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EMBEDDABLE MODULE FOR HIGH ultraviolet , infrared , far - infrared , and visible portions of the 
OUTPUT LED electromagnetic spectrum can be employed . 

The optical window can be formed of a variety of different 
RELATED APPLICATIONS materials . Some examples of suitable materials include , 

5 without limitation , sapphire , quartz , and glass . In some 
The present application is a continuation application of a embodiments , the window can also function as a filter for 

patent application entitled “ Embeddable Module For High blocking certain wavelengths of light while allowing other 
Output LED ” having an application Ser . No. 16 / 686,863 wavelengths to pass therethrough . For example , the optical 
filed on Nov. 18 , 2019 , now U.S. Pat . No. 10,768,407 issued window can function as a high pass , a low pass or a bandpass 
on Sep. 8 , 2020 , which is a continuation application of a filter . By way of example , the optical window can block 
patent application entitled “ Embeddable Module For High ultraviolet and infrared wavelengths while allowing visible 
Output LED ” having an application Ser . No. 15 / 338,027 wavelengths to pass therethrough . 
filed on Oct. 28 , 2016 , now U.S. Pat . No. 10,782,518 issued In some embodiments , the light module further includes 
on Sep. 22 , 2020 , which claims priority to a provisional 15 a retaining window that is removably and replaceably 
patent application entitled “ Embeddable module for light coupled to the light module's housing , e.g. , at its distal end . 
output LED ” having an application No. 62 / 247,454 filed on By way of example , in some such embodiments , the retain 
Oct. 28 , 2015 , and a provisional patent application entitled ing window can include a plurality of threads that can 
“ Elliptical optical lens for high output LED ” having an removably and replaceably engage with a plurality of 
application No. 62 / 247,451 filed on Oct. 28 , 2015 , and a 20 threads ( e.g. , internal threads ) provided at the distal end of 
provisional patent application entitled “ Handheld mobile the light module's housing . 
light source ” having an application No. 62 / 247,456 filed on In some embodiments , the retaining window can include 
Oct. 28 , 2015 , each of which is herein incorporated by an internal channel extending from a proximal opening to a 
reference in its entirety . distal opening for coupling via the distal opening to a light 

The present application is also related to utility patent 25 guide , e.g. , via an adapter to which the light guide is 
applications entitled “ Elliptical optical lens for high output connected . 
LED ” and “ Handheld mobile light source ” that are being In some embodiments , a gasket can be disposed between 
filed concurrently herewith and are hereby incorporated by the retaining window and the optical window to provide a 
reference in their entirety . seal therebetween . In some such embodiments , the retaining 

window presses against the gasket to provide the seal and BACKGROUND further provide mechanical support to the optical window . 
The light source ( e.g. , an LED ) can be mounted on a The present invention relates generally to a light module printed circuit ( PC ) board disposed within the module's that can be embedded in a variety of devices , such as endoscopes , to provide light for illuminating a field of view . 35 housing , e.g. , at its proximal end . The board can include a 

In many embodiments , the light module can provide high plurality of electrical leads for coupling the light module to 
intensity , low heat light . a source of power for supplying power to the light source . 

Further , a plate can be connected to the proximal end of the 
SUMMARY module's housing to facilitate securely holding the above 

40 components within the housing and in some cases to facili 
In one aspect , a light module is disclosed , which includes tate sealing the interior of the housing from the external 

a housing ( e.g. , a handheld housing ) providing a hollow environment . The plate can include a plurality of openings 
chamber extending from a proximal end to a distal end , and through which the electrical leads can protrude for connect 
a lens positioned in the hollow chamber , where the lens has ing to a source of power . 
a lens body comprising an input surface for receiving light 45 In some embodiments , the lens includes a lens body 
from a light source and an output surface through which extending from a proximal section having said input surface 
light exits the lens . The lens further includes a collar that at to a distal section having said output surface . The proximal 
least partially encircles the lens body . The light module section further comprises a substantially elliptical peripheral 
further includes at least one shoulder disposed in the hollow surface receiving at least a portion of the light entering the 
chamber and in contact with the lens collar for providing 50 lens body via said input surface and directing at least some 
mechanical support to the lens . By of way of example , the of the received light via total internal reflection to the distal 
shoulder can be provided by at least one sleeve placed in section such that at least a portion of the light directed to the 
contact with the lens collar to provide mechanical support to distal section exits the lens body through said output surface . 
the lens . A light source is coupled to the hollow chamber at The peripheral elliptical surface can be characterized by a 
the proximal end thereof ( e.g. , positioned within the hollow 55 proximal focal point and a distal focal point . In some 
chamber ) for providing light to the input surface of the lens . embodiments , the distal focal point is positioned external to 
In some embodiments , the light module can include an the lens , e.g. , a distance above the output surface of the lens . 
optical window disposed in the hollow chamber and opti- For example , the distal focal point may be positioned outside 
cally coupled to the output surface of the lens such that the the lens body at a distance above the lens's output surface so 
light exiting the lens passes through the optical window 60 as to be within a proximal portion of the light guide upon 
before exiting the light module . In many embodiments , the coupling of the light guide to the light module . In other 
lens can be removably and replaceably positioned in the embodiments , the distal focal point may be positioned in the 
hollow chamber . distal section of the lens body . In some embodiments , the 
A variety of light sources can be employed . In some distal focal point may be positioned at the output surface of 

embodiments , the light source can include one or more light 65 the lens . Further , in some embodiments , the proximal focal 
emitting diodes ( LEDs ) . A variety of LEDs emitting radia- point of the elliptical surface can be positioned , e.g. , at the 
tion at different wavelengths , such as wavelengths in the light source or in close proximity thereto . 

