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(57) ABSTRACT 

The present invention is directed to methods of mounting a 
light source, such as, for example a high-e?iciency, high 
poWer solid state light source (e.g., a LED) Within a handle 
of an endoscope. One of the methods of the present inven 
tion includes removing a portion of a package surrounding 
the light source to expose a light source chip, positioning the 
exposed light source adjacent to a chassis Within the handle 
and in contact With an end of a light guide bundle, translating 
the light source With the exposed light source chip about the 
end of the light guide While measuring light output from an 
illumination (i.e., distal) end of the light guide bundle With 
a photodetector, and securing the exposed light source to the 
chassis at a position in Which maximum light output is 
measured. 
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LED ENDOSCOPE ILLUMINATOR WITH 
THERMALLY CONDUCTIVE HANDLE 

[0001] CROSS REFERENCE TO RELATED APPLICA 
TION 

[0002] This application claims the bene?t of the ?ling date 
of US. Provisional Patent Application Ser. No. 60/611,006, 
?led on Sep. 17, 2004, the entirety of Which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0003] This invention relates to a remote illumination 
device using a high-poWer LED and a ?ber optic light guide. 

BACKGROUND OF THE INVENTION 

[0004] Light sources for endoscopic use are generally of 
tWo types: incandescent ?lament lamps and arc lamps. 
Incandescent lamps produce light by passing current through 
a tungsten ?lament, causing it to radiate light in proportion 
to its blackbody color temperature. The hotter the ?lament, 
the higher its color temperature and the more nearly it 
approaches daylight With a color temperature of approxi 
mately 5500K. Tungsten ?lament lamps range in color 
temperature from approximately 2400-3400K. Because of 
the loW color temperature, objects illuminated by a tungsten 
?lament light source appear slightly yelloW due to the loW 
output of blue light from these sources. Arc lamps produce 
light by creating a plasma betWeen tWo electrodes Within the 
sealed bulb. White light from these lamps can be produced 
by choosing the appropriate ?ll gas (usually Xe) and pres 
sure (usually several atmospheres). Color temperature of 
common arc lamps is approximately 4000-6000K. Both 
types of lamps, ?lament and arc, are very ine?icient in 
converting electrical poWer to light, and consequently pro 
duce large amounts of heat. The heat must be dissipated. It 
also contributes to a shortened useful life of such light 
sources. 

[0005] There have been numerous attempts to utiliZe loW 
poWer (<1 W electrical poWer consumption, typically oper 
ating beloW 100 mW) LEDs coupled to ?ber optic light 
guides as light sources for endoscopy, dentistry, and for 
remote illumination of objects (as With a ?ashlight). Most of 
these prior attempts employ numerous loW poWer LEDs for 
remote illumination. Multiple LEDs are necessary because 
the light output from a single, loW poWer LED is very loW 
and there is poor coupling of light emitted by the LED(s) 
into the optical ?ber. An example of several coupling 
methods appears in US. Pat. No. 6,331,156 Whereby the 
inventors place the ?ber optic directly in front of either a 
surface mount or cylindrical LED Without the use of addi 
tional optical components, coatings or gel. This patent also 
exempli?es the use of additional optical components in the 
form of lenses or mirrors in order to collect light generated 
from a standard, unmodi?ed LED package con?guration. 
US published patent application 2004/0004846 A1 utiliZes a 
lens to couple the light emitted by an LED into a ?ber optic. 
US published patent application 2003/0156430A1 describes 
a device that consists of a number of individual LEDs 
mounted on mirrors, the arrangement of the LEDs and 
mirrors having a common focal point at the input end of the 
?ber light guide. US. Pat. No. 6,260,994 describes a plu 
rality of LEDs mounted betWeen a spherical or parabolic 
re?ector and a lens, Which directs the light emitted by the 
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LEDs into the light guide ?ber. In this invention, the LEDs 
emit light toWards the collecting lens and aWay from the 
re?ector. In US. Pat. No. 6,318,887, the LEDs are posi 
tioned so as to emit radiation toWards a re?ector, Which then 
re?ects light through a transparent printed circuit board and 
toWards a lens and ?ber light guide. In US published patent 
application 2002/0120181 A1, light emitted by several 
LEDs is collected along a common optical axis through a 
series of beam splitting prisms, in at least one embodiment 
With the use of lenses to couple the light from the LED into 
the prism, and then into the ?ber. In these examples, the LED 
packages are not modi?ed; multiple, loW poWer LEDs are 
employed in order to attain a reasonable level of illumina 
tion; and in most of these examples, external optical com 
ponents are employed in order to increase the coupling 
e?iciency betWeen the LEDs and the light guide ?ber. 

