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TITLE OF THE INVENTION

[0001 ] REPLACEMENT LIGHT ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] None.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0003] Not applicable.

REFERENCE TO A "SEQUENCE LISTING"

[0004] Not applicable.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0005] This disclosure generally relates to the field of illumination,
and more particularly, to a replacement light assembly for hand-held
medical diagnostic instruments, such as those used in physicians' offices,

healthcare facilities, or other medical environments.

DESCRIPTION OF RELATED ART

[0006] Many hand-held medical diagnostic instruments such as

otoscopes, ophthalmoscopes, and the like utilize miniature incandescent
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lamps, such as halogen or xenon lamps, as illumination sources. These
lamps typically include a miniature filament, and are housed within the
handle or the head of the instrument. The instruments may utilize one or
more fiber optic bundles, lenses, mirrors, and/or other optical components
to transmit light and/or other radiation from the lamp to an opening of the
diagnostic instrument, thereby illuminating a medical target, such as a

portion of the patient's anatomy, for examination.

[0007] Recently, however, there has been considerable interest in the
field of light emitting diodes ("LEDs") as a potential substitute for such
incandescent lamps. Such LEDs typically provide better illumination
capabilities than the incandescent lamps discussed above, and are
therefore desired for use in avariety of medical applications and other
applications. Such LEDs also typically exhibit longer life, greater resistance
to shock and/or impact, cooler operating temperatures, and other more
desirable operating characteristics than miniature incandescent lamps.
Moreover, some LEDs, such as color LEDs, may provide additional benefits
over incandescent lamps such as spectral tuning, spectrally-specific

illumination, and the like.

[0008] Accordingly, it may be desirable to replace the incandescent
bulbs utilized in an existing hand-held diagnostic instrument with LEDs as
illumination sources. There are, however, a number of significant optical,

mechanical, thermal, and/or other differences between LEDs and
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incandescent lamps which must be considered when replacing such lamps
with LEDs in known medical diagnostic instruments. For example,
incandescent lamps are typically larger than LEDs, and emit light and other
radiation having different optical characteristics than light emitted by LEDs.
Thus, there is a need to develop a replacement light assembly which can be
mechanically, optically, and electrically incorporated into, for example,
existing hand-held medical diagnostic instruments without making
mechanical, optical, and/or other modifications to these diagnostic

instruments.

[0009] Embodiments of the present disclosure satisfy the needs noted

above.

BRIEF SUMMARY OF THE INVENTION

[001 0] In an exemplary embodiment of the present disclosure, a light
assembly for a hand-held medical diagnostic instrument includes a
substrate having atop surface and a bottom surface, a light source
mounted to the top surface, and the bottom surface having first and
second electrical terminals. The assembly also includes a circuit board
disposed inclined to the substrate, the circuit board having first and
second electrical terminals, a first connector mounting and electrically
connecting the first electrical terminal of the substrate to the first electrical
terminal of the circuit board, and a second connector mounting and

electrically connecting the second electrical terminal of the substrate to the
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second electrical terminal of the circuit board. The assembly further
includes a heat sink, and a conductor thermally connecting at least one of

the first and second electrical terminals of the substrate to the heat sink.

[001 1] In such an exemplary embodiment, the thermal conductor
thermally connects the at least one electrical terminal to the heat sink via
one of the first and second connectors, the thermal conductor includes an
electrically insulative material, and the thermal conductor includes an
epoxy substantially overlaying the circuit board and the first and second
connectors. In another exemplary embodiment, the thermal conductor
thermally connects the circuit board to the heat sink, and the heat sink
includes athermally conductive housing extending about the circuit board.
The housing defines a chamber, and the thermal conductor substantially
fills the chamber around the circuit board. In another exemplary
embodiment, the heat sink includes a housing defining a longitudinal axis
and a shoulder substantially perpendicular to the longitudinal axis. In such
an exemplary embodiment, the assembly further includes a lens overlaying
the light source, the lens contacting the shoulder and directing radiation
from the light source to atarget. The lens is fixed relative to the light
source such that contact between the shoulder and the lens disposes the

light source at a desired position along the longitudinal axis.

[001 2] In another exemplary embodiment, the heat sink includes a

housing defining a longitudinal axis and a keyway extending substantially
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parallel to the longitudinal axis. In such an exemplary embodiment, a lens
is fixed relative to the light source and defines a key disposed within the
keyway. The key fixes the light source at a desired radial position about
the longitudinal axis. In addition, the housing includes a cylindrical outer
wall, and a pin disposed on the outer wall coplanar with the longitudinal
axis and the keyway. In such an exemplary embodiment, the pin is formed

by the outer wall.

[001 3] In another exemplary embodiment, the assembly further
includes a lens fixed relative to the light source. The lens includes a
concave surface receiving a radiation from the light source and one of a
planar and a convex surface directing the received radiation toward a
target. In such an exemplary embodiment, the planar surface is disposed

at an angle relative to the substrate.

[001 4] In still another exemplary embodiment, the assembly further
includes a lens fixed relative to the light source. The lens includes a planar
surface receiving radiation from the light source, and one of a planar
surface and a convex surface directing the received radiation toward the
target. In such an exemplary embodiment, the planar surface is disposed
at an angle relative to the substrate. In still a further exemplary
embodiment, the assembly further includes a lens fixed relative to the light
source. The lens includes a saddle-shaped surface receiving radiation

from the light source and a planar surface directing the received radiation
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toward atarget. In such an exemplary embodiment, the planar surface is
disposed at an angle relative to the substrate. In still another exemplary
embodiment, the assembly further includes a lens defining a first surface
receiving radiation from the light source, a second surface directing the
received radiation toward a target, and a mounting surface fixed to the

substrate.

