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LIGHT SOURCE FOR BORESCOPES AND
ENDOSCOPES

[0001] The present invention relates generally to bores-
copes and endoscopes, which are well-known optical
devices for viewing objects at remote or inaccessible loca-
tions. Borescopes and endoscopes usually incorporate
means to illuminate the field of view. This typically consists
of a bundle of optical fibres for transmitting light from a
light source, located externally of the device, through the
device and out of an illumination port. The present invention
relates to an improved means of providing illumination of
the field of view.

[0002] Accordingly, the present invention provides an
apparatus for use as a borescope or endoscope for viewing
an object at a remote or inaccessible location, comprising a
tube having a proximal end a distal end, means in the tube
for obtaining an image of an object and transmitting it to a
viewing device, and illumination means comprising an array
of light emitting diodes (LEDs) mounted on a substrate and
covered by a common protective shield of optically clear
material.

[0003] In this way, an external light source and a conven-
tional light guide for transmitting its light to a bundle of
optical fibres in the tube is unnecessary. This greatly reduces
the light losses, ensuring that more of the light from the light
source is available to illuminate the field of view.

[0004] In one embodiment, the array of LEDs is posi-
tioned at the distal end of the tube adjacent a viewing port
provided in the tube.

[0005] Alternatively, the illumination means further
includes a plurality of optical fibres for transmitting light
through the tube from the proximal end to the distal end,
wherein the fibres are arranged in annular form and present
an annular end face at the proximal end of the tube, wherein
the array of LEDs is annular and is positioned at the
proximal end of the tube facing the annular end face of the
fibres.

[0006] In either embodiment, the protective shield may be
shaped so as to form a lens to focus light produced by the
LEDs.

[0007] Alternatively, a separate lens may be positioned in
front of the array in order to focus light produced by the light
emitting diodes.

[0008] If an annular array of light emitting diodes is used,
an annular light pipe may be positioned between the array
and the end face of the optical fibres for transmitting light
from the array to the fibres.

[0009] In this case, the distal end of the light pipe may be
shaped to form a lens to focus light onto the end face of the
fibres.

[0010] Alternatively, a separate lens may be positioned
between the light pipe and the end face of the optical fibres.

[0011] Cooling means may be provided to dissipate any
heat produced by the array of LEDs.

[0012] The LEDs may emit white light. Alternatively, they
may emit blue light, in which case the protective shield
preferably incorporates white or yellow phosphor, whereby
the array as a whole provides white light.
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[0013] Alternatively, the array may comprise a plurality of
differently coloured LEDs operable in combination to pro-
duced white light.

[0014] In particular, the array may comprise a mixture of
LEDs operable to produce red, green or blue light and means
to operate the LEDs s0 as to provide light which sequentially
alternates between red, green and blue.

[0015] In further alternative embodiments, the LEDs may
produce infra red light or ultraviolet light.

[0016] Preferably, the array includes at least fifty LEDs,
and more preferably at least eighty LEDs.

[0017] 1If the array is provided at the proximal end of the
tube, it may be incorporated in an assembly which is
detachable from the tube.

[0018] The invention will now be described in detail, by
way of example only, with reference to the accompanying
drawings in which:

[0019] FIG. 1 illustrates in cross section part of an array
of LEDs;
[0020] FIG. 2 illustrates a side and end view of a first

embodiment of the invention including an array at the distal
end of the borescope or endoscope;

[0021] FIG. 3 illustrates a perspective view of a second
embodiment of the invention, also with the array at the distal
end;

[0022] FIG. 4 illustrates a side and end view of a third
embodiment of the invention, also with the array at the distal
end;

[0023] FIG. 5 illustrates a side and end view of a fourth
embodiment of the invention, also with the array at the distal
end;

[0024] FIG. 6 illustrates a perspective view of a fifth
embodiment of the invention, with the array at the proximal
end of the borescope or endoscope;

[0025] FIG. 7 illustrates a cross sectional view of a sixth
embodiment of the invention, with the array at the proximal
end;

[0026] FIG. 8 illustrates a cross sectional view of a
seventh embodiment of the invention, with the array at the
proximal end,

[0027] FIG. 9 illustrates a cross sectional view of an
eighth embodiment of the invention, with the array at the
proximal end,

[0028] FIG. 10 illustrates a cross sectional view of a ninth
embodiment of the invention, with the array at the proximal
end;

[0029] FIG. 11 illustrates a cross sectional view of a tenth
embodiment of the invention, with the array at the proximal
end.