> 
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In some embodiments , the lens collar is disposed at the removable and replaceable light module coupled to the 
boundary between the proximal and distal sections of the housing , and one or more light guide ( s ) mechanically 
lens body . coupled to the housing and optically coupled to the light 

In some embodiments , the lens can have an input surface module to receive light therefrom . In some embodiments , 
having a central convex portion and a peripheral portion 5 the housing includes an enclosure for receiving the light 
surrounding the central convex portion . In some embodi- module . In some such embodiments , the light guide ( s ) are 
ments , the peripheral portion of the input surface is shaped disposed within the housing and in optical coupling with the 
such that at least a portion of the light entering the lens body light module to receive light therefrom . The light guide ( s ) via the peripheral portion propagates to the peripheral ellip 
tical surface to be reflected thereby . In some embodiments , 10 the light exiting the light guide ( s ) can exit the device to can extend to an opening within the housing through which 
the peripheral portion of the input surface is shaped such that illuminate a field of view . By way of example , the device can at least about 80 % , or at least about 90 % , or at least about 
95 % ( and preferably 100 % ) of the light entering the lens be an endoscope , a surgical headlight , a video camera , a 
body via that portion propagates to the peripheral surface of retractor , a speculum , and other devices requiring high 
the lens body to be reflected thereby . In some embodiments , is intensity , high quality light . . 15 the peripheral portion of the input surface includes a proxi- By way of example , such a device can be an endoscope . 
mal concave segment and a distal convex segment . In some such embodiments , the endoscope can be a single 

In some embodiments , the convex portion of the input use endoscope . 
surface and / or the elliptical peripheral surface can exhibit a In a related aspect , a light module is disclosed , which 
positive optical power in a range of about 50 to about 300 20 includes a housing providing a hollow chamber extending 
D. In some embodiments , the convex portion of the input from a proximal end to a distal end , a lens positioned said 
surface is configured such that the light entering the lens hollow chamber , said lens having a lens body comprising an 
body via that portion propagates to the lens ' output surface input surface for receiving light from a light source and an 
without striking the elliptical peripheral surface . output surface through which light exits the lens body , said 

In some embodiments , the input surface forms a cavity 25 lens further comprising a collar at least partially encircling 
configured to receive at least partially the light source . In said lens body . The light module further includes at least one 
some embodiments , the proximal focal point of the elliptical shoulder on which said collar is seated . A light source is 
peripheral surface is positioned in the cavity . coupled to the hollow chamber at the distal end for providing 

In some embodiments , the input surface of the lens is light to the input surface of the lens . 
configured to capture at least about 80 % , or at least about 30 In some embodiments , an optical window ( formed , e.g. , 
90 % , or at least about 95 % ( and preferably 100 % ) of the of sapphire or quartz ) is disposed in the hollow chamber and 
light emitted by the light source . is optically coupled to the output surface of the lens such that 
In some embodiments , the lens body is rotationally sym- the light exiting the lens passes through the window before 

metric about an optical axis and its output surface is sub- exiting the light module . 
stantially flat and orthogonal to that axis . In some embodiments , the light module includes at least 

Various components of the light module can be formed of one sleeve disposed in the hollow chamber , which provides 
a variety of different materials . For example , the lens can be the shoulder for holding the lens . In some embodiments , the 
formed of any suitable polymeric material , such as polycar- shoulder is formed as protrusion extending into the housing 
bonate , polymethylmethacrylate ( PMMA ) . In some cases in from the inner wall of the housing . 
which the LED emits radiation in the infrared region of the 40 In some embodiments , the lens includes a peripheral 
electromagnetic spectrum , the lens may be formed of high surface for receiving at least a portion of the light entering 
density polyethylene ( HDPE ) . In some embodiments , the the lens body via said input surface and for directing said 
module's housing and / or the sleeves can be formed of a received light via total internal reflection to the output 
metal or a plastic . surface . In some embodiments , the peripheral surface has a 

In a related aspect , a light module is disclosed , which 45 truncated elliptical shape characterized by an input focus 
includes a housing providing a hollow chamber extending and an output focus . In some such embodiments , the input 
from a proximal end to a distal end , and a lens positioned in focus is positioned on or in proximity of the light source and 
the hollow chamber , where the lens has a lens body com- the output focus is positioned external to said lens at a 
prising an input surface for receiving light from a light distance above said output surface of the lens . In other 
source , an output surface through which light exits the lens 50 embodiments , the output focus is positioned inside the lens , 
body and a peripheral elliptical surface that directs light e.g. , below the output surface or at the output surface of the 
incident thereon via total internal reflection to the output lens . 
surface , said lens further comprising a collar at least partially In some embodiments , the light module can include a 
encircling the lens body . The light module further includes retaining window removably and replaceably coupled to the 
at least one shoulder on which the lens collar can be seated 55 distal end of the housing . The retaining window can be 
for positioning the lens within the housing . A light source , configured for coupling to an adapter housing one or more 
e.g. , an LED , is coupled to the hollow chamber , e.g. , at its light guides for optically coupling said light guides to the 
proximal end , for providing light to the lens . In some light module . 
embodiments , an optical window is disposed in the hollow Further understanding of various aspects of the invention 
chamber and is optically coupled to the output surface of the 60 can be obtained by reference to the following detailed 
lens such that the light exiting the lens passes through the description in conjunction with the associated drawings , 
optical window before exiting the light module . In some which are described briefly below . 
embodiments , the shoulder can be formed as part of the 
housing . In other embodiments , the shoulder can be pro BRIEF DESCRIPTION OF THE DRAWINGS 
vided by a sleeve disposed in the module's housing . 