[001 5] In another exemplary embodiment of the present disclosure, a
method of manufacturing a light assembly for a hand-held medical
diagnostic instrument includes providing an LED mounted to a substrate,
the substrate having a pair of electrical terminals. The method further
includes mounting and electrically connecting the electrical terminals of the
substrate to corresponding electrical terminals of a circuit board of the
light assembly, and thermally connecting the electrical terminals of the

substrate to a heat sink of the light assembly.

[001 6] In such an exemplary embodiment, the method further
includes electrically insulating the electrical terminals of the substrate from
the heat sink. The method also includes overlaying the electrical terminals
of the substrate, the heat sink, and a portion of the circuit board with an
electrically insulative thermal conductor. Such an exemplary method also
includes connecting a lens to the substrate, a portion of the lens being
supported by the heat sink. In such an exemplary embodiment, the heat

sink includes a cylindrical housing having an open end, and the method
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also includes connecting an alignment pin to an outer wall of the housing
at a predetermined distance from the open end. The method also includes

mounting the substrate within the pinned housing.

[001 7] In still a further exemplary embodiment of the present
disclosure, a light assembly for a hand-held medical diagnostic instrument
includes athermally conductive cylindrical housing defining an open end, a
lens disposed proximate the open end, and an LED mounted to a substrate
and fixed relative to the lens, the substrate defining a pair of electrical
terminals. In such an exemplary embodiment, the light assembly also
includes a light assembly circuit board disposed within the housing, the
electrical terminal is mounted and electrically connected to the circuit
board. The light assembly further includes an electrically insulative

thermal conductor thermally connecting the electrical terminals to the

housing.

[001 8] In a further exemplary embodiment of the present disclosure,
a method of forming a lens for a hand-held medical diagnostic instrument
includes providing a mold body having afirst end, a second end, and a
cavity between the first and second ends, the cavity configured to receive a
flow of lens material. Such an exemplary method further includes
connecting a first insert to the first end such that an optical surface of the
first insert is fluidly connected to the cavity, the optical surface of the first

insert being one of planar and concave. The method also includes



WO 2012/003014 PCT/US2011/027630

connecting a second insert to the second end such that an optical surface
of the second insert is fluidly connected to the cavity, the optical surface of
the second insert being one of planar, concave, and saddle shape. The
method further includes filling the cavity with the flow of lens material to
form a lens, the optical surfaces of the first and second inserts forming

corresponding optical surfaces on the lens.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[001 9] Figure 1 is a partial side cross-sectional view of a head of an

exemplary hand-held medical diagnostic instrument.

[0020] Figure 2 is a partial side cross-sectional view of the instrument
of Figure 1.
[002 1] Figure 3 illustrates a lens mold and a plurality of inserts

according to an exemplary embodiment of the present disclosure.

[0022] Figure 4 is a cross-sectional view of a lens according to an

exemplary embodiment of the present disclosure.

[0023] Figure 5 is a cross-sectional view of a lens according to

another exemplary embodiment of the present disclosure.

[0024] Figure 6 is a cross-sectional view of a lens according to still

another exemplary embodiment of the present disclosure.
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[002 5] Figure 7 is a cross-sectional view of a lens according to a

further exemplary embodiment of the present disclosure.

[0026] Figure 8 is a cross-sectional view of a replacement light
assembly according to an exemplary embodiment of the present

disclosure.

[0027] Figure 9 is an enlarged view of a portion of the assembly

illustrated in Figure 8.

[0028] Figure 10 is another cross-sectional view of the assembly

shown in Figure 8.

[0029] Figure 11 is an enlarged view of a portion of the assembly

shown in Figure 10.

[0030] Figure 12 is an isometric view of a light source and a substrate

according to an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[003 1] Figures 1 and 2 illustrate a hand-held medical diagnostic
instrument 10 according to an exemplary embodiment of the present
disclosure. Embodiments of the present disclosure may be utilized with
any of avariety of hand-held medical diagnostic instruments such as, for

example, ophthalmoscopes, otoscopes, vaginascopes, and the like. For
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ease of description, however, an exemplary otoscope shall be described for

the duration of this disclosure unless otherwise noted.

[0032] As shown in Figures 1 and 2, the medical diagnostic

instrument 10 may include an instrument head 18 attached to the top of a
handle 14. The handle 14 and/or the instrument head 18 may be
substantially hollow, and the instrument head 18 may include a
frustoconical tip portion 40 onto which a disposable speculum (not shown)
may be fitted in a conventional manner. In an exemplary embodiment, the
speculum may be sized, shaped, and/or otherwise configured to fit a
predetermined distance into an ear canal of a patient so that, for example,
the tympanic membrane or other medical target may be examined. The tip
portion 40 may have an opening 42 at the distal end thereof, and an eye
piece 46 may be attached to the proximal end 48 of the instrument head
18 to assist in such examination. Accordingly, in an exemplary
embodiment, the eye piece 46 may form part of an optical path with the
opening 42 through the hollow instrument head 18 to permit viewing of a
medical target. While the tympanic membrane may be one such target, it is
understood that other exemplary medical diagnostic instruments 10 may
be utilized to view other like membranes or targets. Such exemplary
medical targets may include portions of the eye, nose, throat, and/or other

portions of the human anatomy.