[0006] In US published patent application 2003/0231843, 
numerous loW poWer LEDs are coupled into individual 
?bers, Which are combined together at the distal end of the 
device to produce intense light for curing dental epoxy. This 
patent application describes an approach in Which the LED 
package and light guide ?ber are modi?ed in order to 
increase the optical coupling e?iciency betWeen the tWo. In 
one embodiment, the cladding material from the ?ber is 
removed and the ?ber core is placed Within the LED epoxy 
lens. The exterior of the epoxy lens is coated With a loW 
refractive index “clad” that produces total internal re?ection 
of the light emitted by the LED. Some of the light re?ected 
by this LED clad can make its Way into the core of the ?ber 
and be transmitted to the distal end of the device. This patent 
application also includes a description of a taper attached to 
the external surface of the LED dome lens that couples the 
light into the ?ber. Again, hoWever, additional optical ele 
ments (cladding or tapers applied to the LED) are used. Also, 
the device employs numerous loW poWer LEDs to attain 
su?icient light output from the device. This type of arrange 
ment Would be di?icult if not impossible to implement With 
a high poWer LED because of the high operating tempera 
ture of these LEDs (up to 135 degrees C.). At high tem 
peratures, the epoxy used in typical LED packages Will melt 
or crack due to thermal cycling. In addition, high tempera 
tures Will cause the epoxy to discolor, typically becoming 
yelloW. This Will impart a yelloW cast to the light, thereby 
loWering its e?‘ective color temperature and its desirability 
as a visual light source. In addition, discoloration Will absorb 
loWer Wavelengths of light emitted by the LED, particularly 
those Wavelengths in the blue and UV region of the spectrum 
that are essential for epoxy curing and ?uorescence appli 
cations. 

SUMMARY OF THE INVENTION 

[0007] Recent advances in light emitting diodes (LEDs) 
have seen the advent of very high poWer LEDs, up to 5 W. 
This invention utiliZes a high poWer White light LED as a 
light source for medical and industrial endoscopes. The high 
poWer, very small siZe, and high e?iciency of these devices 
makes it possible to design an untethered endoscope; an 
endoscope Without a light guide umbilical connecting the 
endoscope to an external light source. As a result, in some 
embodiments, the invention is directed to an endoscope With 
a light source mounted Within a handle of the endoscope. In 
certain embodiments, a battery to poWer the light source is 
also positioned in the handle so that the endoscope is 
untethered. An advantage of this embodiment is that a user 
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has full range of motion Without being tied to an external 
power source. In addition, another advantage is that the 
endoscope is light in Weight. 

[0008] In general, the invention relates to an endoscope 
With a battery poWered, high poWer LED incorporated into 
the endoscope handle. By close coupling of a light guide 
bundle to the LED Without the use of additional optical 
components, a large amount of the light emitted by the LED 
can be coupled directly into the ?bers of the light guide 
bundle. As a result, a greater amount of light from the LED 
can be transmitted to the distal end of the endoscope Which 
illuminates objects under investigation. Embodiments of the 
present invention do not include auxiliary optics, such as 
lenses or mirrors, disposed betWeen the light source and the 
light guide bundle, but instead rely on the small siZe of the 
LED’s emitting region and the close placement (e.g., direct 
contact or close proximity) of the light guide bundle to the 
emitting region. Because the LED itself is very ef?cient in 
converting electrical energy into light and the described 
optical interface is very ef?cient at coupling this light from 
the LED into the light guide ?ber, this neW light source can 
be poWered by small batteries that Will operate for a con 
siderable length of time Without the need for battery replace 
ment or recharging, and Without making the endoscope 
handle cumbersome or unWieldy. The lack of auxiliary 
optics betWeen the light source and the light guide bundle 
simpli?es the mechanical design and volume of space Within 
the handle needed for the light source. The high light output 
and high coupling ef?ciency of the light emitted by the LED 
into the light guide ?ber increases battery lifetime and/or 
permits the use of smaller capacity, and smaller volume 
batteries. 

