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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to an electronic endoscope.
2. Description of the Related Art

[0002] Inrecentyears, the following technology is being put into practical use. That is, an electronic endoscope having
a solid-state imaging device has been used to diagnose lesions of living tissues based on images obtained by applying
excitation light onto a site, under observation, of a living tissue and imaging autofluorescence produced in the living
tissue by the excitation light or fluorescence of an agent injected into a living body.

[0003] With respect to the autofluorescence of living tissue, when excitation light at a wavelength of about 405nm is
applied onto the living tissue, for example, normal tissue will produce green fluorescence at a wavelength of about
520nm. In contrast, a lesion tissue such as cancer will not produce fluorescence or the fluorescence produced will be
weak. Therefore, the lesion can be diagnosed.

[0004] With respect to the fluorescence of the agents, fluorescent materials such as hematoporphyrin derivatives and
ALA (8-aminolevulinic acid) are used. These fluorescent materials will produce red fluorescence at a wavelength of
about 630nm when excitation light at a wavelength of about 405nm is applied thereto. These fluorescent materials tend
to accumulate in lesion tissues such as cancer. Therefore, the lesion can be diagnosed.

[0005] Various types of electronic endoscopes have been proposed to perform the above-mentioned fluorescence
observation and normal observation to apply white light onto a living tissue and image reflected/scattered light (for
example, see JP Hei.8-140928 A (corresponding to U.S. Patent No0s.6,099,466 and 6,471,636), JP Hei.9-70384 A
(corresponding to U.S. Patent Nos.6,099,466 and 6,471,636) and JP 2003-79570A (corresponding to US 2003/0050532
A).

[0006] JP Hei.8-140928 A describes an electronic endoscope provided with two solid-state imaging devices at a distal
end of the endoscope for normal observation and fluorescence observation.

[0007] JP Hei.9-70384 A describes an electronic endoscope provided with two solid-state imaging device at a distal
end of the endoscope for normal observation and fluorescence observation. A supersensitive solid-state imaging device
is used as the solid-state imaging device for fluorescence observation.

[0008] JP 2003-79570 A describes an electronic endoscope using one solid-state imaging device with a variable
charge multiplication factor. The one imaging device performs normal observation and fluorescence observation by
changing the charge multiplication factor between the normal observation and the fluorescence observation.

[0009] When two solid-state imaging device for the normal observation and the fluorescence observation are provided
at the distal end of the endoscope as described in JP Hei.8-140928 A and JP Hei.9-70384 A, it is difficult to reduce a
size of the distal end of the endoscope.

[0010] Furthermore, anintensity of the autofluorescence of the living tissue or the fluorescence of the agentis extremely
weak compared to that of the excitation light reflected/scattered by the living tissue. Therefore, the endoscopes described
in JP Hei.8-140928 A and JP Hei.9-70384 A have a filter for passing only the fluorescence which is disposed between
the solid-state imaging device for fluorescence observation and an objective optical system for guiding feedback light
(reflected/scattered light or fluorescence) from the living tissue to the solid-state imaging device. The endoscope de-
scribed in JP 2003-79570 A has a filter for cutting the excitation light which is disposed between the solid-state imaging
device and an objective optical system.

[0011] In the endoscope described in JP 2003-79570 A which performs normal observation and fluorescence obser-
vation with the same solid-state imaging device, since the excitation light cutting filter is disposed between the solid-
state imaging device and the objective optical system, color information corresponding to the wavelength of the excitation
light is lost in normal observation.

[0012] Furthermore, theintensity of the autofluorescence of the living tissue or the fluorescence of the agent is extremely
weak even compared to that of the reflected/scattered lightimaged in normal observation. Then, in order to obtain images
having appropriate brightness for both the normal observation and the fluorescence observation, the endoscope de-
scribed in JP Hei.9-70384 A uses a supersensitive solid-state imaging device for the fluorescence observation, while
that described in JP 2003-79570 A uses a solid-state imaging device with the variable charge multiplication factor.
However, both of them are expensive.

[0013] EP-A-1099 405 disclosed an electronic endoscope having a filter for blocking or cutting off excitation light. The
filter is not included in the solid-state imaging device.

[0014] WO-A-02/07587 discloses an endoscope which also makes use of a cut-off filter.
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[0015] US-A-6 395 576 discloses a colour filter arrangement to improve colour balance in semiconductor imaging
devices.

SUMMARY OF THE INVENTION

[0016] One embodiment of the present invention has been made in view of the above-described circumstances, and
provides an electronic endoscope which performs normal observation and fluorescence observation with the same
solid-state imaging device and is capable of avoiding that color information is lost in normal observation.

[0017] According to an aspect of the invention, an electronic endoscope includes the features of claim 1.

[0018] With the above configurations, normal observation and fluorescence observation are performed with the same
solid-state imaging device by having the illumination section to switch between the white light and the excitation light for
application. By only lowering the sensitivities, to the excitation light, of the pixels which are sensitive to the fluorescence
produced by the subject onto which the excitation light is applied, and making the light guided by the objective optical
system incident directly onto the solid-state imaging element, the loss of the color information corresponding to the
excitation light can be avoided in the normal observation, and the fluorescence can be imaged while the pixel saturation
caused by the excitation light in the fluorescence observation is prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is a diagram which illustrates an example of an electronic endoscope, for explaining an embodiment of the
present invention;

Fig. 2 is a diagram which illustrates, in detail, the electronic endoscope shown in Fig. 1;

Fig. 3 is a diagram which illustrates the spectrum of white light emitted by the electronic endoscope in Fig. 1;

Fig. 4 is a diagram which schematically illustrates a solid-state imaging device shown in Fig. 2;

Fig. 5 is a diagram which illustrates, in detail, pixels contained in the solid-state imaging device shown in Fig. 4;
Fig. 6 is a diagram which illustrates the spectral sensitivity profiles of the pixels contained in the solid-state imaging
device shown in Fig. 4;

Fig. 7 is a diagram which conceptually illustrates a modification example of the electronic endoscope shown in Fig. 1;
Fig. 8 is a diagram which conceptually illustrates another modification example of the electronic endoscope shown
in Fig. 1;

Fig. 9 is a diagram which conceptually illustrates further another modification example of the electronic endoscope
shown in Fig. 1;

Fig. 10 is a diagram which conceptually illustrates still further another modification example of the electronic endo-
scope shown in Fig. 1;

Fig. 11 is a diagram which schematically illustrates the structure of image data generated by an image generating
section of the electronic endoscope in Fig. 1; and

Fig. 12 is a diagram which conceptually illustrates still further another modification example of the electronic endo-
scope shown in Fig. 1.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0020] Fig. 1 illustrates an example of an electronic endoscope.