10
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[0033] Exemplary medical diagnostic instruments 10 may employ, for
example, an incandescent lamp 22, such as, for example, a halogen or
xenon lamp. At least a portion of such an incandescent lamp 22 may be
mounted to, retained within, and/or otherwise associated with a housing
25 disposed within a base 27 or other portion of the instrument head 18.
The incandescent lamp 22 may be functionally, electrically, and/or
otherwise operably connected to a power supply within the medical
diagnostic instrument 10 or to an external power supply. For example, the
incandescent lamp 22 may be electrically connected to one or more
batteries 26 retained in a compartment of the instrument handle 14.
Alternatively, the instrument handle 14 and/or other portions of the
medical diagnostic instrument 10 may be electrically connected to a
conventional wall outlet or other similar power supply via an electrical cord
(not shown) or other like connection. It is also understood that the medical
diagnostic instrument 10 may employ one or more springs 33, pins 31,
controls 30, and/or other components to assist in maintaining an effective
electrical connection between the incandescent lamp 22 and the power
supplies discussed above. Such components may also assist in controlling,
for example, the current and/or voltage supplied to the incandescent lamp

22.

[0034] In an exemplary embodiment in which the medical diagnostic

instrument 10 comprises an otoscope, the instrument 10 may also include

11
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a bundle of optical fibers 38 extending from proximate the incandescent
lamp 22, through the base 27 of the instrument head 18, to a bundle of
light transmitting ends 36 or other optical means that are disposed at the
distal opening 42. The optical fibers 38 and the transmitting ends 36 may

be configured to illuminate the medical target during examination.

[0035] Alternatively, in an exemplary embodiment in which the
medical diagnostic instrument 10 comprises an ophthalmoscope, the
bundle of optical fibers 38 may be omitted. Instead, in such an exemplary
embodiment, the medical diagnostic instrument 10 may further comprise
one or more collimating lenses, reticles, positive lenses, negative lenses,
mirrors, and/or other optical or beam shaping components to direct
radiation emitted by the incandescent lamp 22. For example, an exemplary
ophthalmoscope may include a mirror that is offset from, for example, a
central or optical axis of the incandescent lamp 22. Such a mirror may be
configured to direct radiation emitted by the incandescent lamp 22 in the
direction of the medical target optically downstream of, for example, a
reticle of the ophthalmoscope. Such mirror positioning may be required
due to, for example, the configuration of the ophthalmoscope head 18. To
compensate for such off-axis or offset mirror positioning, the exemplary
ophthalmoscope may further employ one or more prisms, wedges, and/or

angled optical components optically downstream of the incandescent lamp

12
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22 to direct light and/or other radiation emitted by the incandescent lamp

22 in the direction of the offset mirror.

[0036] In still another exemplary embodiment in which the medical
diagnostic instrument 10 comprises an ophthalmoscope, the offset mirror
described above may, instead, be substantially aligned with, for example,
the central or optical axis of the incandescent lamp 22. In such an
exemplary embodiment, one or more of the optical components described
above for shifting and/or angling light emitted by the incandescent lamp

22 in the direction of the mirror may not be required.

[0037] Figures 8 through 11 illustrate an exemplary light assembly 8
of the present disclosure in which the incandescent lamp 22 has been
replaced by a different light source such as, for example, an LED. Such an
exemplary light source 12 is illustrated in greater detail in Figure 12, and
the light source 12 may comprise an LED, a low-intensity laser, and/or any
other light source known in the art. For ease of description, however, an
exemplary embodiment in which the light source 12 comprises an LED
shall be described for the duration of this disclosure unless otherwise

noted.

[0038] The incandescent lamp 22 discussed above can be replaced
with one or more LEDs to illuminate a medical target during examination.

Replacing an incandescent lamp 22 with an LED in this way may improve,

13
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for example, the durability, illumination, and/or other qualities of the
instrument 10, and thus may be desirable in modern hand-held medical
diagnostic instruments 10. In replacing an incandescent lamp 22 with an
LED, one or more lenses or other additional optical components may be
employed to shape the light emitted by the LED. Such components may
bend, shift, collimate, focus, and/or otherwise shape the radiation emitted
by the LED to substantially match the optical characteristics of the
incandescent lamp 22 such that the functionality of the medical diagnostic

instrument 10 may remain substantially unchanged.

[0039] In an exemplary embodiment, the light assembly 8 may
include a light source 12 mounted to a substrate 16, and a circuit board 44
disposed inclined to the substrate 16. The assembly 8 may also include
first and second connectors 54 mounting and electrically connecting the
circuit board 44 to the substrate 16. Such an exemplary light assembly 8
may further include one or more heat sinks, and a thermal conductor 56

thermally connecting at least one of the heat sinks to the substrate 16.

[0040] In an exemplary embodiment, the substrate 16 may be
constructed from plastics, polymers, and/or other typical circuit board
material, and may comprise a printed circuit board. For example, the
substrate 16 may include one or more electrical terminals embedded
therein and/or otherwise formed thereon. Exemplary electrical terminals

32, 34 may be positive and negative electrical terminals, respectively. Such

14
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electrical terminals 32, 34 may be electrically and/or otherwise operably
connected to one or more components disposed on the substrate 16. For
example, the electrical terminals 32, 34 may be configured to provide
and/or otherwise direct an electrical current and/or voltage from a power
source, such as the batteries 26 of the medical diagnostic instrument 10,
to the light source 12 mounted on the substrate 16. As shown in at least
Figures 9 and 11, the substrate 16 may have atop surface 20 and a bottom
surface 24. In an exemplary embodiment, the light source 12 may be
disposed on and/or otherwise mounted to the top surface 20, and the
bottom surface 24 may define and/or otherwise include the electrical

terminals 32, 34 discussed above.