[0030] A typical borescope or endoscope comprises a
tube, which may be rigid or flexible, having a distal end
which is inserted in use into, for example, a machine or a
human body. A viewing port is provided in the distal end of
the tube through which an object may be viewed. An optical
train may be provided in the tube for transferring an image
of the object from the distal end to the proximal end. An
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ocular assembly at the proximal end focuses the image onto
the eye of an observer or onto a camera attachment for
display on a screen. Alternatively, an image to video con-
version device, such as a CCD chip may be provided in the
distal end of the tube, with appropriate wiring passing from
the chip along the tube.

[0031] To enable viewing of the object, it is usually
necessary to provide some form of illumination. Typically,
this consists of a bundle of optical fibres running through the
tube to an illumination port adjacent the viewing port.

[0032] In conventional borescopes or endoscopes, the
bundle of optical fibres runs down one side of the insertion
tube, with an optical train extending down the other side of
the tube, both being eccentric to the longitudinal axis of the
tube. An external light source is connected to the bundle of
optical fibres by means of a light guide. In conventional
orbital scan scopes in which the insertion tube is rotatable
about its longitudinal axis, this arrangement can lead to
misalignment of the light guide with the optical bundle
during rotation.

[0033] The external light source is typically a conven-
tional high wattage bulb producing very bright light and a
light guide for transmitting this light into the scope and to
the optical fibres. Because the bulb is linked to the optical
fibres by a conventional light guide there can be light losses
of up to 70%, dramatically reducing the illumination avail-
able at the distal end of the scope.

[0034] The present invention employs an alternative light
source within the borescope or endoscope, to avoid the need
for an external light source and light guide. In particular, the
present invention employs a dense array of light emitting
diodes (LEDs) as the light source.

[0035] Conventionally, an LED is thought of as a tiny
silicon chip with metal connections which is encapsulated in
a clear epoxy substance to provide a lens. In the present
invention, in order to increase the density of LEDs which
can be mounted on a substrate, a stripped down version of
an LED is used, as illustrated in FIG. 1. This is essentially
the LED chip 10 without the epoxy encapsulation. These
LED chips 10 are mounted on a ceramic substrate 12 by
means of a thermally and electrically conductive glue 14
which serves as one of the connections for the LED chip 10.
A gold bond wire 16 is attached to the top of each LED chip
10 and connected with gold circuit tracks (not shown) on the
substrate 12 to provide the other connection for the LED
chip 10.

[0036] A protective layer 18 of optically clear glue such as
epoxy is then provided to cover all of the LED chips 10
mounted on the same substrate.

[0037] A first embodiment of the present invention is
shown in FIG. 2. Here, an array 20 of LED chips 10 is
provided at the distal end of the insertion tube 22 of a
borescope or endoscope 24, adjacent to the viewing port 26.
In this example, the scope 24 is a lateral viewing scope in
which the field of view is to the side and thus the LED array
20 is also arranged to direct light to the side. It will be
apparent that, although the array 20 is shown positioned
distally of the viewing port 26 it could also be positioned
proximally.

[0038] To dissipate any heat generated by the array 20, a
heat sink and cooling means, such as fins (not shown) may
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be provided on the substrate 12 of the array 20 and/or a
portion 28 of the insertion tube 22 on which the substrate 12
itself is mounted.

[0039] In a second embodiment shown in FIG. 3 a for-
ward viewing scope 24 is provided with a viewing port 26
providing a field of view in the direction of the longitudinal
axis of the insertion tube 22. In this case, the LED array 20
may conveniently be in annular form, surrounding the
viewing port 26.

