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(57) ABSTRACT 
A compact image sensor package for use in an endo 
scope or borescope in which a lens system, a solid state 
image sensor and a circuit board are mounted in tandem 
within a cylindrical sealed housing. The assembly is 
positioned within the viewing head of the instrument so 
that an image of a given target is recorded on the sensor 
and an electrical output signal indicative of the image 
data is transmitted out of the package via either an 
optical or electrical transmission line. 

7 Claims, 5 Drawing Figures 
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1. 

IMAGE SENSOR ASSEMBLY 

BACKGROUND OF THE INVENTION 

This invention relates generally to an endoscope or 
borescope for providing a full color video image of a 
generally inaccessible region and, in particular, to a 
highly compacted imager assembly for use in the view 
ing head of an endoscope or a borescope. 

Sheldon in U.S. Pat. No. 2,764,149 discloses an endo 
scope for providing a full color video picture of a target 
situated within a body cavity. The viewing head of the 
Sheldon device, that is, the section of the instrument 
which is inserted into the body cavity, contains a rather 
bulky widicon tube and a complex three color lighting 
system which requires that the head be rather large in 
order to house the various components. Consequently, 
the Sheldon device can only be used where the receiv 
ing cavity is correspondingly large. Kakinuma in U.S. 
Pat. No. 4,074,306 discloses an improved full color 
endoscope system in which the light source is taken out 
of the head and the vidicon tube is replaced by a solid 
state image sensor. In this new arrangement, the light of 
three primary colors needed to both illuminate the tar 
get and to provide color separation is transmitted into 
the head via a fiber bundle. Although the Kakinuma 
device reduces the size and the number of components 
needed in the viewing head, this advantage may easily 
be lost through poor packaging. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
improve endoscopes and/or borescopes. 
A further object of the present invention is to con 

pact the optical and electrical components contained in 
the viewing head of a full color endoscope so that the 
head may be correspondingly compacted to provide 
greater access to remote target regions. 
A still further object of the present invention is to 

package the electrical and optical readout components 
of a color endoscope within a relatively small housing. 
Yet another object of the present invention is to pro 

vide a small diameter hermetically sealed electro-opti 
cal package for providing full color picture information 
of the target of an endoscope. 
These and other objects of the present invention are 

attained by means of a color endoscope having a view 
ing head in which is positioned an electro-optical pack 
age that includes a hollow housing, a lens system 
mounted in the front of the housing opening, a solid 
state image sensor mounted in the housing opening 
behind the lens system having an image recording sur 
face positioned in the image plane of the lens system, a 
circuit board also mounted in the housing behind the 
image sensor having circuitry thereon for processing 
signals passing to and from the image sensor, and trans 
mission lines passing into and out of the back of the 
housing for connecting the sensor and the circuit board 
to a remote electrical section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention as 
well as further objects and features thereof, reference is 
had to the following detailed description of the inven 
tion which is to be read in conjunction with the accom 
panying drawings wherein: 

FIG. 1 is a block diagram illustrating an endoscope 
for providing a full color picture of a target which 
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2 
contains a compacted electro-optical package embody 
ing the teachings of the present invention; 
FIG. 2 is an enlarged side elevation in section of the 

viewing head utilized in the endoscope of FIG. 1 show 
ing an electro-optical package contained therein for 
providing full color video information of a target in the 
object plane of the lens; 
FIG. 3 is an exploded view of the electro-optical 

package contained in the viewing head shown in FIG. 
2; 
FIG. 4 is a section taken along lines 4-4 in FIG. 3; 

and 
FIG. 5 is an enlarged side elevation in section of a 

viewing head suitable for use in an endoscope illustrat 
ing another embodiment of the invention. 