In a related aspect , a device for providing illumination to FIG . 1 is a schematic view of a light module according to 
a field of view is disclosed , which includes a housing , a an embodiment of the present teachings , 
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FIG . 2A is a cross - sectional view of the light module or a bundle of optical fibers ) of the device . In particular , in 
depicted in FIG . 1 illustrating various components thereof , many embodiments , the light module employs a lens for 
FIG . 2B is a schematic exploded view of the light module collecting light emitted by an LED over a large angular 

depicted in FIG . 1 , extent and to converge that light for efficient coupling into 
FIG . 3 schematically shows the light module of FIG . 1 5 a light guide . 

and a light guide adapter that can be coupled to the light Various terms are used herein consistent with their com 
module , mon meanings in the art . By way of further explanation , a FIG . 4 schematically depict an exemplary endoscope in number of terms are defined below : 
which a light module according to the present teachings in The term “ optical power ” is used herein consistent with 
embedded , common meaning in the art to refer to the degree to which FIG . 5 is a schematic cross - sectional view of lens suitable an optical component or surface converges or diverges for use in a light module according to the present teachings , incident light and is equal to the reciprocal of the focal FIG . 6 is a schematic cross - sectional view of a light 
module according to another embodiment , length of the component of the surface . 
FIG . 7 is a schematic perspective view of a lens employed 15 The term “ numerical aperture ” is used herein consistent 

in the light module depicted in FIG . 6 , with its common meaning in the art to refer to a dimension 
FIG . 8 is a top perspective view of a light module less number that characterizes the range of angles over 

according to another embodiment , which an optical component or system can emit or accept 
FIG . 9 is another top perspective view of the light module light . 

depicted in FIG . 8 , The term “ elliptical surface ” or similar terms as used 
FIG . 10 is a bottom perspective view of the light module herein refer to a surface that is shaped as a section of an 

depicted in FIG . 8 , ellipse . In other words , an elliptical surface is in the form of 
FIG . 11 is a bottom view of the light module depicted in a truncated ellipse . 

FIG . 8 , The term " about ” as used herein is intended to indicate a 
FIG . 12 is a perspective cross - sectional view of the light 25 variation of at most 10 % around a numerical value . 

module , The term “ substantially ” as used herein is intended to 
FIG . 13 is a cross - sectional view of the light module , indicate a deviation of less than 5 % relative to a complete 
FIG . 14 is a perspective exploded view of the light state or condition . 

module , With reference to FIGS . 1 , 2A , 2B , and 3 , a light module 
FIG . 15 is a top perspective view of a window ring of the 30 100 according to an embodiment of the present teachings 

light module , includes a substantially cylindrical housing 102 that pro 
FIG . 16 is a bottom perspective view of the window ring , vides a hollow chamber 104 extending from a proximal end 
FIG . 17 is a perspective view of an optical window of the ( PE ) a distal end ( DE ) . As discussed in more detail below , 

light module , the hollow chamber 104 can accommodate a plurality of 
FIG . 18 is a top perspective view of the lens of the light 35 components of the light module . 

module , More specifically , the light module 100 includes a printed 
FIG . 19 is another top perspective view of the lens of the circuit board 106 on which a light emitting diode ( LED ) 108 

light module , is mounted . The circuit board 106 includes a pair of elec 
FIG . 20 is a bottom perspective view of the lens of the trical leads 108a / 108b for coupling the circuit board to a 

light module , 40 source of electrical power for supplying electrical power to 
FIG . 21 is a top view of the lens of the light module , the LED 108 and in some cases controlling the intensity of 
FIG . 22 is a bottom view of the lens of the light module , the light emitted by the LED 108. In some embodiments , the 
FIG . 23 is side view of the lens of the light module , LED 108 can have an emitting surface of approximately 1 
FIG . 24 is a side sectional view of the lens of the light mmx1 mm , and can be coated with a wavelength conversion 

module , 45 material ( such as phosphorus ) to emit a broadband con 
FIG . 25 is a bottom lateral cross - sectional view of the lens tinuum of visible light , e.g. , at wavelengths between about 

of the light module , 470 and 700 nm . In some embodiments , the light emitted by 
FIG . 26 is a top perspective view of a portion of the the LED 108 has a divergence angle ( i.e. , the angle within 

housing of the light module configured for holding the lens , which about 90 % of the light is emitted ) of about 160 
FIG . 27 is a side cross - sectional view of the lens holder 50 degrees . In some embodiments , the LED 108 is a high 

depicted in FIG . 26 , power LED ( such as Luxeon III Model LXHL - LW3C ) , 
FIG . 28 is a top perspective view of an LED employed in which can be operated at a typical forward voltage of 3.7 V 

a light module according to an embodiment , and and a typical operating current of 700 mA . In general , a 
FIG . 29 is a bottom perspective view of the LED depicted variety of the LEDs can be employed , including , LEDs 

in FIG . 28 . 55 providing radiation at a variety of different wavelengths , 
such as 430 nm , 470 nm , near infrared , infrared , or visible . 