[0041 ] As shown in greater detail in Figure 12, a cover 28 may be
mounted on and/or otherwise connected to the substrate 16. The cover 28
may be, for example, substantially transparent to permit light and/or other
radiation emitted by the light source 12 to pass through the cover 28 to a
lens 62 of the light assembly 8. The cover 28 may have any shape, size,
and/or other configuration known in the art. For example, the cover 28
may be substantially convex, and may act as a positive lens. In such an
exemplary embodiment, the cover 28 may assist in collecting and/or
otherwise focusing divergent light emitted by the light source 12.
Alternatively, the cover 28 may be substantially planar, thereby providing

substantially no added intensification of the emitted light. In still another

15
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exemplary embodiment, at least a portion of the cover 28 may be
substantially concave, and may act as a negative lens. In such an
embodiment, the concave portion of the cover 28 may act as a negative
lens and may assist in further diverging the light emitted by the light
source 12. The light emitted by the light source 12 may pass through an
air gap 29 between the cover 28 and the lens 62 before reaching the lens

62.

[0042] The lens 62 may have any shape, size, and/or other
configuration known in the art to assist in bending, shifting, angling,
shaping, focusing collimating, and/or diverging the light emitted by the
light source 12 optically upstream of the other optical components of the
medical diagnostic instrument 10. For example, the lens 62 may be
shaped, sized, and/or otherwise configured to modify the path,
orientation, intensity, and/or other optical characteristics of the light
emitted by the light source 12 to substantially match the corresponding
optical characteristics of the radiation emitted by an incandescent lamp 22
previously employed by the medical diagnostic instrument 10. Thus, the
combination of the lens 62 and light source 12 may be utilized as a direct
replacement for incandescent lamps 22 commonly used in otoscopes,
ophthalmoscopes, vaginascopes, and other known hand-held medical
diagnostic instruments 10. Due to the configurations of the light source

10 and the lens 62, these components may replace such incandescent

16
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lamps 22 without further modifications to, for example, the light assembly

8 or other hand-held medical diagnostic instrument components.

[0043] The lens 62 may be fixed relative to the light source 12 in
order to maintain the desired beam-shaping effect on the light emitted by
the light source 12. In an exemplary embodiment, the lens 62 may be
mounted on and/or otherwise connected to the substrate 16 by any known
means. For example, an adhesive 15 may be disposed between, for
example, one or more mounting surfaces 84 of the lens 62 and the top
surface 20 of the substrate 16. Alternatively, at least a portion of the lens
62 may be molded onto the substrate 16. In still a further exemplary
embodiment, the lens 62 may define one or more grooves, clips, slots,
notches, shoulders, and/or other known retention components to assist in

fixedly disposing the substrate 16 relative to the lens 62.

[0044] As shown in Figures 3-7, the lens 62 may have any number of
configurations in order to desirably shape a beam or other radiation
emitted by the light source 12. For example, the shape, size, and/or other
configurations of the lens 62 may be designed to desirably shape the light
emitted by the light source 12 to match one or more different filament
configurations of an incandescent lamp 22 previously utilized in known
hand-held medical diagnostic instruments 10. Such lenses 62 may be
formed by any known lens-formation process including, for example,

casting, molding, and/or other processes. For example, the lenses 62 of

17
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the present disclosure may be formed through a known blown or injection
molding process in which a universal mold 86 is utilized to form lenses 62
having a variety of different configurations. As shown in Figure 3, a
plurality of different inserts may be utilized in conjunction with the mold
86 to form lenses 62 having different configurations and, thus, different
optical characteristics. As indicted in Figure 3, any of Inserts A, B, C may
be inserted into afirst portion or end 83 of the mold 86 while any of
Inserts 1, 2, 3 may be inserted into a second portion or end 85 of the mold
86. In still further exemplary embodiments, the Inserts A, B, C, 1,2, 3 may
be interchangeable. In such embodiments, any of the Inserts may be
inserted into and used in the first end 83 and/or the second end 85 of the
mold 86. A cavity 87 of the mold 86 between the first and second ends 83,
85 may then be filled with a flow of lens material to form lenses 62 having
various characteristics. For example, optical surfaces 89 of the Inserts A,
B, C, 1, 2, 3 may form corresponding optical surfaces on the resulting
lenses 62. In an exemplary embodiment, the optical surfaces of the lenses
62 may be any of the concave surfaces 74, planar surfaces 76, 78, convex
surfaces 80, saddle-shaped surfaces 82, or other lens surfaces discussed

herein.

[0045] For example, in an embodiment in which the medical
diagnostic instrument 10 comprises an ophthalmoscope, magnification of

the light emitted by the light source 12 may not be required. In such an

18
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exemplary embodiment, a lens 62 having a substantially planar top optical
surface 76 and a substantially concave light-receiving optical surface 74
may be utilized. In order to form such a lens 62, Insert 2 may be inserted
into the second end 85 of the mold 86 and Insert A may be inserted into
the first end 83 of the mold 86. A lens 62 formed using Inserts 2A is

illustrated in Figure 6.

[0046] In another exemplary ophthalmoscope embodiment, Insert 2
may be replaced with Insert 1 in the second end 85 of the mold 86 to form
a lens 62 having a substantially planar light-receiving optical surface 78.
Such an exemplary lens 62 is shown in Figure 7. The planar optical surface
78 may provide substantially no magnification to the light emitted by the
light source 12, while the concave light-receiving optical surface 74 may
cause further diffraction of such light. Accordingly, the concave surface 74
may act as a negative lens reducing the power and/or intensity of the light

produced by the light source 12.