[0009] In one aspect, the invention is directed to a method 
of mounting a light source Within a handle of an endoscope. 
The method includes the folloWing steps: removing a por 
tion of a lens and an index matching solution from a light 
source package to expose a portion of a light source chip and 
form an exposed light source package; positioning the 
exposed light source package so that a securing surface of 
the exposed light source package is disposed adjacent to a 
chassis Within the handle of the endoscope and a light 
emitting surface of the exposed light source package is in 
contact With a contact end of a light guide bundle, the light 
guide bundle extending from the contact end to an illumi 
nation end disposed on the Working end of the endoscope; 
translating the exposed light source package about a plane 
containing the contact end While measuring light output 
from the illumination end With a photodetector to align the 
exposed light source package With the contact end; and 
securing the exposed light source package to the chassis at 
the position in Which maximum light output is measured. 

[0010] This aspect of the invention can include one or 
more of the folloWing features. In some embodiments, the 
light mounted is a LED. In certain embodiments, the chassis 
is formed of a metal (e.g., aluminum) and a layer of 
thermally conductive grease is disposed betWeen the secur 
ing surface and the chassis to facilitate conduction of heat 
from the exposed light source package. In some embodi 
ments, the exposed light source package is secured to the 
chassis With screWs, such as for example screWs that are 
formed of a non-conductive material. In certain embodi 
ments, the exposed light source package is battery poWered, 
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and may be conditioned to provide constant poWer to the 
light source chip, such as for example by a pulse Width 
modulation circuit. 

[0011] In another aspect, the invention is directed to a 
method of mounting a LED Within a handle of an endoscope. 
The method includes the folloWing steps: positioning a LED 
including a LED chip supported by a securing surface and 
having an exposed light emitting surface so that the securing 
surface is disposed adjacent to a chassis Within the handle of 
the endoscope and the light emitting surface is in contact 
With a contact end of a light guide bundle, the light guide 
bundle extending from the contact end to an illumination 
end disposed on the Working end of the endoscope; trans 
lating the exposed LED package about a plane containing 
the contact end While measuring light output from the 
illumination end With a photodetector to align the exposed 
LED package With the contact end; and securing the exposed 
LED package to the chassis at the position in Which maxi 
mum light output is measured. 

[0012] This aspect of the invention can include one or 
more of the folloWing features. In some embodiments, the 
chassis is formed of a metal (e.g., aluminum) and a layer of 
thermally conductive grease is disposed betWeen the secur 
ing surface and the chassis to facilitate conduction of heat 
from the exposed LED package. In certain embodiments, the 
LED is secured to the chassis With screWs, such as for 
example that are formed of a non-conductive material. In 
some embodiments, the LED package is battery poWered, 
and may be conditioned to provide constant poWer to the 
LED chip. In certain embodiments, the battery poWered 
exposed LED package is conditioned by a pulse Width 
modulation circuit. 

[0013] While the above embodiments have been described 
as relating to endoscopes (e.g., medical endoscopes, indus 
trial endoscopes), this invention also has applications in 
other areas, such as, for example, ?ber optic lighting for 
microscopy, ?ber optic lighting for still and video photo 
graph. In addition, this invention can also be applied to other 
regions of the light spectrum, such as ultraviolet, near 
infrared, and infrared and can be used in other types of 
optical observations, such as ?uorescence, absorbance, and 
transmittance measurements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Other objects, features and advantages Will occur 
to those skilled in the art from the folloWing description of 
the preferred embodiments, and the accompanying draW 
ings, in Which: 

[0015] FIG. 1 is an enlarged partial cross sectional dia 
gram of one embodiment of the high poWer LED-based light 
source of the invention. 

[0016] FIG. 2 is a similar diagram for an alternative 
embodiment of the inventive light source. 

[0017] FIG. 3 is a similar diagram of yet another altema 
tive embodiment of the light source of this invention. 

[0018] FIG. 4 is a alternative vieW of another embodiment 
of the inventive light source. 

[0019] FIG. 5 depicts the mounting of the LED in the 
handle of a nasopharyngoscope. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] One embodiment of this invention utilizes a high 
power LED (Luxeon III Model LXHL-LW3C, Lumileds 
Lighting, LLC, 370 W, Trimble Road, San Jose, Calif. 
95131) With a typical forward voltage of 3.7V and operating 
current at 700 mA. This device can be safely operated up to 
a current of l AWith a corresponding typical forWard voltage 
of 3.9V. This White LED has a typical color temperature of 
5500K. The LED chip has an emitting surface of approxi 
mately 1 mm><l mm, and is coated With a Wavelength 
conversion phosphor (and/or ?uorophor) that emits a broad 
band continuum of visible White light betWeen about 470 
700 nm. 