DETAILED DESCRIPTION In some embodiments , multiple LEDs can be employed . 
The light module 100 further includes a lens 112 having 

The present invention generally relates to a light module a lens body 112a providing an input surface 114 forming a 
that can be incorporated in a variety of devices , such as 60 cavity for at least partially receiving the LED 108. At least 
medical and industrial endoscopes , to provide light for a portion of the light emitted by LED enters the lens body 
illuminating a field of view when the devices are employed via the input surface 114. In some embodiments , the input 
for their intended purpose . As discussed in more detail surface 114 receives at least about 80 % , or at least about 
below , in many embodiments , the light module can be 90 % , or at least about 95 % ( and preferably 100 % ) of the 
removably and replaceably embedded in a device , such as an 65 light emitted by the LED 108. The lens 112 further includes 
endoscope , to efficiently transfer light emitted by a light an output surface 116 through which light can exit the lens 
emitting diode ( LED ) to a light guide ( e.g. , an optical fiber body . As discussed further below , the lens 112 further 
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includes a collar 118 that partially encircles the lens body . 126 is formed is substantially transparent to visible radia 
The collar 118 includes a lower surface 118a and an upper tion . In other embodiments , the optical window 126 may be 
surface 118b . substantially transparent to radiation in another region of the 

In some embodiments , the light exits the lens with a electromagnetic spectrum . By way of example , in some 
numerical aperture in a range of about 0.5 to about 0.9 , e.g. , 5 embodiments in which the light module emits radiation in 
0.66 or 0.88 . In some embodiments , the lens is configured the infrared region of the electromagnetic spectrum , the 
such that the numerical aperture associated with the light optical window 126 can be formed of high density polyeth 
exiting the lens allows efficient coupling of the light into a ylene . 
light guide that is optically coupled to the output surface of The light module 100 further includes a retaining window 
the lens to receive light therefrom . For example , in some 10 128 ( herein also referred to as a ring window ) that can be 
embodiments , the numerical aperture associated with the removably and replaceably coupled to the distal end of the 
light exiting the lens can be substantially equal to an input housing 102. More specifically , with reference to FIGS . 2A 
numerical aperture of an optical fiber ( or a bundle of optical and 2B , in this embodiment , the retaining window 128 
fibers ) receiving light from the lens . A plurality of different includes a plurality of external threads 128a that can engage 
types of light guides can be employed . For example , the light 15 with a plurality of internal threads 102a provided at the 
guide can be a single optical fiber , a bundle of optical fibers distal end of the housing 102a . The retaining window 128 
( e.g. , a plurality of square or round - shaped optical fibers ) , a has an annular shape providing an internal channel 129 
liquid light guide , a plurality of tapers made from glass or extending from a lower opening 129a to an upper opening 
plastic to form a light guide , etc. 129b for accommodating a light guide adapter , as discussed 
A bottom plate 120 is coupled to the proximal end of the 20 in more detail below . The retaining window 128 includes a 

hollow shell 104 , which provides a seat for the circuit board plurality of internal threads 128b for engaging the retaining 
106. The bottom plate 120 includes a pair of openings 120a window with the light guide adapter . 
and 120b through which the electrical leads 108a / 108b can A gasket 127 is positioned between the retaining window 
protrude for coupling to a source of electrical power . 128 and the optical window 126 such that when the com 

In this embodiment , the light module also includes a pair 25 ponents are assembled within the hollow chamber 104 the 
of sleeves 122/124 disposed on opposite sides of the lens retaining window presses against the gasket to facilitate 
collar . In this embodiment , each of the sleeves 122/124 is in holding the optical window in place and providing a seal . 
the form of a cylindrical shell . More specifically , the sleeve With reference to FIG . 3 , the retaining window 128 can be 
122 includes an annular shell 122a extending between a removably and replaceably coupled to an adapter 130 , where 
bottom annular surface 122b and a top annular surface 122c . 30 the adapter can be in turn coupled to a light guide ( e.g. , an 
When assembled within the hollow chamber 104 , the bottom bundle of optical fibers ) 132. In this embodiment , the 
annular surface 122b of the sleeve 122 is seated on an outer adaptor 130 includes a plurality of external threads 130a that 
portion of the circuit board and the top annular surface 122c can engage with the internal threads 128b of the retaining 
is in contact with the lower annular surface of the lens collar window to removably and replaceably couple the adapter to 
118 to provide a seat for the lens . 35 the retaining window . 