[0047] In additional exemplary ophthalmoscope embodiments, there
may be a need to skew and/or otherwise direct light emitted by the light
source 12 at an angle relative to, for example, an optical axis 90 (Figures 9
and 11) of the light source 12. In such exemplary embodiments, the
ophthalmoscope may employ one or more mirrors, lenses, and/or other
optical components to receive such skewed and/or angled light, and

redirect such light toward the medical target. In order to angle or skew the

19
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light emitted by the light source 12, the planar optical surface 76 of the
lens 62 may be formed of any desirable angle relative to, for example, the
horizontal or to one or more mounting surfaces 84 defined by the lens 62.
Such an exemplary lens 62 is shown in Figure 5, whereby the planar optical
surface 76 is inclined relative to the mounting surface 84. The lens 62
illustrated in Figure 5 may correspond to a lens formed using Insert 2
disposed in the second end 85 of the mold 86, and the Insert Bdisposed in
the first end 83 of the mold 86 (Figure 3). In further exemplary
embodiments, either of Inserts 1 or 3 may be substituted for Insert 2 in the
second end 85 of the mold 86 to form a lens 62 capable of angling or
skewing emitted by the light source 12. It is understood that utilizing
Insert 1 may have substantially no magnification effect on the light
received thereby, while light received by a substantially saddle-shaped
optical surface 82 formed by the Insert 3 may be spread, stretched, and/or
otherwise dispersed in any desired direction depending on the optical

requirements of the ophthalmoscope.

[0048] Alternatively, in an exemplary embodiment in which the
medical diagnostic instrument 10 comprises an otoscope, as in Figures 1
and 2, the lens 62 may be sized, shaped, and/or otherwise configured to
direct light emitted by the light source 12 onto optical fibers 38. In an
exemplary embodiment, the lens 62 may be configured to focus the light

emitted by the light source 12 onto the fibers 38, thereby increasing the

20
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intensity and/or power of the light. In such an exemplary embodiment, the
Insert 1 may be inserted into the second end 85 of the mold 86 and the
Insert C may be inserted into the first end 83 of the mold 86. A lens 62
formed using such inserts is shown in Figure 4. As shown in Figure 4, such
a configuration may form a lens 62 having a substantially planar optical
surface 78 configured to receive the light emitted by the light source 12,
and a convex optical surface 80 configured to focus the light passing

therethrough.

[0049] One of ordinary skill in the art will appreciate that employing a
universal mold 86 and a variety of easily removable, insertable, and
interchangeable Inserts 1, 2, 3, A, B, C may assist in streamlining the lens
formation process. In particular, using a universal mold 86 and Inserts 1,
2, 3,A, B, C may reduce the amount of time required for lens formation

and may require far less tooling than known injection or blown molding
processes, thereby reducing the expense involved in forming lenses 62 of

the type described herein.

[0050] As shown in Figures 8 through 11, the lens 62 may be
mounted on and/or otherwise supported by a shoulder 64 defined by the
housing 25. In an exemplary embodiment, the shoulder 64 may be etched,
milled, and/or otherwise formed in a sidewall or inner wall of the housing
25. The shoulder 64 may be formed at a distance d from a distal end 88 of

the housing 25 so as to dispose the lens 62 and/or the light source 12
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connected to the lens 62 at a desired position relative to the housing 25.
For example, the size, shape, depth, position, and/or other configurations
of the shoulder 64 may assist in positioning the lens 62 and/or the light
source 12 at a desired position along a longitudinal axis 60 of the housing
25. Such positioning of, for example, the light source 12 may streamline
the assembly process of the light assembly 8 and may also assist in
standardizing the optical characteristics of the assembled light assembly 8
in a process in which the light assemblies 8 are mass-produced. For
example, in exemplary embodiments in which the instrument 10 comprises
an ophthalmoscope, the shoulder 64 may assist in disposing the light
source 12 at a desired distance d from the distal end 88, thereby enabling
the lens 62 to accurately and repeatably focus light emitted by the light
source 12 onto, for example, collimating lenses, reticles, positive lenses,
mirrors, and/or other optical components at a fixed position optically
downstream of the light source 12 within the instrument 10. In such an
exemplary embodiment, disposing, for example, the light source 12 and/or
the lens 62 accurately along the longitudinal axis 60 may be required for

optimal performance of the instrument 10.

[005 1] To further assist in positioning and/or aligning the lens 62
and/or the light source 12 relative to the housing 25, the housing 25 may
also define one or more keyways 66 proximate the distal end 88. The

keyway 66 may be formed within a sidewall and/or inner wall of the
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housing 25 through any of the processes discussed above with regard to
the shoulder 64. In an exemplary embodiment, the keyway 66 may be a
channel extending substantially parallel to the longitudinal axis 60 of the
housing 25, and the keyway 66 may be configured to mate with and/or

otherwise accept a corresponding key 68 of the lens 62. In an exemplary
embodiment, the key 68 may be inserted into the keyway 66 for radial

alignment of the lens 62 and/or the light source 12 about the longitudinal

axis 60 of the housing 25.

[0052] Such radial alignment of the light source 12 and/or lens 62
clockwise or counter-clockwise about the axis 60 may be useful in
exemplary embodiments in which the instrument 10 comprises an
ophthalmoscope or other instrument comprising optical components
configured to accept stretched, flattened, shifted, angled, and/or otherwise
modified beams of light from the light source 12. Such optical
components may be configured to receive modified light beams from
various filaments employed by incandescent lamps 22. Accordingly,
aligning the lens 62 and/or light source 12 utilizing, for example, the
keyway 66 and key 68 arrangement described above may assist in easily
replacing such lamps 22 while satisfying the optical requirements of the

particular instrument 10.