[0021] As shown in Fig. 1, the electronic endoscope 1 includes an endoscope body 2, a light source unit 3 and a
processor unit4 which are connected to the endoscope body 2, and a monitor 5 which is connected to the processor unit4.
[0022] The endoscope body 2 has an insertion portion 10 which is to be inserted into a subject, an operation portion
11 from which the insertion portion 10 extends, and a universal cord 12 which extends from the operation portion 11.
The endoscope body 2 is connected to the light source unit 3 and the processor unit 4 via the universal cord 12.
[0023] The insertion portion 10 has a distal end portion 20, a bent portion 21, and a flexible portion 22. The bent portion
21 extends from a base end of the distal end portion 20, and can be bent vertically and horizontally. The flexible portion
22 connects the bent portion 21 and the operation portion 11.

[0024] A bending operation portion 23 which operates the bending of the bent portion 21 is provided on the operation
portion 11. The bending operation portion 23 has two bending operation knobs to be rotated. One of the bending operation
knobs operates the bent portion 21 to vertically bend, while the other operates the bent portion 21 to horizontally bend.
[0025] Fig. 2 illustrates, in detail the electronic endoscope 1.

[0026] As shown in Fig. 2, the light source unit 3 has a first light source 30, a second light source 31, and a CPU 32.
[0027] Thefirstlight source 30 has a semiconductor light emitting element which emits blue laser light having its center
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wavelength at about 455nm. The blue laser light emitted from the first light source 30 excites a phosphor which will be
described later and which is provided at the distal end portion 20 of the insertion portion 10 of the endoscope body 2
(see Fig. 1), to produce white light for normal observation in conjunction with fluorescence produced in the phosphor.
[0028] The second light source 31 has a semiconductor light emitting element which emits blue laser light having its
center wavelength at about 405nm. The blue laser light emitted from the second light source 31 is excitation light for
fluorescence observation and causes the subject to produce fluorescence. Hereinafter, the blue laser light emitted from
the second light source 31 may be referred to as the "excitation light".

[0029] The above-mentioned semiconductor light emitting elements used in the first light source 30 and the second
light source 31 are, for example, broad-area InGaN-based laser diodes, InGaNAs-based laser diodes, and GaNAs-
based laser diodes.

[0030] CPU 32 controls turning on/off of the first light source 30 and second light source 31.

[0031] The blue laser light emitted from the first light source 30 is incident on one end of an optical fiber 33, and the
excitation light emitted from the second light source 31 is incident on one end of an optical fiber 34. These optical fibers
33, 34 reach the distal end 20 of the insertion portion 10 via the universal cord 12 and operation portion 11 of the
endoscope body 2. The blue laser light emitted from the first light source 30 and the excitation light emitted from the
second light source 31 are transmitted to the distal end 20 by the optical fibers 33 and 34, respectively.

[0032] The optical fibers 33 and 34 are multimode fibers. For example, the optical fibers 33 and 34 may be thin fiber
cables having a diameter of 0.3 to 0.5 mm which includes a core diameter of 105 um, a cladding diameter of 125 pum,
and a protection layer serving as a sheath.

[0033] At the distal end portion 20 of the insertion portion 10 of the endoscope body 2 (see Fig. 1), a phosphor 40, an
illumination optical system 41, an objective optical system 42, and an imaging unit 43 are provided.

[0034] The phosphor 40 is provided at a distal end portion of the optical fiber 33 for transmitting the blue laser light
emitted from the first light source 30. This phosphor 40 has one or more kinds of fluorescent materials which absorb a
part of the blue laser light from the first light source 30 and are excited to emit light in a range of green to yellow.
[0035] Examples of the fluorescent material includes a YAG(Y3A450,)-based fluorescent material, and a
BAM(BaMgAl,707)-based fluorescent material. These fluorescent materials can prevent superposition the noise re-
sulting from speckles due to the coherency of laser light which may harm imaging, and flickers when moving images
are displayed. In view of a refractive index difference between the fluorescent material of the phosphor and the fixing/
curing resin serving as fillers, the phosphor 40 is preferably composed of fluorescent materials whose grain diameter
relative to that of the fillers make them absorb infrared light weakly and scatter it strongly. Thus, the scatter effect is
enhanced without decreasing the intensity of red or infrared lights, and the optical loss becomes small.

[0036] The green to yellow fluorescence produced by the phosphor 40 and the blue laser light from the first light source
30 which passes through the phosphor 40 and is not absorbed are combined and constitute white light. If a semiconductor
light emitting element is used as an excitation light source as in this embodiment which has high luminous efficiency,
white light having high intensity can be achieved, and an intensity of the white light can be easily adjusted. Furthermore,
the change in color temperature of the white color and change in chromaticity of the white light can be kept small.
[0037] Here, the white light as referred to in this specification is not limited to light that contains strictly all wavelength
components of visible light, but includes in a broad sense light containing certain wavebands such as R, G, and B, for
example, light containing wavelength components ranging from green tored, and light containing wavelength components
ranging from blue to green.

[0038] Fig. 3 illustrates the spectrum of the white light emitted by the electronic endoscope 1.

[0039] As shown in Fig. 3, the blue laser light emitted from the first light source 30 is indicated by an emission line
having a center wavelength of about 445nm. The fluorescence of the phosphor 40 excited by that blue laser light roughly
has a spectral intensity distribution with luminous intensity increasing in the wavelength band of 450nm to 700nm. The
profiles of the excited light and blue laser light form the above-mentioned white light.

[0040] Referring to Fig. 2 again, the white light and/or the excitation light emitted from the second light source 31 and
transmitted by the optical fiber 34 is applied onto the subject through the illumination optical system 41. The feedback
light from the subject onto which the white light and/or the excitation light is applied, i.e. the white light and/or the excitation
light reflected/scattered by the subject, and the fluorescence produced by the subject onto which the excitation light is
applied, is collected by the objective optical system 42 and is incident on the imaging unit 43.

[0041] The imaging unit 43 has a solid-state imaging device 50, a drive circuit 51 for the solid-state imaging device
50,aCDS (Correlated Double Sampling) circuit52, a gain control circuit 53, an A/D converter 54, and a timing generator 55.
[0042] The solid-state imaging device 50 may be a CCD (Charge Coupled Device) imaging sensor, a CMOS (Com-
plementary Metal-Oxide Semiconductor) imaging sensor, or the like. The feedback (reflected and/or scattered) light from
the subject collected by the objective optical system 42 is incident from the objective optical system 42 directly (not
through a fluorescence passing filter, an excitation light cutting filter, or the like of the related art) onto the solid-state
imaging device 50, and forms an image on a light receiving area of the solid-state imaging device 50.

[0043] Charges corresponding to an amount of the received light are accumulated in pixels of the solid-state imaging
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device 50. The drive circuit 51 controls the accumulation of the charges in the pixels and reading-out of the charges
accumulated in the pixels. The charges read out from the pixels are converted into voltages and output from the solid-
state imaging device 50. Signals output from the solid-state imaging device 50 are subjected to the correlated double
sampling in the CDS circuit 52, then to the gain correction by the gain control circuit 53, and to the A/D conversion by
the A/D converter 54.

