of from about 0.4
mm to about 12 mm and a length of from about 0.1 meter to about 10 meters. The
light output at the distal end 16 usually ranges from about 0.1 watts/cm” to about
10 watts/cm”, preferably from about 1 watts/cm? to about 5 watts/cm”. The
temperature at the distal end is approximately room temperature. The distal end
may be furcated. The distal end may optionally be provided with a focusing lens,
a filter such as a neutral density filter, a diffuser, a protector, a polarizer, a
disposable window, or the like. The light guide may contain a liquid, a single
optical fiber or a bundle of optical fibers. Commercially available optical fibers

with as few as 50 fibers per bundle or as many as 62,000 fibers per bundle are

suitable.

10
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Typically, the light guide exposure device may be mounted on or in an overall
housing 80 as seen in Fig. 4 to form a light exposure apparatus, which contains
component parts of the light guide exposure device with the distal end outside the
housing. The light guide exposure device may optionally be provided with
optional components such as input/output communication, safety features, display
teatures, or a light guide simulator. Communication may be, for example via a
standard RS232 serial binary data signals connector. Safety features may include
indicators, for example a light guide engaged indicator, a housing closed
indicator, or a maximum allowed temperature indicator. Display features include
a power on/oftf indicator, an LED lifetime indicator, a proximal light output
indicator, a separation distance indicator, an exposure program indicator, or a

temperature indicator.

The housing may comprise a plurality of light guide exposure devices, i.e., several
LED arrays and light guides. For example, Fig. 4 demonstrates housing 80 with
four light guide exposure devices. The distal ends of the holders 61, 62, 63, and
64, which correspond to holder 24 from Fig. 1, can be seen outside the housing.
The light guides 71, 72, 73, and 74, which correspond to light guide 20 from Fig.
2, are respectively connected to the holders 61, 62, 63, and 64. The distal ends of
the light gwides 71, 72, 73, and 74 may be pointed at one object or at different
objects. The four LED arrays (not shown) inside the housing 80 are respectively
positioned in substantial alignment with the light guide proximal ends, in the
absence of any optical element between the light emitting diodes and the proximal
end. The arrays may have the same maximum peak wavelength or different ones.
The arrays may be turned on and off simultaneously or independently. The light
intensity at the distal end of the light guides 71, 72, 73, 74 may be the same or
different.

i1
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In use, the above described light guide exposure device and a photosensitive
composition are provided. UV/violet light 1s directed onto the photosensitive
composition from the LED array 2 and through light guide 20, for a sutficient
time, and at a sufficient light intensity to cause a change of a condition of the
photosensitive composition. In one embodiment, the photosensitive composition
1s disposed on a substrate. The photosensitive composition 1s suitably a light
hardenable adhesive composition, coating composition, encapsulant composition,
masking composition, or sealant composition, as are well known in the art. The
photosensitive composition non-exclusively includes a polymerizable or
crosslinkable material comprising an acrylate, a methacrylate, a cyanoacrylate, an
epoxy, or combinations thereof. These may be reactive to ultraviolet light or
violet light or both. An operator uses the light guide exposure device by placing a
photosensitive composition (not shown) in an unhardened form on a selected
location or substrate (not shown). The distal end 16 of the flexible light guide 20
1s pointed toward the photosensitive composition and the LEDs are activated.
The LEDs remain activated for a predetermined amount of time during which
time the photosensitive material is exposed to the UV/violet light to cause the

photosensitive material to undergo a desired physical change.

While the present invention has been particularly shown and described with
reference to preferred embodiments, it will be readily appreciated by those of
ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.

12
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What is claimed is:

1. A light guide exposure device comprising a plurality of light emitting diodes
arranged in a single array defining an array width; a flexible light guide having a
proximal end and a distal end; said proximal end defining a proximal end
diameter; said array being positioned in substantial alignment with the light guide
proximal end to direct substantially all of the light from the array to the proximal
end, in the absence of any optical element between the light emitting diodes and
the proximal end which optical element would decrease the intensity of light
directed from the light emitting diodes to the proximal end; the array width being

substantially equal to the proximal end diameter.

2. The light guide exposure device of claim 1 wherein said light guide proximal
end is positioned in substantial alignment with the array by a holder for the light

guide proximal end.