[0053] To further assist in desirably aligning the light source 12, lens

62, and/or housing 25, the housing 25 may be equipped with one or more
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pins 72 disposed on an outer wall 70 of the housing 25. In an exemplary
embodiment, the pin 72 may be made from substantially the same material
as the housing 25, and the pin 72 may be spot welded, press fit, adhered,
and/or otherwise connected to the housing 25. Alternatively, the pin 72
may be milled and/or otherwise machined from the outer wall 70 of the
housing 25 such that the housing 25 and the pin 72 are formed from the
same piece of material. The pin 72 may be disposed at a distance D from
the distal end 88 of the housing 25 in order to assist in positioning the
light assembly 8 at a desired depth or location within the base 27 of the
instrument 10. For example, the base 27 may define one or more channels
(not shown) configured to accept the pin 72, and such channels may be
configured to position the light assembly 8 at a desired depth or
longitudinal location within the base 27. Such a longitudinal location may
dispose, for example, the light source 12 a desired depth or longitudinal
distance away from one or more optical components of the instrument 10.
In addition, the pin 72 may be aligned with the keyway 66, key 68, and/or
the light source 12. In an exemplary embodiment, the pin 72 may be
disposed on the outer wall 70 coplanar with the longitudinal axis 60 of the
housing 25 and the keyway 66. Aligning the pin 72 in this way may assist
in radially aligning, for example, the light source 12, lens 62, and/or
housing 25 relative to the base 27 and/or to the downstream optical
components of the instrument 10. As described above, such radial

alignment may assist in satisfying the optical requirements of such optical
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components, and may facilitate easy replacement of an incandescent lamp

22 with the light assembly 8 of the present disclosure.

[0054] In addition, the location and/or other configurations of the
keyway 66 may enable the pin 72 to be connected to and/or formed on the
housing 25 prior to mounting, for example, the lens 62 and/or the light
source 12 within the housing 25. Disposing the pin 72 at a distance D
from the distal end 88, and coplanar with the axis 60 and the keyway 66
may eliminate the need for optical alignment of the light source 12 and/or
lens 62 relative to the housing 25, and may also eliminate the need for
separate pinning of the housing 25 after such optical alignment is
completed. Eliminating these steps may simplify assembly, and reduce the

cost and time required for manufacturing the light assembly 8.

[005 5] As shown in Figures 8 through 11, the light assembly 8 may
further include a circuit board 44 defining one or more terminals 50, 52.
In an exemplary embodiment, the circuit board 44 may be a conventional
printed circuit board including one or more drive, voltage control, current
control, and/or other control components of the light assembly 8. The
circuit board 44 may be any shape, size, and/or other configuration to
permit convenient disposal and/or mounting within, for example, a
chamber 58 of the housing 25. For example, the circuit board 44 may be
substantially rectangular in shape, and may have a width less than a width

and/or diameter of the chamber 58. The circuit board 44 may also have a
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length less than a length of the chamber 58 to facilitate disposal of the

circuit board 44 within the chamber 58.

[0056] In an exemplary embodiment, the circuit board 44 may extend
substantially parallel to an optical axis 90 of the light source 12. The
optical axis 90 may be parallel to and/or collinear with the longitudinal

axis 60 of the housing 25. Alternatively, the optical axis 90 may be parallel
to and offset from the axis 60. Although Figure 9 illustrates the circuit
board 44 being disposed substantially parallel to the optical axis 90, in
additional exemplary embodiments, the circuit board 44 may be disposed
at any desired angle relative to the optical axis 90 to facilitate connecting
the circuit board 44 to the substrate 16 and/or mounting the circuit board

44 within the chamber 58.

[0057] The circuit board 44 may be mechanically and/or electrically
connected to the substrate 16 in any conventional way. For example, one
or more clips, pins, teeth, grooves, and/or other known connection devices
may be employed to facilitate a mechanical connection between the
substrate 16 and the circuit board 44. Likewise, one or more leads, wires,
solder beads, and/or other electrical connectors may be employed to form
one or more electrical connections between the substrate 16 and the circuit
board 44, and/or between components of the substrate 16 and respective
components of the circuit board 44. In an exemplary embodiment, at least

one of the connection devices discussed above may form both a
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mechanical connection and an electrical connection between the substrate
16 and the circuit board 44, and/or between respective components of the

substrate 16 and the circuit board 44.

[0058] For example, as illustrated in Figures 8 and 9, one or more
connectors 54 may be disposed between the substrate 16 and the circuit
board 44 to form both an electrical connection and a mechanical
connection therebetween. In an exemplary embodiment, the connectors
54 may comprise one or more beads of solder mounting and electrically
connecting at least a portion of the substrate 16 to a corresponding
portion of the circuit board 44. In an exemplary embodiment, the
connectors 54 may mount and electrically connect the first terminal 32 of
the substrate 16 to the first terminal 50 of the circuit board 44. In such an
exemplary embodiment, a second connector 54 may also mount and
electrically connect the second terminal 34 of the substrate 16 to the
second terminal 52 of the circuit board 44. In such an exemplary
embodiment, the connectors 54 may extend along at least a portion of the
width of the circuit board 44. Alternatively, the connectors 54 may be
disposed substantially locally, so as to form isolated areas of connection
between corresponding terminals of the substrate 15 and circuit board 44.
Accordingly, the size, location, and/or other configurations of the
connectors 54 may substantially correspond to the corresponding

configurations of the terminals 32, 34, 50, 52 described above.
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[0059] In addition to mounting and/or electrically connecting the
substrate 16 to the circuit board 44, the substrate 16 may also be
thermally connected to the circuit board 44. In an exemplary embodiment,
the electrical terminals 32, 34 of the substrate 16 may be thermally
connected to the corresponding electrical terminals 50, 52 of the circuit
board 44 during assembly, and such a thermal connection may be formed
by, for example, one or more of the connectors 54 discussed above. For
example, one or more of the connectors 54 may form an electrical,
mechanical, and thermal connection between the substrate 16 and the
circuit board 44 at the respective terminals thereof. Such a thermal
connection may be useful in removing and/or dissipating heat from

portions of the substrate 16 and/or portions of the circuit board 44.