[0044] The timing generator (TG) 55 supplies clocks to the drive circuit 51, the CDS circuit 52, the gain control circuit
53, and the A/D converter 54, and controls a timing of the accumulation of the charges in the solid-state imaging device
50, a timing of the reading-out of the accumulated charges, a timing of the correlated double sampling by the CDS circuit
52, a timing of the gain correction by the gain control circuit 53, and a timing of the A/D conversion by the A/D converter
54. The clock supply by the TG 55 is controlled by the CPU 56 provided in the endoscope body 2.

[0045] The imaging signals output from the A/D converter 54 are sent to the processor unit 4 via a signal line 57 which
passes through the insertion portion 10, the operation portion 11, and the universal cord 12 to reach the processor unit 4.
[0046] The processor unit4 has an image processing section 60, and a CPU 61 for controlling that image processing
section 60. The image processing section 60 performs appropriate processing for the imaging signals to generate image
data, and displays an image reproduced from those image data on the monitor 5.

[0047] The CPU 56, 32, 61, which are provided in the endoscope body 2, the light source unit 3, and the processor
unit 4, respectively, communicate with each other to control the timings of illumination, imaging, and image generation.
[0048] The electronic endoscope 1 alternatively turns on the first light source 30 and the second light source 31 in the
light source unit 3, to switch between the white light and the excitation light and apply one of the white light and the
excitation ligth to the subject. Thereby, the normal observation and the fluorescence observation are performed.
[0049] In the normal observation, the first light source 30 in the light source unit 3 is turned on, and the white light is
applied onto the subject. Then, images obtained by imaging the white light reflected/scattered by the subject are displayed
on the monitor 5.

[0050] In the fluorescence observation, the second light source 31 in the light source unit 3 is turned on, and the
excitation light having the center wavelength of about 405nm is applied onto the subject. Then, images obtained by
imaging the fluorescence produced by the subject onto which the excitation light is applied are displayed on the monitor
5. The autofluorescence of the subject is green fluorescence having a wavelength of about 520nm, while the agent
fluorescence is red fluorescence having a wavelength of about 630nm.

[0051] Switching between the normal observation and the fluorescence observation may be implemented by, for
example, providing a switching button in the operation portion 11 and operating that button, or switching may be made
automatically in units of frames. In the case of switching automatically in units of frames, the images of the normal
observation and the images of the fluorescence observation may can be displayed on the monitor 5 simultaneously and
updated subsequently

[0052] Furthermore, the electronic endoscope 1 may perform special light observation in addition to the normal ob-
servation and fluorescence observation. As special light observation, examples include the case where short-wavelength
narrow-band light is used, the case where near-infrared light is used and the like. Since the short-wavelength narrow-
band light reaches only the extremely shallow part of the surface layer of the subject, subtle changes on the surface of
the subject may be recognized from images obtained by imaging its reflected/scattered light. Meanwhile, a deeper part
of the subject may be recognized from images obtained by imaging the reflected/scattered light of the near-infrared light.
The light source unit 3 may require a light source for emitting light corresponding to the special light observation. However,
for the special light observation with short-wavelength narrow-band light, blue laser light having the center wavelength
of 405nm, i.e. the above-mentioned excitation light may be used, and a light source may be shared between the fluo-
rescence observation and the special light observation.

[0053] Here, in the fluorescence observation, in addition to the fluorescence produced by the subject, the reflect-
ed/scattered light of the excitation light exciting that phosphor is also incident on the solid-state imaging device 50. As
described above, the intensity of the autofluorescence of the subject and the fluorescence of the agents is extremely
weak compared to that of the excitation light reflected/scattered by the subject. Therefore, among the plurality of pixels
contained in the solid-state imaging device 50, measures are taken to lower the sensitivity, to the excitation light, of the
pixels that are sensitive to the fluorescence.

[0054] Fig. 4 schematically illustrates the solid-state imaging device 50.

[0055] As shown in Fig. 4, a plurality of pixels 70 are arranged on the solid-state imaging device 50. Each pixel 70
has a light receiving element 71, and a color filter 76 covering the light receiving element 71.

[0056] The color filter 76 of each pixel 71 allows one of red light, green light, and blue light to pass therethrough. Each
pixel 71 is mainly sensitive to the light of the color corresponding to the color filter 76. Below, the color filter for allowing
red light to pass therethrough will be referred to as a "R filter", the color filter for allowing green light to pass therethrough
will be referred to as a "G filter", and the color filter for allowing blue light to pass therethrough will be referred to as a
"B filter", In the illustrated example, the arrangement of the R filters, G filters, and B filters follows the so-called Bayer
arrangement. However, the invention is not limited thereto. Here, an RGB primary-color-based imaging element having
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color filters for red, green, and blue is shown as an example. However, the invention is also not limited thereto. Instead,
a CMY complementary-color-based imaging element having color filters for cyan (C), magenta (M), and yellow (Y), or
a CMYG complementary-color-based imaging element further having color filters for green may be adopted.

[0057] In the case that the fluorescence is the autofluorescence of the subject, i.e. the green fluorescence at a wave-
length of about 520nm, the pixels sensitive to that fluorescence are those provided with the G filters. And, in the case
where the fluorescence is the fluorescence of the agents, i.e. the red fluorescence at a wavelength of about 630nm, the
pixels sensitive to that fluorescence are those provided with the R filters.

[0058] As described above, the colors of the pixels to detect fluorescence vary depending on a difference between
the autofluorescence and the agent fluorescence, the types of the fluorescent agents used for the agent fluorescence,
and the like.

[0059] Here, the case where the fluorescence is the autofluorescence from the subject and the sensitivity to the
excitation light of the pixels provided with the G filters sensitive to that fluorescence is lowered will be described first.
[0060] Fig. 5 illustrates, in detail, the pixels 70 contained in the solid-state imaging device 50.

[0061] As shown in Fig. 5, each pixel 70 has a light receiving element 71 and a charge transferring portion 72 which
are formed on a surface of a semiconductor substrate 79. Each pixel 70 also has a surface protection film 73 covering
the light receiving element 71 and the charge transferring portion 72, a light shielding film 74 formed on the protection
film 73, a colorfilter 76 formed above the light shielding film 74 with a flattening insulation film 75 sandwiched therebetween,
and a microlens 78 formed above the color filter 76 with a flattening insulation film 77 sandwiched therebetween. In the
illustrated example, the R filter, the G filter, and the B filter are shown to be arranged in aline, but this is for the convenience
of description. In fact, they follow the arrangement shown in Fig. 4. Among the color filters 76, the G filter is formed
thicker than the R filter and the B filter. In the illustrated example, the G filter is about 2 times as thick as the R filter and
the B filter. The R filter, G filter, and B filter typically are resists which are colored in response to the colors of the filters
to be formed, and are formed by exposure in the photolithography method and the development process. Therefore, for
example, by repeating resist-coating, exposing and developing plural times only for the G filter, it is possible to form the
G filter to be thicker than the R filter and B filter.