The sleeve 124 similarly includes an annular shell 124a In this embodiment , the 130 adapter includes a substan 
extending between a bottom annular surface 124b to a top tially cylindrical housing 130b having an central hollow 
annular surface 124c . When assembled within the hollow channel 130c for receiving the light guide 132. The housing 
chamber 104 , the bottom annular surface 124b is in contact includes an opening 130d for receiving a retaining pin 130e , 
with the upper annular surface 118b of the lens collar . In this 40 which secures the light guide 132 within the adapter 130 . 
manner , the two sleeves 122 and 124 facilitate positioning In some embodiments , an input surface ( s ) of the light 
the lens within the hollow chamber 104 and provide guide 130 can be in contact with the upper surface 126a of 
mechanical support for the lens . the optical window 126. In other embodiments , the input 

In this embodiment , the light module includes an optical surface ( s ) of the optical fiber can be positioned at a small 
window 126 that is optically coupled to the output surface 45 distance from the upper surface 126a of the optical window 
116 of the lens 112 such that the light exiting the lens ( or at 126. In some embodiments , the input surface ( s ) of the light 
least a portion of that light ) passes through the optical guide is substantially flat and has an area substantially equal 
window 126 before exiting the light module . More specifi- to an illuminated area of the upper surface of the optical 
cally , when assembled within the hollow chamber 104 , the window so as to allow efficient coupling of the light into the 
optical window 126 is seated on the top annular surface 124c 50 light guide . In some embodiments , a refractive index - match 
of the sleeve 12. In this embodiment , the optical window is ing material , such as a gel or an adhesive cement , can be 
in the form of a disk having lower and upper flat faces 126a applied to the upper surface 126a of the optical window 126 
and 126b . In some embodiments , the optical window can to facilitate efficient coupling of the light into the light guide . 
have a thickness in a range of about 0.5 mm to about 2 mm , As noted above , a plurality of different types of light 
though other thicknesses can also be employed . 55 guides can be employed . For example , the light guide 132 

The optical window 126 can protect the output surface of can be a single optical fiber , a bundle of optical fibers ( e.g. , 
the lens . In addition , in some embodiments , the optical a plurality of square or round - shaped optical fibers ) , a liquid 
window 126 can adjust one or more characteristics of the light guide , a plurality of tapers made from glass or plastic 
light exiting the lens . By way of example , the optical to form a light guide , etc. 
window 126 can be selected to function as a filter , e.g. , a 60 In some embodiments , the light module transmits light 
bandpass filter , to allow passage of certain wavelengths of emitted by the LED 108 to a light guide coupled to the light 
the light exiting the lens while blocking other wavelengths . module via the retaining window with an efficiency of at 
For example , such filtering of the light exiting the lens can least about 30 % , or at least about 40 % , or at least about 50 % , 
be used to adjust the color temperature of the light . The or at least about 60 % , or at least about 70 % , or at least about 
optical window 126 can be formed of a variety of different 65 80 % , or at least about 90 % , or at least about 95 % . In other 
materials , such as sapphire , quartz , glass , etc. In some words , the light module transfer at least about 30 % , or at 
embodiments , the material from which the optical window least about 40 % , or at least about 50 % , or at least about 60 % , 
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or at least about 70 % , or at least about 80 % , or at least about scope 200 can also include a user interface element 208 that 
90 % , or at least about 95 % of the light emitted by the LED allows a user to manipulate the endoscope . 
to the light guide . In some embodiments , the numerical As noted above , in this embodiment , the lens 112 includes 
aperture associated with the light exiting the light module to an input surface 114 , and output surface 116 and an elliptical 
be coupled to a light guide is selected so as to optimize 5 peripheral surface 115 that is configured to reflect light 
efficient coupling of the light into the light guide . For incident thereon via total internal reflection . By way of 
example , the optical module can be configured for efficient further illustration , FIG . 5 schematically depicts that the lens 
coupling of light into an optical fiber having an input 112 includes a proximal section 113 having the input surface 
numerical aperture of about 0.5 , 0.66 , or 0.88 . Further , 114 for receiving light from the LED 108 and a distal section 
optical fibers having a plurality of sizes can be employed to 10 115 having the output surface 116 through which the light exits the lens and a peripheral surface 116a . In this embodi receive light from the light module . For example , fibers ment , the peripheral surface 116a of the distal section 115 of having a diameter of about 2.1 mm , about 3 mm , about 3.4 the lens is in the form of a truncated cone , though in other mm , about 4 mm , about 5 mm , or about 6 mm can be embodiments it can have a different shape . The collar 118 is employed . For each fiber size , the lens can be configured , 15 positioned at the border between the proximal section and e.g. , by adjusting the curvature of its peripheral surface , the the distal section . In this embodiment , the input surface 114 size of its output surface , to provide efficient coupling of the of the lens 112 forms a cavity and includes a central convex light emitted by the LED 108 into the optical fiber , or a portion 114a surrounded by a peripheral portion 114b . In this bundle of optical fibers . embodiment , the peripheral portion 114b of the input surface Table 1 below presents theoretically simulated efficiency 20 includes a proximal concave segment ( A ) and a distal of various implementations of the light module 100 for convex segment ( B ) . The proximal section 113 includes an coupling light into fibers of different sizes , where the lens elliptical peripheral surface 117 that is in the form of a size refers to the diameter of the output surface of the lens . truncated ellipse having two foci f1 ( herein referred to as the The data presented in Table 1 shows that even for a fiber size input focus ) and f2 ( herein referred to as the output focus ) . as small as 2.1 mm , the light module can couple light 25 The focus f1 is positioned in the input cavity on or in emitted by an LED efficiently into the fiber . Further , the data proximity of the LED and the other focus f2 is positioned shows that a lens size of 4 mm , efficient optical coupling of external to the lens at a distance ( d ) , e.g. , in a range of about the light into different fiber sizes can be achieved . 4 mm to about 6 mm , above the output surface 116. In many 

embodiments , the output focus f2 is positioned so as to be TABLE 1 30 within a proximal section of a light guide optically coupled 
Fiber size ( mm ) to the lens to ensure efficient coupling of the light exiting the 

lens into the light guide . 
In other embodiments , the output focus f2 can be within 

the lens body , e.g. , below the lens ' output surface or at the 
( mm ) 35 output surface . In some embodiments , the position of the 

distal focal point 1240 is selected such that the light rays 
diverging from the distal focal point exhibit an angular 42.5 85.6 spread across the input face of a light guide coupled to the 
lens that maximizes the coupling of the light into the light 