3. The light guide exposure device of claim 1 wherein the light emitting diodes
emit substantially non-collimated light at a maximum peak wavelength in the

range of from about 360 nm to about 460 nm.

4. The light guide exposure device of claim 1 wherein the light emitting diodes
emit substantially non-collimated light at a maximum peak wavelength 1n the

range of from about 390 nm to about 420 nm.
5. The light guide exposure device of claim 1 wherein the light emitting diodes

emit substantially non-collimated light at a light intensity at the light guide

proximal end of from about 1 watt/ cm” to about 20 watts/cm”.

13
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6. The light guide exposure device of claim 1 wherein the light emitting diodes
emit substantially non-collimated light at a light intensity at the light guide

proximal end of from about 2 watts /cm? to about 10 watts/ cm’.

7. The light guide exposure device of claim 1 wherein the light emitting diodes
emit substantially non-collimated light at a maximum peak wavelength in the
range of from about 360 to about 460 nm, and at a light intensity at the light guide

proximal end of from about 1 watt /cm? to about 20 watts/cm”.

8. The light guide exposure device of claim 1 wherein the light intensity at the
light guide distal end ranges from about 0.1 watt /cm” to about 10 watts/ cm”.

9. The light guide exposure device of claim 1 wherein the light intensity at the

light guide distal end ranges from about 1 watts/cm” to about 5 watts/cm®.

10. The light guide exposure device of claim 1 wherein the array width and the

light guide proximal end diameter are from about 1 mm to about 12 mm.

11. The light guide exposure device of claim 1 wherein the array and the light

guide proximal end are separated by from about 0.1 mm to about 60 mm.

12. The light guide exposure device of claim 1 wherein the array and the light

guide proximal end are separated by from about 0.5 mm to about 5 mm.

13. The light guide exposure device of claim 1 further comprising an arrangement
for adjustably controlling the light intensity at the light guide distal end by
adjustably fixing a distance between the array and the light guide proximal end.

14
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14. The light guide exposure device of claim 13 wherein the arrangement
comprises a threaded light guide proximal end and a mating threaded holder

attached in front of the array.

15. The light guide exposure device of claim 1 further comprising a heat sink in

juxtaposition with the array opposite to said light guide proximal end.

16. The light guide exposure device of claim 2 wherein the holder further

comprises cooling fins.

17. The light guide exposure device of claim 1 wherein the array comprises a
matrix of from about 4 to about 625 light emitting diodes in a planar square or

circular arrangement.

18. The light guide exposure device of claim 1 wherein the light emitting diodes

are powered by an adjustable power supply.

19. The light guide exposure device of claim 1 further comprising a light sensor
for monitoring the light intensity of the light emitting diodes.

20. The light guide exposure device of claim 3 wherein the light emitting diodes

emit substantially non-collimated light at more than one peak wavelength.

21. A hght exposure apparatus comprising the light guide exposure device of

claim 1 and further comprising a housing containing the array.

22. The light exposure apparatus of claim 21 further comprising one or more

additional light guide exposure devices each having its array within the housing.

15
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23. A method for exposing a light sensitive composition comprising:

1) providing a light guide exposure device comprising a plurality of light emitting
diodes arranged in a single array defining an array width; a flexible light guide
having a proximal end and a distal end; said proximal end defining a proximal end
diameter; said array being positioned in substantial alignment with the proximal
end to direct substantially all of the light from the array to the proximal end, in the
absence of any optical element between the light emitting diodes and the proximal
end which optical element would decrease the intensity of light directed from the
light emitting diodes to the proximal end; the array width being substantially
equal to the proximal end diameter;

1) generating light with the light emitting diodes;

111) directing light from the light emitting diodes to the proximal end; and
thereafter

1v) directing light from the distal end to the light sensitive composition.

24. The method of claim 23 wherein the light sensitive composition comprises a
light hardenable adhesive composition, coating composition, encapsulant

composition, masking composition, or sealant composition.

25. The method of claim 23 wherein the light sensitive composition comprises a
polymerizable or crosslinkable material comprising an acrylate, a methacrylate, a

cyanoacrylate, an epoxy, or combinations thereof.

16
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