[0062] Fig. 6 illustrates the spectral sensitivity profiles of the pixels contained in the solid-state imaging device 50.
[0063] In Fig. 6, the dashed line shows the sensitivity profile of the pixel provided with the G filter which is formed
thicker than the R filter and the B filter, and the dot-dash line shows the sensitivity profile of the pixel provided with the
B filter, and the dot-dot-dash line shows the sensitivity profile of the pixel provided with the R filter. Furthermore, the
solid line shows the sensitivity profile of the pixel provided with the G filter which is formed in the same thickness as
those of the Rfilter and B filter. Each line shows a relative sensitivity by normalizing the sensitivity at a wavelength where
the sensitivity takes a maximum value as 1.

[0064] Typically, the sensitivity profile of each pixel is substantially mountain-shaped. The pixel provided with the G
filter sensitive to the autofluorescence of the subject (the green fluorescence at a wavelength of about 520nm) is also
sensitive, although very weakly, to the excitation light (the blue laser light having the center wavelength of about 405nm).
However, as the G filter becomes thicker, its transmissivity becomes lower, and less amount of the excitation light
reaches the light receiving element. As a result, the sensitivity to the incident excitation light of the pixel provided with
the G filter becomes lower.

[0065] As the thickness of a filter changes, the sensitivity changes in response to the power of the change in the
thickness. For example, it is assumed that the thickness T of the G filter is the same as the thickness t of the R filter and
B filter (T = t), the sensitivity to fluorescence is 0.8, while the sensitivity to excitation light is 0.01. If the thickness T of
the G filter is two times as large as the thickness t of the R filter and B filter (T = 2t), then the sensitivity to fluorescence
becomes 0.64, while the sensitivity to excitation light becomes 0.0001. In this way, by thickening the filter of a pixel
sensitive to fluorescence, the sensitivity to excitation light can be lowered dramatically compared to that to fluorescence.
[0066] Accordingly, even if the light guided by the objective optical system 42 is incident directly (not through the
fluorescence passing filter, the excitation light cutting filter, or the like as in the related art) onto the solid-state imaging
device 50, the fluorescence can still be imaged while the pixel saturation caused by the excitation light can be prevented
during the fluorescence observation. By making the light guided by the objective optical system 42 be incident directly
onto the solid-state imaging device 50, the loss of the color information corresponding to the excitation light can be
avoided in the normal observation and the special light observation.

[0067] Here, the intensity of the autofluorescence of the subject and/or the fluorescence of the agents imaged in the
fluorescence observation is extremely weak even compared to that of the reflected/scattered light of the white light
imaged in the normal observation. Therefore, in the case where the solid-state imaging device 50 is driven in the same
way in both of the fluorescence observation and normal observation, the average intensity of the image signals output
from the solid-state imaging device 50 in the fluorescence observation is lower than that in the normal observation.
Therefore, in the electronic endoscope 1, the intensity difference in imaging signal is compensated by the gain control
circuit 53 contained in the imaging unit 43.

[0068] In the normal observation and fluorescence observation, in the light source unit 3, the CPU 32 alternatively
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turns on the first light source 30 and the second light source 31. The CPU 56 provided in the endoscope body 2
communicates with the CPU 32 provided in the light source unit 3, and synchronizes with the CPU 32 to change the
amplification ratio of the gain control circuit 53 between the time when the first light source 30 is turned on and the time
when the second light source 31 is turned on, i.e. between the normal observation and the fluorescence observation.
The amplification ratio of the gain control circuit 53 is set higher in the fluorescence observation than in the normal
observation. The intensity difference between the imaging signal output from the solid-state imaging device 50 in the
normal observation and those in the fluorescence observation is compensated.

[0069] In the above-mentioned example, the gain correction is performed for the imaging signals before the A/D
conversion, but it is also possible to perform the gain correction in the image processing section 60 of the processor unit
4 for the imaging signals which have already been converted to digital signals by the A/D converter 54.

[0070] As described above, in the primary-color-based imaging element, the G filter is made thicker, while in a com-
plementary-color-based imaging element, it is preferable to make either or both of the Y filter and the G filter thicker as
described above.

[0071] With respect to the above-mentioned fluorescence observation of autofluorescence, when the fluorescence
produced from the fluorescence materials such as collagen contained in the living body by applying the excitation light
(390nm to 470nm) is observed, the produced fluorescence is extremely weak compared to the applied excitation light.
Therefore, selectively lowering the sensitivity to the excitation light component makes detection of the weak fluorescence
component be reliable, and more accurate endoscope diagnosis become possible. For the fluorescence observation of
autofluorescence, there is also a technology in which tumorous lesions and normal mucous membranes are highlighted
with different color tones by applying light at a wavelength which is absorbed by the hemoglobins in blood (540 nm to
560 nm). In this electronic endoscope 1, by appropriately providing necessary light sources in the light source unit 3,
various fluorescence observations become possible.

[0072] Next, the detection of agent fluorescence will be described. In this case, the fluorescence to be detected is the
fluorescence from agents. For the pixels provided with the R filters sensitive to that fluorescence, the sensitivity to
excitation light is lowered.

[0073] Forexample, there is a photodynamic diagnosis (PDD) in which malignant tumor sites are specified by admin-
istering fluorescent agents with an affinity for malignant tumors to a living body, applying light having a certain wavelength
after the fluorescent agents have been selectively accumulated in the tumorous tissues, and observing the produced
fluorescence. Examples of fluorescent agents in this case include photofrin, laserphyrin, and 5-ALA. Table 1 shows the
excitation light wavelengths for the agents and the wavelengths of the produced fluorescences. As shown in Table 1,
no matter which fluorescent agent of photofrin, laserphyrin, and 5-ALA is used, the blue laser light having the center
wavelength of 405nm may be used as the excitation light. In consideration of combinations with other fluorescent agents
not given as examples, the wavelength of the excitation light is preferably within the range of 390 to 410nm.

Table 1

agent name | excitation wavelength | fluorescence wavelength | PDT treatment light wavelength

Photofrin 405nm 630nm 630nm
Laserphyrin 405nm 670nm 664nm
5-ALA 405nm 636nm 630nm

[0074] Furthermore, itis also possible to detect both of the above-mentioned autofluorescence and the agent fluores-
cence simultaneously with the imaging device. That is to say, when blue laser light is applied as the excitation light,
autofluorescence from the living tissues thus obtained is detected by the pixels provided with the G filters, and the agent
fluorescence caused by the agents administered to the living body is detected by the pixels provided with the R filters.
In this case, because image information obtained by detecting the autofluorescence and image information obtained by
detecting the agent fluorescence are from the same imaging device, the image information can be aligned with each
other with high precision, and more accurate diagnosis is possible. Furthermore, because the image information are
displayed simultaneously, the change manner of the lesion and the like can be observed in realtime.

[0075] Fig. 7 conceptually illustrates a modification example of the electronic endoscope 1.

[0076] In the example shown in Fig. 7, the charge accumulation time in the plurality of pixels 70 contained in the
solid-state imaging device 50 in the normal observation is different from that in the fluorescence observation. Thus, the
intensity difference between imaging signals output from the solid-state imaging device 50 in the normal observation
and those in the fluorescence observation can be compensated.