[0021] The light emitting area of the LED is coupled to a 
small 1 mm square or round bundle of light guide ?bers; a 
typical light guide bundle siZe used in endoscopes. The light 
guide bundle is composed of hundreds of individual glass 
(or plastic) ?bers grouped together to form a single bundle 
at the light source, and either a single bundle or multiple 
bundles at the distal end of the endoscope. Such bundles can 
take on a variety of shapes at the distal end depending upon 
the design of the particular endoscope: one or more round 
bundles, a circular halo, a crescent, or the like. Small 
diameter ?bers, typically 30-50 micrometers in diameter, are 
employed because these small ?bers are ?exible (necessary 
for ?exible endoscopes that bend during use), or because 
they are required to ?t into the narroW spaces around the 
optics either in the shaft or distal head of the endoscope. 

[0022] Other types of light guides can be coupled to the 
LED in the manners described herein, including: liquid light 
guides, plastic or glass ?bers, plastic or glass rods, and 
tapers made from ?bers (glass and plastic) or solid tapers 
(glass and plastic). Single glass or plastic ?bers may com 
prise the light guide. Such ?bers around 1 mm in diameter 
are typically ?exible. In order to accommodate a small light 
guide bundle of less than the LED emitting area, a ?ber optic 
or solid plastic or glass taper may be placed betWeen the 
LED emitting surface and the bundle, acting as an adapter 
that captures substantially all of the light emitted from the 
LED and e?iciently couples it into the ?ber bundle that 
delivers the light to the distal end of the instrument. 

[0023] The details of the endoscope or other device in 
Which the light source is used are knoWn to those skilled in 
the art, for example as disclosed in US. Pat. No. 6,260,994 
(incorporated herein by reference in its entirety). This holds 
true Whether the light source is used in a medical or 
industrial endoscope (either ?exible or rigid) or other appli 
cation areas such as ?ber optic lighting, delivery of light 
from other regions of the spectrum, other types of optical 
observations such as ?uorescence, absorbance, and trans 
mittance measurements, and remote light sources akin to 
?ber optic ?ashlights, used primarily for visual inspection. 

[0024] The high-poWer White light-emitting LED chip is 
commercially supplied encapsulated in a silicone optical gel 
covered by a plastic dome lens assembly, Which spreads the 
emitted light over a 160 degree angle (total included angle 
at Which 90% of the total luminous ?ux is captured). A 
considerable amount of light can be captured by placing the 
light guide at the surface of this dome lens or utiliZing 
additional optical components (lenses, mirrors, tapers, etc.) 
to couple the light into the ?ber bundle. HoWever, a much 
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larger portion of light can be captured by moving the light 
guide adjacent to the surface of the LED chip. 

[0025] FIG. 1 demonstrates hoW the maximum coupling 
of light from the LED chip into the light guide is achieved. 
The plastic lens and coupling gel as supplied With the LED 
are ?rst removed, exposing the LED chip 600 and its 
phosphor coating 500. LED chip 600 is supplied mounted on 
heat sink 700. Wires 400 supply poWer to LED chip 600. A 
bundle of polished light guide ?bers 200 having a ?at face 
(typically ?lling the entire emitting area of chip 600) is 
epoxied into a stainless steel ferrule 100, Which is ideally the 
same shape and siZe as the LED chip emitting surface area. 
Other materials can be used for the construction of the 
ferrule, such as other metals, alloys, and plastics, or the 
ferrule can be eliminated altogether When not needed for 
grouping a large number of ?bers together (such as When a 
single, large diameter ?ber or rod is used instead of a group 
of ?bers). The end of ferrule 100 can be coincident With the 
light guide 200 face, or can be slightly recessed from the 
face of the polished light guide 200 in order to reduce the 
siZe of the end of this light guide. The polished light guide 
200 face is placed in contact With the surface of LED chip 
600, or as close to this surface as mechanically possible. 
Ideally, both faces are as ?at as possible, Which accom 
plishes actual contact or very minute separation across all or 
a substantial portion of the interface betWeen the LED 
surface and the face of the light guide. The ?exibility of the 
light guide ?bers can assist in a higher degree of contact 
betWeen the tWo faces. This ensures the most e?icient 
coupling of light out of LED chip 600 into light guide 200. 