The light modules according to the present teachings 40 guide . For example , the diverging beam can have an angular 
provide a number of advantages . For example , such light spread commensurate with an input numerical aperture of 
modules can be embedded and easily adapted for use with the light guide . 
multiple types of different types of illumination devices . By In some embodiments , any of the convex portion 114a 
way of example , the light modules according to the present and the elliptical peripheral surface 117 exhibits a positive 
teachings may be embedded within medical or industrial 45 optical power in a range of about 50 Diopters to about 300 
endoscopes , video cameras , retractors , speculums , surgical Diopters , though other optical powers can also be employed . 
headlights and other devices requiring high intensity , high In some other embodiments , the convex portion is config 
quality light . ured such that its focal point ( i.e. , the point at which the light 

By way of example , FIG . 4 schematically depicts an rays refracted by that portion converge ) is external to the 
endoscope 200 according to an embodiment of the present 50 lens . By way of example , the focal point of the convex 
teachings in which the bat module 100 is incorporated . More portion may be within the proximal end of a light guide 
specifically , the endoscope 200 includes a body 202 provid- coupled to the lens , or external to both the lens and the light 
ing an enclosure 204 for removably and replaceably receiv- pipe such that the light rays diverging form the focal point 
ing the light module 100. The endoscope 200 further to illuminate the input face of the light pipe would exhibit a 
includes one or optical fibers 210 that are optically coupled 55 maximum angular spread corresponding to that of a solid 
to the light module to receive light therefrom . The optical angle subtended by the input face of the light guide . By way 
fibers extend to a distal end ( DE ) of the endoscope through of example , in some such embodiments , the focal point of 
which the light exits the endoscope to illuminate a field of the convex portion can be substantially coincident with the 
view . The endoscope 200 can further include a light detector distal focal point of the elliptical peripheral surface . 
( not shown ) and one or more optical components ( not 60 The lens 112 can be formed of any suitable material , such 
shown ) , such as lenses , mirrors , for directing light emanat- as a variety of different polymeric materials . Some examples 
ing from a field of view to the detector to form an image of of such materials include , without limitation , polymethyl 
the field of view , in a manner known in the art . Further , the methacrylate ( PMMA ) , and polycarbonate . In some embodi 
exemplary endoscope 200 can include processing circuitry ments in which the LED 106 emits radiation in the infrared 
for forming the image and transmitting the image via a 65 region of the electromagnetic spectrum , the lens may be 
proximal connector 210 to a monitor ( not shown ) for view- formed of high density polyethylene to be substantially 
ing , e.g. , by a medical professional . The exemplary endo- transparent to that radiation wavelength . In some embodi 
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Lens size 3.0 
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ments , the proximal and distal sections of the lens as well as lens 3 within the internal channel 19. The lens holder 17 
the lens ' collar are formed as a single integral unit , e.g. , further includes a second internal shoulder 23 for holding a 
using molding or other manufacturing techniques known in sapphire window 14 in substantially planar arrangement 
the art . over an output surface 4 of the optic lens 3. The bottom 

With reference to FIG . 2A as well as FIG . 5 , in some 5 opening 21 of the lens holder 17 permits any wiring or 
embodiments , the lens 112 is coupled to the LED 106 such power sources to be operatively connected to the LED 2 . 
that the distance between the LED and the convex portion In this embodiment , the optical lens 3 is formed of a single 
114a of the input surface is less than about 0.3 mm , or less piece of transparent material that allows the passage of the 
than about 0.2 mm . In some cases , the distance between the light emitted by the LED 2 therethrough . For example , the 
LED 106 and the convex portion 114a of the input surface 10 lens 3 may be formed of glass , plastic , or sapphire . The lens 
is about 0.24 mm . 3 includes a proximal ( or light - receiving ) section 9 having 