[0077] As shown in Fig. 7, the frame rate, that is, the reading-out period of the charges accumulated respectively in
the plurality of pixels 70 contained in the solid-state imaging device 50, when the excitation light is applied in the
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fluorescence observation, is made lower or shorter than that when the white light is applied in the normal observation.
Therefore, the charge accumulation time in the pixels 70 when the excitation light is applied is longer than that when
the white light is applied, and even for the autofluorescence of the subject or the fluorescence of the agents which are
inferior in intensity compared to the reflected/scattered light of the white light, enough charges are accumulated in the
pixels 70. Thus, the intensity difference between the imaging signals output from the solid-state imaging device 50 in
the normal observation and those in fluorescence observation can be compensated.

[0078] Fig. 8 conceptually illustrates another modification example of the electronic endoscope 1.

[0079] In the example shown in Fig. 8, the charge accumulation time in the plurality of pixels 70 contained in the
solid-state imaging device 50 in the normal observation is also different from that in the fluorescence observation, and
the intensity difference between imaging signals output from the solid-state imaging device 50 in the normal observation
and those in the fluorescence observation is compensated, but the frame rate when the white light is applied in the
normal observation is the same as that when the excitation light is applied in the fluorescence observation.

[0080] As shown in Fig. 8, during the period when the white light is applied in the normal observation, the charges
produced respectively in the plurality of pixels 70 contained in the solid-state imaging device 50 are discharged for a
predetermined time shorter than that period. On the other hand, during the period when the excitation light is applied in
the fluorescence observation, charges are accumulated into the pixels 70 throughout the entire period without the charged
being discharged. Therefore, the charge accumulation time in the pixels 70 when the excitation light is applied is longer
than that when the white light is applied, and even for the autofluorescence of the subject or the fluorescence of the
agents which are inferior in intensity compared to the reflected/scattered light of the white light, enough charges are
accumulated in the pixels 70. Thus, the intensity difference between the imaging signals output from the solid-state
imaging device 50 in the normal observation and those in the fluorescence observation can be compensated.

[0081] Fig. 9 conceptually illustrates further another modification example of the electronic endoscope 1.

[0082] Inthe example shown in Fig. 9, by performing frame integration when the excitation light is applied, the intensity
difference between the imaging signals output from the solid-state imaging device 50 in the normal observation and
those in the fluorescence observation is compensated. In the image processing portion 61 of the processor unit 4 (see
Fig. 2), a frame memory capable of holding, for example, at least imaging signals for one frame is provided.

[0083] As shown in Fig. 9, when the white light is applied in the normal observation, the image processing portion 61
of the processor unit 4 (see Fig. 2) generates image data based on the imaging signals for one frame output from the
solid-state imaging device 50. Meanwhile, when the excitation light is applied in the fluorescence observation, the image
processing portion 61 integrates successively imaging signals for plural frames output consecutively from the solid-state
imaging device 50 with using the frame memory, and generates image data based on the integrated imaging signals.
Thus, the intensity difference between the imaging signals output from the solid-state imaging device 50 in the normal
observation and those in the fluorescence observation can be compensated.

[0084] Fig. 10 conceptually illustrates still further another modification example of the electronic endoscope 1.
[0085] In the example shown in Fig. 10, by performing pixel mixture when the excitation light is applied, the intensity
difference between the imaging signals output from the solid-state imaging device 50 in the normal observation and
those in the fluorescence observation is reduced.

[0086] When the white light is applied in the normal observation, the solid-state imaging device 50 reads out the
charges accumulated in the plurality of pixels 70 contained therein pixel by pixel. Meanwhile, as shown in Fig. 10, when
the excitation light is applied in the fluorescence observation, the charges accumulated in adjacent pixels 70 provided
with filters of the same color among the plurality of pixels 70 are added (mixed) to be read out as a whole. Thus, the
intensity difference between the imaging signals output from the solid-state imaging device 50 in the normal observation
and those in the fluorescence observation can be reduced. In this case, the resolution of the images obtained in the
fluorescence observation is lower than that obtained in the normal observation, but the fluorescence is inherently some-
what blur, and it is enough to show the area of the lesion part, so there is no problem.

[0087] The above-mentioned pixel mixture is described premised on that it is performed by a circuit for reading out
the charges from the pixels 70. However, the pixel mixture may be performed in the image processing section 60. Below,
the pixel mixture in the image processing section 60 will be described.

[0088] Fig. 11 schematically illustrates the structure of the image data generated by the image processing section 60,
and Fig. 12 conceptually illustrates the pixel mixture in the image processing section 60.

[0089] The image data are composed of a set of plural pixels 80. Each of the pixels 71 contained in the solid-state
imaging device 50 has only brightness information of the color corresponding to the color filter 76 provided thereon, i.e.
one of red (R), green (G), and blue (B). However, by performing operations to supplement each of the pixels 71 with the
brightness information concerning the other colors of the surrounding pixels 71 in the image processing section 60, each
of the pixels 80 composing the image data has the brightness information of the three colors of R, G, and B.

[0090] When the white light is applied in the normal observation, the image processing section 60 performs the sup-
plementing processing to generate image data. Meanwhile, as shown in Fig. 12, when the excitation light is applied in
the fluorescence observation, after the above-mentioned supplementing operations, the image processing section 60
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further adds up the brightness values of the colors R, G, and B of the plurality of adjacent pixels 80 to combine them
into one pixel 80, and increases the brightness values of the colors R, G, and B of the combined pixels 80. Thus, the
intensity difference between the imaging signals output from the solid-state imaging device 50 in the normal observation
and those in the fluorescence observation can be compensated. In the illustrated example, the adjacent 2 x 2 pixels are
taken as one group, and the brightness values of the four pixels 80 contained therein are added up, and in the combined
pixels, a brightness value of about four times is obtained. However, the invention is not limited thereto. Instead, 10 x 10
pixels (about 100 times), 15 x 15 pixels (about 225 times) may be taken as one group, or the number of the pixels 80
taken as one group may be changed according to the intensity of the imaging signals.

[0091] Furthermore, itis also possible to compensate the intensity difference between the imaging signals output from
the solid-state imaging device 50 in the normal observation and those in the fluorescence observation by appropriately
combining changing of charge accumulation time, frame accumulation, and pixel mixture.

[0092] As described above, an electronic endoscope of one embodiment of the invention includes an illumination unit,
an imaging unit and an image generating unit. The illumination unit switches among a plurality of light beams having
different spectra from each other so as to illuminate a subject. The light beams include at least white light and excitation
light for exciting the subject to produce fluorescence. The imaging unit includes a solid-state imaging device and an
objective optical system. The objective optical system guides, to the solid-state imaging device, light returning from the
subject which the illumination unit illuminates. The image generating unit generates image data based on image signals
output from the imaging unit. The solid-state imaging device further includes a sensitivity adjusting unit that only lowers
sensitivity, to the excitation light, of pixels which are sensitive to the fluorescence among a plurality of pixels of the solid-
state imaging device. The light guided by the objective optical system is incident directly onto the solid-state imaging
device.