[0026] Other embodiments of the invention are also antici 
pated and are noW described. FIGS. 2 and 3 demonstrate 
hoW the LED can be coupled to a light guide With little or 
no modi?cation to the LED housing. In FIG. 2, light guide 
200 is placed directly adjacent to the LED dome lens 900. 
Su?icient light may be coupled into light guide 200 to 
illuminate the object of interest. HoWever, the optical trans 
fer e?iciency of this coupling is very poor, resulting in a 
loWer level of illumination of the object as compared to the 
preferred embodiment described above. This can be com 
pensated at least in part by operating at higher poWer, Which 
may increase the light output but also loWers battery and 
LED lifetime. 

[0027] In FIG. 3, dome lens 900 of the LED is ground and 
polished nearly doWn to the level of internal silicone encap 
sulent 300, so as to preserve the integrity of the mechanical 
package. This increases the amount of light available to light 
guide 200, as the amount of light present at any plane above 
the surface of LED chip 600 is inversely proportional to the 
distance betWeen this plane and the LED chip. Therefore, if 
the distance from the LED chip to the light guide’s polished 
face is reduced from 3 mm to 2 mm, an increase in light 
density (light per unit area) of 2.25 times is achieved. To 
further improve the amount of light coupled into light guide 
200, an index matching material (not shoWn) can be placed 
betWeen the LED’s dome lens 900 and light guide 200. 

[0028] FIG. 4 depicts yet another embodiment of the 
invention in Which LED dome lens 900 is partially removed 
so as to expose the LED’s silicone encapsulent material 300 
that encapsulates LED chip 600 and phosphor 500. Light 
guide 200 can then be immersed in the LED’s index match 
ing material 300, and placed in close proximity to the 
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emitting surface of the LED. This can be accomplished 
Without the need to disturb the original index matching 
material 300, thereby avoiding the possibility of introducing 
air bubbles Within the optical path. Care should be taken so 
as not to introduce air betWeen light guide 200 and silicone 
encapsulent 300. This can be accomplished by assembling 
the components in a vacuum glove box, or by inclining light 
guide 200 at a slight angle When placing it in silicone 
encapsulent material 300. As light guide 200 is loWered into 
silicone encapsulent 300, the ?ber is sloWly inclined back 
toWards perpendicularity With respect to LED chip 600 
Without trapping air bubbles at the interface. Sleeve 1000 
can then be inserted over ferrule 100 and the LED assembly, 
and fastened in place either With adhesives or by mechanical 
means. This Will hold light guide 200 in place and prevent 
silicone encapsulent 300 from ?oWing out of modi?ed dome 
lens 900 at a later time. Sleeve 1000 is optional. 

[0029] In some instances, it is desirable to employ an 
index matching material betWeen the ?ber bundle and the 
LED chip, or the combination of the LED chip and its 
phosphor. The index matching material helps to couple the 
emitted light into the light guide, and typically has an index 
of refraction betWeen that of the light emitting surface and 
that of the light guide. The material can be a gel. Examples 
of When an index matching material is desirable are: When 
the emitting surface is a substrate that the LED chip is 
mounted to, such as sapphire (n=l.76, Where “n” is the 
refractive index), or When the LED chip is the emitting 
surface and it possesses a high refractive index. Examples of 
LED chips With very high refractive indices include chips 
manufactured from gallium nitride (n=2.5), gallium phos 
phide (n=3.3l), and gallium arsenide (n=4.02). The amount 
of light coupled into the light guide from the LED can be 
increased, potentially by up to a factor of tWo, When an 
appropriate index matching material is employed betWeen 
the LED and the ?ber. The index matching material may also 
substitute for the silicone encapsulent 300; the silicone 
encapsulent 300 being a speci?c type of index matching 
material. 

[0030] While the preferred embodiment of this invention 
utiliZes a Luxeon 111 LED With a 1 mm square emitting 
surface, other LED package designs also lend themselves to 
the inventive technique of capturing light by a light guide, 
Which may be accomplished With a ?ber bundle. Some 
examples of these other package designs include the indus 
try standard Tl i(3 mm) and Tl% (5 mm) packages in 
Which the LED chip is enclosed in an epoxy dome lens. It 
is readily apparent to those skilled in the art to understand 
hoW the epoxy package can be removed doWn to the level of 
the LED chip and coupled to the light guide. Similarly, the 
?at package design of the Microsemi (Microsemi Corpora 
tion, 580 Pleasant Street, WatertoWn, Mass. 02472) 
UPW3LEDxx readily lends itself to ?ber coupling by 
directly bonding the light guide ?ber to the face of the 
WindoW adjacent to the LED chip, With or Without an index 
matching material betWeen the WindoW and the ?ber as is 
described in FIG. 4, substituting an index matching gel for 
the silicone encapsulent. 