With reference to FIGS . 6 and 7 , a light module 300 an input surface 10 for receiving light from the LED 2 , and 
according to another embodiment includes a housing 301 in a distal ( or light - outputting ) section 6 having a substantially 
which a lens 302 can be removably and replaceably posi- flat output surface 4. The optical lens 3 also includes a collar 
tioned . The lens 302 includes an input surface 304 that is 15 8 that can be seated on the internal shoulder 22 for being 
optically coupled to an LED 306 , which is mounted on a held within the lens holder 17. The input surface 10 includes 
printed circuit board 308 , to receive light therefrom . The a peripheral curved surface 12 and a central convex surface 
lens 302 further includes an output surface 310 ( which is 13 that collectively form a cavity 11. The optical lens 3 
substantially flat in this embodiment ) through which light includes a peripheral elliptical surface that reflects the light 
exits the lens . The lens 302 also includes a peripheral surface 20 incident thereon via total internal reflection . 
312 that receives at least a portion of the light entering the The window ring 18 includes a cylindrical internal chan 
lens through its input surface and directs the light incident nel 24 with a top opening 25 and a bottom opening 26. The 
thereon via total internal reflection to the output surface . window ring 18 contacts a top surface 15 of the sapphire 
Similar to the previous embodiment , the peripheral surface window 14 to secure the sapphire window against the 
312 is in the form of a truncated ellipse that includes an input 25 internal shoulder 23. In this embodiment , the bottom surface 
focus fl on or in close proximity of the LED 306 and an of the window ring 18 and the top surface of the lens holder 
output focus f2 that is external to the lens at a distance , e.g. , 17 are threaded for releasable attachment to one another . 
in a range of about 4 mm to about 6 mm , above the lens ' The external housing 5 protects the LED 2 , the elliptical 
output surface 310. In some embodiments , the elliptical optic lens 3 , and the sapphire window 14 from the external 
peripheral surface 312 can extend from the input surface of 30 environment . The resilient external housing 5 permits the 
the lens to its output surface . In some other embodiments , a module 1 to be attached to the illumination device without 
proximal portion 312a of the peripheral surface of the lens fear of misaligning or damaging the internal LED 2 , the 
can have an elliptical shape ( e.g. , a portion extending from elliptical optic lens 3 , and the sapphire window 14. In some 
the input surface to a collar 314 ) , and a distal portion 312b embodiments , the lens holder 17 and the window ring 18 
of the peripheral surface can have a different shape ( e.g. , a 35 may be formed of metals , alloys , or plastics . 
truncated conical shape ) . In some embodiments , the module 1 may be attached to 

The collar ( herein also referred to as flange ) 314 partially a source of power for supplying electrical power to the LED 
encircles the lens body and facilitate the positioning of the 2 and any circuitry to provide the correct voltage to the LED 
lens within the housing 301 , as discussed in more detail 2 , both of which are well known in the art . By way of 
below . 40 example , the source of power can be one or more batteries , 
More specifically , a sleeve 316 in contact with a lower or AC line power . 

surface of the collar 314 supports the lens 312 above the Similar to the previous embodiments , the light module 1 
printed circuit board 308. Another sleeve 318 is seated on an can be coupled to a light guide , e.g. , the light guide of an 
upper surface of the lens collar 314 and supports an optical illumination device , to provide light from the LED 2 to the 
window 320 at a distance D above the output surface 310 of 45 light guide . Once connected to a power source , the LED 2 
the lens . The optical window 320 can be implemented , for emits light that spreads over an angular extent , e.g. , an 
example , in a manner discussed above in connection with angular extent characterized by a divergence angle of about 
the previous embodiment . 160 degrees . The light is received by the lens 3 via the cavity 
A retaining window 322 is releasably coupled to the 11. In many embodiments , a large fraction of the light 

housing via a plurality of threads 322a , which engage with 50 emitted by the LED , and in some cases all the light emitted 
respective threads provided in the inner surface of the by the LED , is captured by the input surface 10 of the lens 
housing 301. A gasket 322 positioned between the retaining 3. The light entering the lens is transmitted via internal 
window 322 and the optical window 320 can provide a seal . reflection by its peripheral elliptical surface or directly to its 
Similar to the previous embodiment , the retaining window output surface 4 and exits through that output surface . In 
322 can be connected to an adapter 326 of a light guide ( not 55 some embodiments , the light exits the lens with a divergence 
shown ) for optically coupling the light module 300 to the angle less than the divergence angle associated with the light 
light guide . emitted by the LED . For example , the divergence angle 

The light module 300 includes a pair of electrical leads associated with the light exiting the lens can be about 30 % , 
300a and 300b for connecting the light module to a source 40 % , 50 % , 60 % , or 70 % less than the divergence angle of 
of electrical power , such as one or more batteries . 60 the light emitted by the LED . For example , in some embodi 

With reference to FIGS . 8-29 , a light module 1 according ments , the light emitted by the LED 2 can be characterized 
to the another embodiment includes an external housing 5 by a divergence angle of about 160 degrees and the light 
having a lens holder 17 and a window ring 8 , which are exiting the lens can be characterized by a divergence angle 
releasably coupled to one another . In this embodiment , the of about 66 degrees . The light exiting the lens passes through 
lens holder 17 contains a cylindrical internal channel 19 with 65 the sapphire window to be coupled to a light guide . 
a top opening 20 and a bottom opening 21. The lens holder The substantially planar top surface 4 of the elliptical lens 
17 contains an internal shoulder 22 for holding an optical 3 is placed in contact with the substantially planar bottom 
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surface 16 of the sapphire window 14 , or as close to this a lens positioned in the hollow chamber , the lens having 
surface as mechanically possible . Ideally , both surfaces are a lens body comprising an input surface for receiving 
as flat as possible , which accomplishes good contact or very light from a light source and an output surface through 
minute separation across all or a substantial portion of the which light exits the lens ; and 
interface between the planar surfaces . The emitted light is 5 an adapter configured for removable and replaceable 
transferred from the lens 3 to the sapphire window 14 . coupling to the distal end of the hollow chamber of the 

In some embodiments , the output surface 4 of the lens 3 housing , the adapter being further configured for 
can be index matched with the substantially planar bottom receiving a proximal end of a light guide such that the surface 16 of the sapphire window 14. For example , in some light guide is secured within the adapter so as to receive embodiments , refractive index - matching materials , such as a 10 at least a portion of light exiting the output surface of liquid , a gel , or an adhesive cement , can be utilized to the lens , provide a refractive index match between the output surface 
4 of the lens 3 and the bottom surface 16 of the sapphire wherein the adapter comprises an opening for receiving a 
window . retaining pin for securing the light guide within the 