[0093] With the above-mentioned structure, the normal observation and the fluorescence observation are performed
using a single solid-state imaging device by switching between the white light and the excitation light in the illumination
section and applying one of the white light and the excitation light. By only lowering the sensitivities, to the excitation
light, of the pixels which are sensitive to the fluorescence produced by the subject onto which the excitation light is
applied, and making the light guided by the objective optical system incident directly onto the solid-state imaging device,
the loss of the color information corresponding to the excitation light can be avoided in the normal observation, and the
fluorescence can be collected while the pixel saturation caused by the excitation light in the fluorescence observation
can be prevented.

[0094] Also, in the electronic endoscope of one embodiment of the invention, the sensitivity adjusting unit may include
color filters provided for the plurality of pixels of the solid-state imaging device. Thicknesses of the color filters for the
pixels sensitive to the fluorescence may be thicker than those of the color filters for the other pixels. By making the color
filters for the pixels sensitive to the fluorescence be thicker, the sensitivity, to the excitation light, of the pixels can be
lowered greatly as compared to the sensitivity, to the fluorescence, of those pixels.

[0095] In the electronic endoscope of one embodiment of the invention, the solid-state imaging device may be a
primary-color-based solid-state imaging device having color filters of red, green, and blue. The color filters sensitive to
the fluorescence may be those of green. The color of the excitation light to which the sensitivities may be lowered is blue.
[0096] In the electronic endoscope of one embodiment of the invention, the solid-state imaging device may be a
primary-color-based solid-state imaging device having color filters of red, green, and blue. The color filters sensitive to
the fluorescence may be those of red. The color of the excitation light to which the sensitivities may be lowered is blue.
[0097] In the electronic endoscope of one embodiment of the invention, the solid-state imaging device may be a
primary-color-based solid-state imaging device having color filters of red, green, and blue. The color filters sensitive to
the fluorescence may be those of green and red. The color of the excitation light to which the sensitivities may be lowered
is blue.

[0098] In the electronic endoscope of one embodiment of the invention, the solid-state imaging device may be a
complementary-color-based solid-state imaging device having color filters of cyan, magenta, yellow, and green. The
color filters sensitive to the fluorescence may be those of at least one of green and yellow. The color of the excitation
light to which the sensitivities are lowered may be blue.

[0099] Theelectronicendoscope of one embodiment of the invention may furtherinclude a drive circuit for the solid-state
imaging device, wherein the drive circuit makes a charge accumulation time of each of the plurality of pixels of the solid-
state imaging device when the excitation light is applied be longer than that when the white light is applied.

[0100] In the electronic endoscope of one embodiment of the invention, the drive circuit may make a frame rate when
the excitation light is applied lower than that when the white light is applied.

[0101] Inthe electronic endoscope of one embodiment of the invention, the drive circuit may discharge charges, which
are generated by each of the plurality of pixels of the solid-state imaging device during a period in which the white light
is applied, for a predetermined time shorter than the period.

[0102] In the electronic endoscope of one embodiment of the invention, the image generating unit may have an
integration unit. The integration unit integrates a plurality of frames of image signals of the solid-state imaging device
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when the excitation light is applied.

[0103] Theelectronicendoscope of one embodiment of the invention may furtherinclude a drive circuit for the solid-state
imaging device. When the excitation light is applied, the drive circuit may add charges accumulated in a plurality of
adjacent pixels provided with filters of a same color among the pixels of the solid-state imaging device, and read the
accumulated charges out as a whole.

[0104] In the electronic endoscope of one embodiment of the invention, when the excitation light is irradiated, the
image generating unit may add and combine brightness values of a plurality of adjacent pixels among the pixel that
constitute the image data.

[0105] In the electronic endoscope of one embodiment of the invention, the imaging unit may have an amplification
unit that amplifies the output signals of the solid-state imaging device. The amplification unit may make gains of the
output signals when the excitation light is applied be higher than those when the white light is applied.

Claims
1. An electronic endoscope comprising:

an illumination unit that switches among a plurality of light beams having different spectra from each other so
as to illuminate a subject, the light beams including at least white light and excitation light for exciting the subject
to produce fluorescence;

an imaging unit (43) that includes

a solid-state imaging device (50), and

an objective optical system (42) that guides, to the solid-state imaging device (50), light returning from the
subject which the illumination unit illuminates; and

an image generating unit (60) that generates image data based on image signals output from the imaging unit
(43), wherein

the solid-state imaging device (50) further includes means adapted to selectively lower the sensitivity, to the
excitation light, of only pixels which are sensitive to the fluorescence among a plurality of pixels (70) of the solid-
state imaging device (50); and

the light guided by the objective optical system (42) is incident directly onto the solid-state imaging device (50),

wherein

said means adapted to selectively lower the sensitivity includes color filters (76) provided for the plurality of pixels
of the solid-state imaging device (50), and

thicknesses of the color filters (76) for the pixels sensitive to the fluorescence are thicker than those of the color
filters (76) for the other pixels.

2. The electronic endoscope according to claim 1, wherein
the solid-state imaging device (50) is a primary-color-based solid-state imaging device having color filters (76) of
red, green, and blue,
the color filters sensitive to the fluorescence are those of green, and
the color of the excitation light to which the sensitivities are lowered is blue.

3. The electronic endoscope according to claim 1, wherein
the solid-state imaging device (50) is a primary-color-based solid-state imaging device having color filters of red,
green, and blue,
the color filters (76) sensitive to the fluorescence are those of red, and
the color of the excitation light to which the sensitivities are lowered is blue.

4. The electronic endoscope according to claim 1, wherein
the solid-state imaging device (50) is a primary-color-based solid-state imaging device having color filters of red,
green, and blue,
the color filters sensitive to the fluorescence are those of green and red, and the color of the excitation light to which
the sensitivities are lowered is blue.

5. The electronic endoscope according to claim 1, wherein

the solid-state imaging device (50) is a complementary-color-based solid-state imaging device having color filters
of cyan, magenta, yellow, and green,
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the color filters sensitive to the fluorescence are those of at least one of green and yellow, and
the color of the excitation light to which the sensitivities are lowered is blue.