[0040] Tt may be desirable to focus the light produced by
the array 20. Focussing can be achieved in a number of
ways. As shown in FIG. 4, the protective layer of optically
clear glue 18 which covers the LED chips 10 may be shaped
to act as a lens 30.

[0041] Alternatively, as shown in FIG. 5, a separate lens
32 may be provided in front of the array 20. Although not
illustrated, either of these focussing methods can be incor-
porated in the forward viewing embodiment as shown in
FIG. 3.

[0042] In some cases, it may be preferred not to place the
array 20 at the distal end of the scope 24 but at the proximal
end. One example of such an arrangement is illustrated in
FIG. 6 which shows the proximal end of scope 24. In this
embodiment, an optical train 34, e.g. a series of lenses,
transmits an image from the distal end (not shown) of the
scope 24 to the proximal end and onto, in this case, a camera
attachment 36 (or an eyepiece assembly for direct viewing).

[0043] To illuminate the field of view, a bundle of optical
fibres 40 is provided in annular form extending along the
scope 24 surrounding and concentric with the optical train
34. Thus, the fibres present an annular end face 38 at the
proximal end of the scope 24. To provide illumination, an
annular LED array is provided adjacent to the end face 38.
As shown, the substrate 12 of the array 20 is also annular to
allow the camera attachment 36 or eyepiece components etc
to be positioned aligned with the optical train 34.

[0044] An annular light pipe 42 may be provided between
the array 20 and the end face 38 as shown in FIG. 7 to
collect light produced by the array 20 and transmit it to the
fibres 40. FIG. 7 (and FIGS. §-11) shows one side of the
proximal end of the scope, the other side corresponding so
as to be symmetrical about the longitudinal axis X-X of the
tube 22. A light pipe 42 usually consists of a hollow tube of
optical grade material such as plastic or glass which trans-
mits light with very few losses due to total internal reflec-
tion.

[0045] The distal end of the light pipe 42 may be shaped
to form a lens 44 as seen in FIG. 8, in order to focus the light
onto the end face 38 of the fibres. Alternatively, a separate

focussing ring lens 32 may be provided between the light
pipe 42 and the end face 38 as seen in FIG. 9.

[0046] As another alternative, the light pipe 42 may be
dispensed with altogether and a separate ring lens 32 alone
may be provided between the array 20 and the end face 38
as shown in FIG. 10.

[0047] Another possibility is for the protective layer 18 of
the array 20 to be shaped so as to form a focussing lens 30,
as shown in FIG. 11.

[0048] In the embodiments of FIGS. 6-11, the LED chips
10 are typically arranged in a single circle with the diameter
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of a circle running through the centres of the chips in the
order of 15 mm. The array preferably includes at least 50 and
more preferably between 80 and 90 LEDs. Each LED chip
10 is typically in the order of 0.3 mm sq.

[0049] The LED chips 10 used in, the array 20 may be
those which emit white light from the semi-conductor itself.
Alternatively, LED chips 10 which produce blue light can be
used, in which case white or yellow phosphor is incorpo-
rated in the protective shield 18 with the result that the white
light is emitted from the array 20 overall.

[0050] Tt is also possible to use a mixture of red, green and
blue LEDs on the same substrate 12 which act in combina-
tion to provide white light from the array 20 as a whole.
Using red, green and blue LEDs also provides the possibility
of strobing the light. In some conventional endoscope sys-
tems it is known to use a white light source with a rotating
filter wheel carrying red, green and blue filters positioned
between the light source and the optical fibres. The result is
that light transmitted from the end of the scope over the field
of view alternates between red, green and blue. A mono-
chrome camera is then used to gather an image of the field
of view and a special processor converts the picture pro-
vided by the camera into colour. This known arrangement
provides very high resolution pictures with good colour, but
requires sufficient space to accommodate the filter wheel and
motor as well as complicated synchronisation circuitry. It is
therefore relatively expensive.