Further , in some embodiments , the planar top surface 15 15 adapter . 
of the sapphire window 14 can be index matched with the 2. The light module of claim 1 , wherein said adapter 
input surface of the light guide , e.g. , input light guide of an comprises a housing having a plurality of external threads 
illumination system . In some embodiments , the input light for engaging with a plurality of internal threads disposed at 
guide of the illumination device can have a flat input face , an end of said hollow chamber for coupling the adapter to 
ideally filling the entire emitting area of planar top surface 20 the hollow chamber . 
15 of the sapphire window 14. The input light guide face is 3. The light module of claim 2 , wherein said hollow 
placed in contact with the planar top surface 15 of the chamber is substantially cylindrical . 
sapphire window 14 or as close to this surface as mechani- 4. The light module of claim 1 , wherein said light guide 
cally possible . Ideally , both surfaces are flat to facilitate comprises an optical fiber . 
good contact between them . The flexibility of the input light 25 5. The light module of claim 1 , wherein said light guide 
guide may assist in a higher degree of contact between the comprises a bundle of optical fibers . 
two surfaces . This ensures efficient coupling of light out of 6. The light module of claim 1 , further comprising an 
the planar top surface 15 of the sapphire window 14 into optical window disposed in the hollow chamber and opti 
input light guide . cally coupled to the output surface of the lens such that the 

In embodiments of the subject invention , the planar top 30 light exiting the lens passes through the optical window 
surface 15 of the sapphire window 14 may have an index- before exiting the light module . 
matching material such as a liquid , cement ( adhesive ) , or 7. The light module of claim 6 , wherein said optical 
gel , to substantially match the index of refraction of the window comprises any of sapphire , quartz , and glass . 
input light guide to further improve the light coupled into the 8. The light module of claim 6 , wherein said optical 
light guide . 35 window functions as a filter to block certain wavelengths of 

In some embodiments , the light guide can be a single light radiation while allowing certain other wavelengths to pass . 
guide fiber , a plurality of square or round light guide fibers , 9. The light module of claim 8 , wherein said optical 
liquid light guides , a plurality of plastic or glass fibers window blocks ultraviolet and infrared wavelengths while 
coupled to form a light guide , a plurality of plastic or glass allowing visible wavelengths to pass through the window . 
rods coupled to form a light guide , a plurality of tapers made 40 10. The light module of claim 9 , wherein said optical 
from glass or plastic fibers coupled to form a light guide , or window is substantially transparent to radiation in the infra 
a plurality of solid tapers made from glass or plastic coupled red region of the electromagnetic spectrum . 
to form a light guide . 11. The light module of claim 10 , wherein said optical 

The emitted light is transferred from the sapphire window window is formed of high density polyethylene . 
14 to the light guide . As a result , a greater amount of light 45 12. The light module of claim 6 , further comprising a 
from the LED 2 can be transmitted to the distal end of the retaining window configured for removable and replaceable 
light guide to illuminate objects under investigation , e.g .; in coupling to the distal end of the housing . 
an endoscope system . 13. The light module of claim 12 , further comprising a 

The lack of additional optics between the LED 2 , the gasket positioned between the retaining window and the 
elliptical optic lens 3 , and the sapphire window 14 simplifies 50 optical window such that when the components are 
the mechanical design and space requirements for the mod- assembled within the hollow chamber the retaining window 
ule 1 allowing ; for example , easier insertion into existing presses against the gasket to facilitate holding the optical 
illumination devices . In some embodiments , small batteries window in place and providing a seal . 
may be used to power the LED 2 , thus permitting the light 14. The light module of claim 1 , wherein said light source 
module to be used in compact illumination device while 55 emits radiation in the infrared region of the electromagnetic 
providing a desired illumination . spectrum . 

Those having ordinary skill in the art will appreciate that 15. A light module , comprising : 
various changes can be made to the above embodiments a housing providing a hollow chamber extending from a 
without departing from the scope of the invention . Further , proximal end to a distal end , 
various elements of one embodiment can be incorporate in 60 a lens positioned in the hollow chamber , the lens having 
another embodiment . For example , the lens of one embodi- a lens body comprising an input surface for receiving 
ment may be incorporate into another embodiment . light from a light source and an output surface through 

which light exits the lens ; 
What is claimed is : an adapter configured for removable and replaceable 
1. A light module , comprising : coupling to the distal end of the hollow chamber of the 
a housing providing a hollow chamber extending from a housing , the adapter being further configured for 

proximal end to a distal end ; receiving a proximal end of a light guide such that the 
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15 
light guide is secured within the adapter so as to receive 
at least a portion of light exiting the output surface of 
the lens ; and 

an optical window disposed in the hollow chamber and 
optically coupled to the output surface of the lens such 5 
that light exiting the lens passes through the optical 
window before exiting the light module . 

16. The light module of claim 15 , further comprising a 
retaining window configured for removable and replaceable 
coupling to the distal end of the housing . 

17. The light module of claim 16 , further comprising a 
gasket positioned between the retaining window and the 
optical window such that when the components are 
assembled within the hollow chamber the retaining window 
presses against the gasket to facilitate holding the optical 15 
window in place and providing a seal . 
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