6. The electronic endoscope according to any one of claims 1 to 5, further comprising:
a drive circuit (51) for the solid-state imaging device (50), wherein the drive circuit (51) is adapted to make a
charge accumulation time of each of the plurality of pixels of the solid-state imaging device (50) when the
excitation light is applied be longer than that when the white light is applied.
7. The electronic endoscope according to claim 6, wherein
the drive circuit (51) is adapted to make a frame rate when the excitation light is applied lower than that when the
white light is applied.
8. The electronic endoscope according to claim 6, wherein
the drive circuit is adapted to discharge charges, which are generated by each of the plurality of pixels of the solid-
stateimaging device during a period in which the white lightis applied, for a predetermined time shorter than the period.
9. The electronic endoscope according to any one of claims 1 to 8, wherein
the image generating unit (60) has an integration unit,
the integration unit integrates a plurality of frames of image signals of the solid-state imaging device when the
excitation light is applied.
10. The electronic endoscope according to any one of claims 1 to 9, further comprising:
a drive circuit (51) for the solid-state imaging device (50), wherein
when the excitation light is applied, the drive circuit is adapted to add charges accumulated in a plurality of
adjacent pixels provided with filters of a same color among the pixels of the solid-state imaging device, and
reads the accumulated charges out as a whole.
11. The electronic endoscope according to any one of claims 1 to 9, wherein
when the excitation light is irradiated, the image generating unit (60) is adapted to add and combine brightness
values of a plurality of adjacent pixels among the pixel that constitute the image data.
12. The electronic endoscope according to any of claims 1 to 11, wherein
the imaging unit (43) has an amplification unit that is adapted to amplify the output signals of the solid-state imaging
device (50), and
the amplification unit is adapted to make gains of the output signals when the excitation light is applied be higher
than those when the white light is applied.
Patentanspriiche
1. Elektronisches Endoskop, umfassend:

eine Beleuchtungseinheit, die zwischen mehreren Lichtstrahlen mit voneinander verschiedenen Spektren um-
schaltet, um ein Subjekt zu beleuchten, wobei die Lichtstrahlen mindestens WeiRllicht und Anregungslicht zum
Anregen des Subjekts zwecks Erzeugung von Fluoreszenz enthalten;

eine Bildgebungseinheit (42), welche enthalt:

ein Festkorper-Bildgebungsbauelement (50), und
ein Objektivsystem (42), welches dem Festkorper-Bildgebungsbauelement (50) von dem Objekt, welches
die Beleuchtungseinheit beleuchtet, zuriickkehrendes Licht zufthrt; und

eine Bilderzeugungseinheit (60), die basierend auf den von der Bildgebungseinheit (43) ausgebenen Bildsigna-
len Bilddaten erzeugt, wobei

das Festkorper-Bildgebungsbauelement (50) weiterhin Mittel aufweist, ausgebildet zum selektiven Absenken
der Empfindlichkeit fir das Anregungslicht von nur solchen Pixeln, die unter den mehreren Pixeln (70) des
Festkorper-Bildgebungsbauelements (50) fiir die Fluoreszenz empfindlich sind; und
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von dem Objektivsystem (42) geleitetes Licht direkt auf das Festkodrper-Bildgebungsbauelement (50) auftrifft,
wobei

die zum selektiven Absenken der Empfindlichkeit ausgebildete Einrichtung Farbfilter (76) enthalt, die fur die
mehreren Pixel des Festkorper-Bildgebungsbauelements (50) vorgesehen sind, und

Dicken der Farbfilter (76) fir die fir die Fluoreszenz empfindlichen Pixel dicker sind als die der flr die anderen
Pixel vorgesehenen Farbfilter (76).

Elektronisches Endoskop nach Anspruch 1, bei dem

das Festkorper-Bildgebungsbauelement (50) ein auf Primarfarben basierendes Bildgebungs-Bauelement mit Farb-
filtern (76) fur Rot, Griin und Blau ist,

die fir die Fluoreszenz empfindlichen Farbfilter jene fiir Griin sind, und

die Farbe des Anregungslichts, fiir die die Empfindlichkeiten abgesenkt werden, Blau ist.

Elektronisches Endoskop nach Anspruch 1, bei dem

das Festkorper-Bildgebungsbauelement (50) ein auf Primarfarben basierendes Festkorper-Bildgebungsbauelement
mit Farbfiltern fir Rot, Griin und Blau ist,

die fir die Fluoreszenz empfindlichen Farbfilter (76) jene fir Rot sind, und

die Farbe des Anregungslichts, fiir die die Empfindlichkeiten abgesenkt werden, Blau ist.

Elektronisches Endoskop nach Anspruch 1, bei dem

das Festkorper-Bildgebungsbauelement (50) ein auf Primarfarben basierendes Festkérper-Bildgebungsbauelement
mit Farbfiltern fir Rot, Griin und Blau ist,

die fir die Fluoreszenz empfindlichen Farbbilder jene fiir Griin und Rot sind, und

die Farbe des Anregungslichts, fiir die die Empfindlichkeiten abgesenkt werden, Blau ist.

Elektronisches Endoskop nach Anspruch 1, bei dem

das Festkorper-Bildgebungsbauelement (50) ein auf Komplementarfarben basierendes Festkdrper-Bildgebungs-
bauelement mit Farbfiltern fiir Cyan, Magenta, Gelb und Grin ist,

die fir die Fluoreszenz empfindlichen Farbbilder jene fiir mindestens eine der Farben Griin und Gelb sind, und
die Farbe des Anregungslichts, fir die die Empfindlichkeiten abgesenkt werden, Blau ist.

Elektronisches Endoskop nach einem der Ansprliche 1 bis 5, weiterhin umfassend:

eine Treiberschaltung (51) fiir das Festkorper-Bildgebungsbauelement (50), wobei die Treiberschaltung (51)
dazu ausgebildet ist, eine Ladungsansammlungszeit jedes der mehreren Pixel des Festkdrper-Bildgebungs-
bauelements (50) dann, wenn das Anregungslicht aufgebracht wird, langer ist als dann, wenn Weillicht aufge-
bracht wird.

Elektronisches Endoskop nach Anspruch 6, bei dem
die Treiberschaltung (51) dazu ausgebildet ist, eine Vollbildrate bei Aufbringen des Anregungslichts kleiner zu
machen als dann, wenn das Weillicht aufgebracht wird.

Elektronisches Endoskop nach Anspruch 6, bei dem

die Treiberschaltung dazu ausgebildet ist, Ladungen, die durch jedes der mehreren Pixel des Festkorper-Bildge-
bungsbauelements wahrend einer Zeitspanne erzeugt werden, in der das WeiBlicht aufgebracht wird, fiir eine
vorbestimmte Zeit, die kiirzer ist als die Periode, zu entladen.

Elektronisches Endoskop nach einem der Anspriiche 1 bis 8, bei dem

die Bilderzeugungseinheit (60) eine Integrationseinheit aufweist,

wobei die Integrationseinheit mehrere Vollbilder der Bildsignale des Festkérper-Bildgebungsbauelements integriert,
wenn das Anregungslicht aufgebracht wird.

10. Elektronisches Endoskop nach einem der Anspriiche 1 bis 9, weiterhin umfassend:

eine Treiberschaltung (51) fir das Festkodrper-Bildgebungsbauelement (50), wobei

dann, wenn Anregungslicht aufgebracht wird, die Treiberschaltung dazu ausgebildet ist, Ladungen, die in meh-
reren benachbarten Pixeln, die mit Filtern gleicher Farbe der Pixel des Festkdrper-Bildgebungsbauelements
ausgestattet sind, zu addieren und die akkumulierten Ladungen insgesamt auszulesen.
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Elektronisches Endoskop nach einem der Anspriiche 1 bis 9, bei dem
wenn das Anregungslicht aufgestrahlt wird, die Bilderzeugungseinheit (60) dazu ausgebildet ist, Helligkeitswerte
einer Mehrzahl benachbarter Pixel unter den Bilddaten bildenden Pixeln zu addieren und zu kombinieren.