[0051] In the present invention, the filter wheel, drive
motor and synchronisation circuitry can be avoided by using
red, green and blue LEDs which are strobed, i.e. operated
sequentially, typically about 50 Hz, by a specialised power
supply system. As before, this provides alternating red,
green and blue light at the distal end of the scope and a
monochrome camera and suitable processor can be used to
provide full colour images. This arrangement is cheaper and
more compact than the prior art and usually produce better
colours and resolution than a system using white light and a
colour imager.

[0052] Other types LED could also be employed. For
example, LED chips 10 producing infra red light could be
used to form a type of thermal image with appropriate
specialised image equipment. Alternatively, LED chips 10
producing ultraviolet light could be employed to allow the
use of the borescope or endoscope in dye penetrant and
magnetic particle testing.

[0053] In those embodiments in which the array 20 is
provided at the proximal end of the scope, the array and
focussing lens or light pipe etc may be included as an
integral part of the scope 24. Alternatively, they may be
provided as components in a separate module which is
detachable from the scope 24 as required.

[0054] As those skilled in the art will appreciate, the
present invention provides an improved arrangement for
providing illumination via a borescope or endoscope, which
reduces light losses, is very compact and does not interfere
with positioning of the other components in the scope. It will
be apparent that a number of variations and modifications
may be made to the particular embodiments described,
without departing from the scope of the present invention.

1. Apparatus for use as a borescope or endoscope for
viewing an object at a remote or inaccessible location,

Dec. 19, 2002

comprising a tube having a proximal end and a distal end,
means in the tube for obtaining an image of an object and
transmitting it to a viewing device, and illumination means
comprising an array of light emitting diodes (LEDs)
mounted on a substrate and covered by a common protective
shield of optically clear material.

2. Apparatus as claimed in claim 1, wherein the array is
positioned at the distal end of the tube adjacent a viewing
port provided in the tube.

3. Apparatus as claimed in claim 1, wherein the illumi-
nation means further comprises a plurality of optical fibres
for transmitting light through the tube from the proximal end
to the distal end, wherein the fibres are arranged in annular
form and present an annular end face at the proximal end of
the tube, and wherein the array of light emitting diodes is
annular and is positioned at the proximal end of the tube
facing the annular end face of the fibres.

4. Apparatus as claimed in any of claims 1-3, wherein the
protective shield is shaped to form a lens to focus light
produced by the LEDs.

5. Apparatus as claimed in new claims 1-3, wherein a lens
is positioned in front of the array to focus light produced by
the LEDs.

6. Apparatus as claimed in claim 3, wherein an annular
light pipe is positioned between the annular array and the
annular end face for transmitting light from the array to the
optical fibres.

7. Apparatus as claimed in claim 6, wherein the proximal
end of the light pipe is shaped so as to form a lens to focus
light onto the end face of the fibres.

8. Apparatus as claimed in claim 6, wherein a separate
lens is positioned between the light pipe and the end face of
the fibres to focus light onto the end face.

9. Apparatus as claimed in any preceding claim, further
comprising cooling means to dissipate heat produced by the
array.

10. Apparatus as claimed in any preceding claim, wherein
the LEDs emit white light.

11. Apparatus as claimed in any of claims 1-9, wherein the
LEDs emit blue light and the protective shield incorporates
white or yellow phosphor whereby the array produces white
light.

12. Apparatus as claimed in any of claims 1-9, wherein the
array comprises LEDs emitting different colours, operable in
combination to produce white light.

13. Apparatus as claimed in claim 12, wherein the array
includes LEDs operable to produce red, green and blue light
and means to operate the LEDs sequentially so as to provide
light which sequentially alternates between red, green and
blue.

14. Apparatus as claimed in any of claims 1-9 wherein the
LEDs produce infra-red light.

15. Apparatus as claimed in any of claims 1-9 in which the
LEDs produce ultra-violet light.

16. Apparatus as claimed in any preceding claim, wherein
the array includes at least 50 LEDs.

17. Apparatus as claimed in any preceding claim, wherein
the array includes at least 80 LEDs.

18. Apparatus as claimed in claim 3, wherein the array is
incorporated in an assembly detachable from the tube.

19. Apparatus substantially as hereinbefore described
with reference to the accompanying drawings.
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