[0060] For example, the connectors 54 may be employed to remove
heat from the terminals 32, 34 of the substrate 16 and/or the terminals 50,
52 of the circuit board 44 by thermally connecting the connectors 54 to
one or more active or passive cooling devices. Such cooling devices may
be disposed within, for example, the chamber 58. Alternatively, such

devices may be disposed external to the housing 25.

[0061 ] In still another exemplary embodiment, such cooling devices
may be incorporated into the circuit board 44, housing 25, and/or other
components of the light assembly 8 or the instrument 10. For example,

such cooling devices may comprise one or more heat sinks mounted to the
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circuit board 44, housing 25, base 27, handle 14, or other components of
the instrument 10. In still another exemplary embodiment, one or more
components of the instrument 10 or the light assembly 8 may comprise a
heat sink configured to draw and/or otherwise dissipate heat from the
substrate 16 and/or the circuit board 44. For example, the housing 25
may comprise one or more fins or other passive cooling devices configured
to assist in dissipating heat from the substrate 16 and/or the circuit board
44. In still a further exemplary embodiment, the housing 25 may comprise
a heat sink, and at least a portion of the housing 25 may be thermally
connected to at least one of the terminals 32, 34 of the substrate 16
and/or the terminals 50, 52 of the circuit board 44 to remove heat

therefrom.

[0062] In an exemplary embodiment, athermal connection may be
formed between the terminals 32, 34, 50, 52 and the housing 25 via one or
more of the connectors 54 discussed above. Such athermal connection
may be formed by any thermally conductive material or structure known in
the art disposed between the terminals 32, 34, 50, 52 and the housing 25.
For example, as shown in Figures 8 through 11, athermal conductor 56
may be disposed within the chamber 58 thermally connecting at least one
of the terminals 32, 34, 50, 52 to the housing 25 and/or any other heat
sink of the light assembly 8. Such athermal connection may be formed

between the terminals and the heat sink via at least one of the connectors
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54. The thermal conductor 56 may comprise an electrically insulative
material such that the thermal conductor 56 may come in contact with one
or more electrically conductive components of the light assembly 8 without
causing the light assembly 8 to short-circuit. In addition, an electrically
insulative thermal conductor 56 may be utilized to overlay portions of the
substrate 16, circuit board 44, and/or components thereof, without

causing damage to the light assembly 8.

[0063] In an exemplary embodiment, the thermal conductor 56 may
comprise a thermally conductive epoxy overlaying at least a portion of the
circuit board 44, as well as the connectors 54. Accordingly, the thermal
conductor 56 may thermally connect the circuit board 44, substrate 16,
terminals 32, 34, 50, 52, and/or connectors 54 to the housing 25 and/or

one or more of the heat sinks discussed above.

[0064] As shown in Figures 8 through 10, the thermal conductor 56
may substantially fill at least a portion of the chamber 58 around the circuit
board 44. In such an exemplary embodiment, the circuit board 44 and/or
the substrate 16 may be substantially submerged within the thermal
conductor 56. The thermal conductor 56 may remain substantially
gelatinous or may be configured to stiffen and/or harden, thereby assisting
in supporting the circuit board 44 and/or the substrate 16 within the
chamber 58. In an exemplary embodiment, the thermal conductor 56 may

adhere to, bond with, and/or otherwise remain substantially fixed to the
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housing 25, circuit board 44, and/or substrate 16 to assist in securing the
substrate 16 and/or the circuit board 44 relative to, for example, the

housing 25.

[0065] In an exemplary embodiment, the housing 25 may be
mechanically and/or thermally connected to the base 27 and/or the head
18. In addition, the base 27 and/or the head 18 may be mechanically
and/or thermally connected to the handle 14 of the instrument 10. In such
exemplary embodiments, each of these thermal connections may further
assist in drawing heat from and/or dissipating heat from, for example, the

terminals 32, 34, 50, 52.

[0066] In such an exemplary embodiment, each of the housing 25,
base 27, head 18, and handle 14 may act as a heat sink assisting in
passively cooling the terminals 32, 34, 50, 52. It is understood that by
cooling one or more of the terminals described above, one or more
components connected to the substrate 16 and/or the circuit board 44 may
also be cooled. For example, dissipating heat from the terminals 32, 34 of
the substrate 16 may assist in cooling the light source 12 disposed on the
substrate 16. In an exemplary embodiment in which the light source 12
comprises an LED, such cooling may be useful in maintaining a satisfactory
LED operating temperature. For example, embodiments of such LEDs may
have an optimal operating temperature above which the efficiency,

durability, and/or other operating characteristics of the LED may decrease
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to undesirable levels. Operating the LED above such temperatures may

also cause damage to the LED.

[0067] In an exemplary embodiment, the junction temperature (a
temperature measured at the junction between the LED and the substrate
16) may be monitored and/or regulated using one of the heat sinks or
other cooling devices discussed above. Exemplary LEDs of the present
disclosure may have a maximum junction temperature of approximately
85°C. In such an exemplary embodiment, the heat sinks, thermal
conductor 56, connectors 54, and/or other components of the present
disclosure may assist in maintaining the aforementioned junction
temperature below approximately 85°C by assisting in dissipating and/or
drawing heat from the terminals 32, 34 of the substrate 16. It is also
understood that additional passes and/or active cooling devices may be
utilized with light assemblies 8 of the present disclosure in order to
maintain and/or otherwise regulate the junction temperature or other

thermal operating requirements of the light sources 12 discussed herein.

[0068] The invention has been described in detail with particular
reference to a presently preferred embodiment, but it will be understood
that variations and modifications can be effected within the spirit and
scope of the invention. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restrictive. The scope

of the invention is indicated by the appended claims, and all changes that
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come within the meaning and range of equivalents thereof are intended to

be embraced therein.