Elektronisches Endoskop nach einem der Anspriiche 1 bis 11, bei dem

die Bildgebungseinheit (43) eine Verstarkungseinheit aufweist, ausgebildet zum Verstarken der Ausgangssignale
des Festkorper-Bildgebungsbauelements (50), und

wobei die Verstarkungseinheit dazu ausgebildet ist, Verstarkungen der Ausgangssignale beim Aufbringen des An-
regungslichts héher einzustellen als jene beim Aufbringen des Weillichts.

Revendications

1.

Endoscope électronique, comprenant :

une unité d’éclairage qui commute parmi une pluralité de faisceaux lumineux ayant des spectres différents les
uns des autres de fagon a éclairer un sujet, les faisceaux lumineux incluant au moins une lumiéere blanche et
une lumiere d’excitation pour exciter le sujet afin de produire de la fluorescence :

une unité d’imagerie (43) qui inclut

un imageur a semi-conducteurs (50), et

un systéme optique a objectif (42) qui guide vers I'imageur a semi-conducteurs (50) la lumiere revenant
du sujet que l'unité d’éclairage éclaire ; et

une unité de génération d’images (60) qui génére des données d’'images sur la base de signaux d’'images
produits a partir de l'unité d'imagerie (43), dans lequel

limageur a semi-conducteurs (50) inclut également des moyens adaptés pour abaisser sélectivement la sen-
sibilité a la lumiére d’excitation uniquement des pixels qui sont sensibles a la fluorescence parmi une pluralité
de pixels (70) de 'imageur a semi-conducteurs (50) ; et

la lumiere guidée par le systeme optique a objectif (42) arrive de fagon directement incidente sur I'imageur a
semi-conducteurs (50),

dans lequel

lesdits moyens adaptés pour abaisser sélectivement la sensibilité incluent des filtres de couleur (76) fournis
pour la pluralité de pixels de 'imageur a semi-conducteurs (50), et

les épaisseurs des filtres de couleur (76) destinés aux pixels sensibles a la fluorescence sont plus grandes que
celles des filtres de couleur (76) destinés aux autres pixels.

Endoscope électronique selon la revendication 1, dans lequel

limageur a semi-conducteurs (50) est un imageur a semi-conducteurs a base de couleurs primaires ayant des filtres
de couleur (76) du rouge, du vert et du bleu,

les filtres de couleur sensibles a la fluorescence sont ceux du vert, et

la couleur de la lumiére d’excitation a laquelle les sensibilités sont abaissées est le bleu.

Endoscope électronique selon la revendication 1, dans lequel

imageur a semi-conducteurs (50) est un imageur a semi-conducteurs a base de couleurs primaires ayant des filtres
de couleur (76) du rouge, du vert et du bleu,

les filtres de couleur (76) sensibles a la fluorescence sont ceux du rouge, et

la couleur de la lumiére d’excitation a laquelle les sensibilités sont abaissées est le bleu.

Endoscope électronique selon la revendication 1, dans lequel

imageur a semi-conducteurs (50) est un imageur a semi-conducteurs a base de couleurs primaires ayant des filtres
de couleur du rouge, du vert et du bleu,

les filtres de couleur sensibles a la fluorescence sont ceux du vert et du rouge, et

la couleur de la lumiére d’excitation a laquelle les sensibilités sont abaissées est le bleu.

Endoscope électronique selon la revendication 1, dans lequel

limageur a semi-conducteurs (50) est un imageur a semi-conducteurs a base de couleurs complémentaires ayant
des filtres de couleur du cyan, du magenta, du jaune et du vert,
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les filtres de couleur sensibles a la fluorescence sont ceux d’au moins une couleur parmi le vert et le jaune, et
la couleur de la lumiére d’excitation a laquelle les sensibilités sont abaissées est le bleu.

Endoscope électronique selon 'une quelconque des revendications 1 a 5, comprenant également :

un circuit d’attaque (51) pour 'imageur a semi-conducteurs (50), dans lequel le circuit d’attaque (51) est adapté
pour faire qu'un temps d’accumulation de charge de chacun de la pluralité de pixels de l'imageur a semi-
conducteurs (50) soit plus long quand la lumiere d’excitation est appliquée que quand la lumiere blanche est
appliquée.

Endoscope électronique selon la revendication 6, dans lequel
le circuit d’attaque (51) est adapté pour faire qu’une fréquence de trames soit plus faible quand la lumiére d’excitation
est appliqguée que quand la lumiere blanche est appliquée.

Endoscope électronique selon la revendication 6, dans lequel

le circuit d’attaque est adapté pour décharger des charges, qui sont générées par chacun de la pluralité de pixels
de l'imageur a semi-conducteurs pendant une période au cours de laquelle lalumiére blanche est appliquée, pendant
un temps prédéterminé plus court que la période.

Endoscope électronique selon I'une quelconque des revendications 1 a 8, dans lequel

'unité de génération d’'images (60) a une unité d’intégration,

I'unité d’intégration integre une pluralité de trames de signaux d'images de I'imageur a semi-conducteurs quand la
lumiére d’excitation est appliquée.

Endoscope électronique selon I'une quelconque des revendications 1 a 9, comprenant également :

un circuit d’attaque (51) pour I'imageur a semi-conducteurs (50), dans lequel

quand la lumiére d’excitation est appliquée, le circuit d’attaque est adapté pour ajouter des charges accumulées
dans une pluralité de pixels adjacents munis de filtres d’'une méme couleur parmi les pixels de 'imageur a semi-
conducteurs et lit les charges accumulées comme un tout.

Endoscope électronique selon I'une quelconque des revendications 1 a 9, dans lequel,
quand la lumiére d’excitation est émise, I'unité de génération d'images (60) est adaptée pour ajouter et combiner
des valeurs de brillance d’une pluralité de pixels adjacents parmi les pixels qui constituent les données d’images.

Endoscope électronique selon I'une quelconque des revendications 1 a 11, dans lequel

'unité d'imagerie (43) a une unité d’amplification qui est adaptée pour amplifier les signaux de sortie de I'imageur
a semi-conducteurs (50), et

I'unité d’amplification est adaptée pour faire que des gains des signaux de sortie soient plus élevés quand la lumiére
d’excitation est appliquée que quand la lumiére blanche est appliquée.
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FIG. 3

Laser light (A) having 405 nm

Laser light having 445 nm
. _ White light (B)
* Excited fluorescence light of phosphor
¥

=
3
£
5
—J

__sLl )l 1 1 i

!

405 445 500 600 700

Wavelength (nm)

17



EP 2 301 417 B1

FIG. 4

G

FIG. 5
50

Voo
\

15
14
K

712101220000 1100020002000 112000 21, , {1:1}}}/}10(/.[11////7

:.\\\\\\\\\\\\\\\§\§\\\\\\\\\\\ AN SRR AL HIHTHRRIN N
) %
%

11 12 no 72 n

»
Pr s semonbm e w

12

18



EP 2 301 417 B1

FIG. 6
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