[0031] FIG. 5 depicts the mounting of the light source 
(e.g., LED) in a handle 1100 of a nasopharyngoscope. After 
removing the packing to expose the LED chip 600 as 
described above, the LED is attached to an aluminum 
endoscope chassis 1200 and handle via tWo nylon screWs 
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1300. The interface of the LED to the aluminum chassis is 
coated With a thin layer of thermally conductive grease to 
facilitate conduction of the heat from the LED’s heat sink 
700 into the endoscope chassis 1200 and handle 1100 Where 
it is dissipated by convection. The light guide ferrule 100 is 
aligned With the LED’ s emitting surface by moving the LED 
in the X-Y plane before it is secured to the chassis 1200 by 
the screWs 1300. A photodiode measures the output of the 
light guide cable 200 during this process. Once a maximum 
is reached in the light guide’s output, the screWs 1300 are 
tightened, securing the LED in place. The light guide 200 is 
then loWered until it comes into contact With the surface of 
the LED’s emitting surface, and secured to the chassis by 
epoxy. 

[0032] PoWer for the LED is supplied by a rechargeable 
lithium ion battery. The battery is connected to the endo 
scope handle via a DC connector mounted in the handle, 
occupying the traditional position of a light guide umbilical 
cable or light guide post. TWo multistrand Wires connect the 
LED to the battery connector. PoWer from the battery is 
unregulated in one embodiment, but can be conditioned by 
a pulse Width modulation circuit in other embodiments to 
provide a more constant poWer to the LED. Because the 
nominal operating voltage of the LED is 3.6V and the 
lithium ion battery, fully charged, is nominally 3.6-3.9V the 
LED operates initially at full poWer (about 800 mA of 
current) and sloWly decreases in poWer as the battery’s 
voltage and current drop. With a 1650 mA-hour lithium ion 
battery, this provides approximately 2 hours of useful light 
output for the endoscope before the battery requires recharg 
mg. 

[0033] Other embodiments Will occur to those skilled in 
the art and are Within the folloWing claims. 

What is claimed is: 
1-17. (canceled) 
18. An endoscope comprising: 

an endoscope body including a light guide extending 
therethrough, the light guide having an illumination 
end and a contact end; 

a thermally conductive handle attached to the endoscope 
body; and 

a light source With an exposed light source chip posi 
tioned on the thermally conductive handle to remove 
heat from the light source, the exposed light source chip 
in contact With the contact end of the light guide. 

19. The endoscope of claim 18, Wherein the light source 
is battery poWered. 

20. The endoscope of claim 19, Wherein the battery 
poWered light source is conditioned to provide constant 
poWer to the exposed light source chip. 

21. The endoscope of claim 20, Wherein the battery 
poWered light source is conditioned by a pulse Width modu 
lation circuit. 

22. The endoscope of claim 18, Wherein the thermally 
conductive handle includes a chassis. 

23. An endoscope handle comprising: 

a thermally conductive handle; 

a light source With an exposed light source chip posi 
tioned on the thermally conductive handle to remove 
heat from the light source; and 
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a light guide including an illumination end and a contact 
end, the contact end of the light guide positioned on the 
exposed light source chip. 

24. The endoscope handle of claim 23, Wherein the light 
source is battery poWered. 

25. The endoscope handle of claim 24, Wherein the battery 
poWered light source is conditioned to provide constant 
poWer to the exposed light source chip. 

26. The endoscope handle of claim 25, Wherein the battery 
poWered light source is conditioned by a pulse Width modu 
lation circuit. 

27. The endoscope handle of claim 23, Wherein the 
thermally conductive handle includes a chassis. 

28. An endoscope comprising: 

a thermally conductive handle; 

a light guide including an illumination end and a contact 
end; and 
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a light source With an exposed light source chip, the light 
source secured to the thermally conductive handle at a 

position in Which a maximum light output is measured 
at the contact end of the light guide. 

29. The endoscope of claim 28, Wherein the light source 
is battery poWered. 

30. The endoscope of claim 29, Wherein the battery 
poWered light source is conditioned to provide constant 
poWer to the exposed light source chip. 

31. The endoscope of claim 30, Wherein the battery 
poWered light source is conditioned by a pulse Width modu 
lation circuit. 

32. The endoscope of claim 28, Wherein the thermally 
conductive handle includes a chassis. 