33



WO 2012/003014

CLAIMS
1.

instrument,

PCT/US2011/027630

A light assembly for a hand-held medical diagnostic

comprising:

(@)

(b)

()

(d)

()

(f)

a substrate having a top surface and a bottom surface, a
light source mounted to the top surface, and the bottom

surface having first and second electrical terminals;

a circuit board disposed inclined to the substrate, the

circuit board having first and second electrical terminals;

a first connector mounting and electrically connecting the
first electrical terminal of the substrate to the first

electrical terminal of the circuit board;

a second connector mounting and electrically connecting
the second electrical terminal of the substrate to the

second electrical terminal of the circuit board;
a heat sink; and

a thermal conductor thermally connecting at least one of
the first and second electrical terminals of the substrate to

the heat sink.
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2. The assembly of Claim 1, the thermal conductor thermally
connecting the at least one electrical terminal to the heat sink via one of

the first and second connectors.

3. The assembly of Claim 1, wherein the thermal conductor

comprises an electrically insulative material.

4. The assembly of Claim 3, wherein the thermal conductor
comprises an epoxy substantially overlaying the circuit board and the first

and second connectors.

5. The assembly of Claim 1, the thermal conductor thermally

connecting the circuit board to the heat sink.

6. The assembly of Claim 1, wherein the heat sink comprises a

thermally conductive housing extending about the circuit board.

7. The assembly of Claim 6, wherein the housing defines a
chamber, the thermal conductor substantially filling the chamber around

the circuit board.

8. The assembly of Claim 1, the heat sink comprising a housing
defining a longitudinal axis and a shoulder substantially perpendicular to

the longitudinal axis.

9. The assembly of Claim 8, further including a lens overlaying
the light source, the lens contacting the shoulder and directing radiation

from the light source to a target.
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10. The assembly of Claim 9, wherein the lens is fixed relative to
the light source such that contact between the shoulder and the lens

disposes the light source at a desired position along the longitudinal axis.

11. The assembly of Claim 1, the heat sink comprising a housing
defining a longitudinal axis and a keyway extending substantially parallel

to the longitudinal axis.

12. The assembly of Claim 11, further including a lens fixed
relative to the light source and defining a key disposed within the keyway,
the key fixing the light source at a desired radial position about the

longitudinal axis.

13. The assembly of Claim 11, the housing including a cylindrical
outer wall, and a pin disposed on the outer wall coplanar with the

longitudinal axis and the keyway.

14. The assembly of Claim 13, wherein the pin is formed by the

outer wall.

15. The assembly of Claim 1, further including a lens fixed relative
to the light source, the lens comprising a concave surface receiving
radiation from the light source and one of a planar and a convex surface

directing the received radiation toward a target.

16. The assembly of Claim 15, wherein the planar surface is

disposed at an angle relative to the substrate.
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17. The assembly of Claim 1, further including a lens fixed relative
to the light source, the lens comprising a planar surface receiving radiation
from the light source, and one of a planar surface and a convex surface

directing the received radiation toward a target.

18. The assembly of Claim 17, wherein the planar surface is

disposed at an angle relative to the substrate.

19. The assembly of Claim 1, further including a lens fixed relative
to the light source, the lens comprising a saddle-shaped surface receiving
radiation from the light source and a planar surface directing the received
radiation toward atarget, the planar surface being disposed at an angle

relative to the substrate.

20. The assembly of Claim 1, further including a lens defining a
first surface receiving radiation from the light source, a second surface
directing the received radiation toward a target, and a mounting surface

fixed to the substrate.

21. A method of manufacturing a light assembly for a hand-held

medical diagnostic instrument, comprising:

(@) providing an LED mounted to a substrate, the substrate

having a pair of electrical terminals;
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(b) mounting and electrically connecting the electrical
terminals of the substrate to corresponding electrical

terminals of a circuit board of the light assembly; and

(c) thermally connecting the electrical terminals of the

substrate to a heat sink of the light assembly.

22. The method of Claim 21, further including electrically

insulating the electrical terminals of the substrate from the heat sink.

23. The method of Claim 21, further including overlaying the
electrical terminals of the substrate, the heat sink, and a portion of the

circuit board with an electrically insulative thermal conductor.

24. The method of Claim 21, further including connecting a lens to

the substrate, a portion of the lens being supported by the heat sink.

25. The method of Claim 21, wherein the heat sink comprises a
cylindrical housing having an open end, the method further including
connecting an alignment pin to an outer wall of the housing at a
predetermined distance from the open end, and mounting the substrate

within the pinned housing.

26. A light assembly for a hand-held medical diagnostic

instrument, comprising:

(@) athermally conductive cylindrical housing defining an

open end,;
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27.

instrument,

(b)

()

(d)

()

PCT/US2011/027630

a lens disposed proximate the open end;

an LED mounted to a substrate and fixed relative to the

lens, the substrate defining a pair of electrical terminals;

a light assembly circuit board disposed within the housing,
the electrical terminals mounted and electrically connected

to the circuit board; and

an electrically insulative thermal conductor thermally

connecting the electrical terminals to the housing.

A method of forming a lens for a hand-held medical diagnostic

comprising:

(@)

(b)

()

providing a mold body having a first end, a second end,
and a cavity between the first and second ends, the cavity

configured to receive a flow of lens material;

connecting a first insert to the first end such that an
optical surface of the first insert is fluidly connected to the
cavity, the optical surface of the first insert being one of

planar and concave;

connecting a second insert to the second end such that an
optical surface of the second insert is fluidly connected to
the cavity, the optical surface of the second insert being

one of planar, concave, and saddle-shaped; and
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(d) filling the cavity with the flow of lens material to form the
lens, the optical surfaces of the first and second inserts

forming corresponding optical surfaces on the lens.
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