DESCRIPTION OF THE INVENTION 

The present invention involves an electro-optical 
package suitable for use in either an endoscope or bore 
scope that is capable of furnishing full color image data 
of a target situated within a generally inaccessible re 
gion which can be viewed on a television screen. As 
illustrated in FIG. 1, the apparatus embodying the in 
vention will be described in greater detail in reference 
to an endoscope, generally designated 10, which in 
cludes a viewing head 11 that is connected to an exter 
nal electrical section 13 by means of a hollow flexible 
sheath 14 (FIG. 2). An external illumination section 12 
is also connected to the head by means of the sheath for 
illuminating the target. In assembly, the viewing head is 
mounted at the distal end of the sheath and is connected 
to both the illumination and electronics sections by 
suitable transmission lines which are passed through the 
sheath. The number of components required to furnish 
the image data are not only minimized but are also 
packaged in a compact housing to provide for the maxi 
mun utilization of space and ease of assembly. As a 
result, the size of the viewing head is greatly reduced 
thus enabling it to reach relatively confined regions 
with a minimum amount of risk and patient discomfort. 
The external lighting system 12 contains three inde 

pendent flash lamps 16-18 that function in association 
with suitable lens/filter units 19-21 to generate separate 
beams of red, green and blue light. Light fron the lamps 
is directed into the light receiving or proximal end of a 
fiber bundle 15. The proximal end of the bundle is trifur 
cated with each arm of the trifurcation being positioned 
to receive illumination from one of the light sources. 
The firing sequence of the lamps is regulated by a con 
trol circuit 22 which triggers the lamps in response to a 
control signal from the master timer 23. The fiber bun 
die 15 passes into the viewing head through the sheath 
and is positioned in the head to direct light directly into 
the target region. The light exit or distal end 28 of the 
bundle is bifurcated to uniformly illuminate the target 
region and to minimize image shadowing. 
An imager sensor housing, generally referenced 27, is 

also mounted within the viewing head of the instru 
ment. The housing contains an optical lens system 24 
that is arranged to focus a light image of the illuminated 
target upon the image recording surface of a solid state 
sensor 25 positioned within the image plane of the op 
tics. In practice, the imager sensor is a charge coupled 
device (CCD) that is arranged to provide an electrical 
output signal that is indicative of the image data re 
corded thereon. As will be explained in greater detail 
below, output signals are passed via a transmission line 
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through amplifier 29 and then on to the external electric 
section 13. 
The lamps are arranged to be fired in an ordered 

sequence that is related to the field period of the video 
system. The target is illuminated with red, green and 
blue light to create color separated images of the target 
which are recorded by the image sensor. The recorded 
data is converted to an electrical signal that is fed out in 
a line by line sequence to electronic section 13. Data 
concerning each separated image is loaded initially into 
a first serial shift register 35 containing three memories 
31-33. Data loading is achieved automatically by se 
quencing electronic switches 30, 37 and 38 in response 
to a signal from the master timer 23. At the start of a 
first odd field period, the stored data is delivered simul 
taneously into the transmitter matrix 40 which pro 
cesses the color information and places it in a format 
that is compatible with either a NTSC system or a RGB 
monitoring system. 
During the next occurring even field period, the 

noted electronic switches are automatically reposi 
tioned along with switches 42,43 contained in a second 
serial register 45 whereupon updated image information 
clocked out of the sensor is loaded into memories 46-48. 
Here again, at the end of the field period, the switches 
are recycled causing the updated data to be fed into the 
transmitter matrix. As can be seen, by relating the firing 
sequence of the lamps to the field period of the video 
system, a single image sensor can be utilized to feed a 
continuous stream of new color separated target infor 
mation to the video processor. 
With further reference to FIGS. 2-4, there is shown 

in greater detail the component parts of the viewing 
head 11. The head includes a tubular body 49 that is 
small enough to allow the head to be passed into rela 
tively small openings to reach restricted areas that here 
tofore have been generally inaccessible to this type of 
instrument. One end of the body is fitted into the distal 
end of the flexible sheath 14 and is operatively con 
nected to a steering mechanism 50 so that the head can 
be maneuvered to place the optics upon a desired target. 
An end cap 51 is threaded onto the opposite end of the 
body and is passed over both an O-ring seal 52 and the 
distal end of the sheath. The end cap is contoured to 
provide a smooth outer surface at the tip of the head 
and also prevents the sheath from being rolled back 
during the insertion and maneuvering of the head. The 
front face of the viewing head has an opening or win 
dow 53 that permits light to pass freely into and out of 
the housing. As noted, colored light transmitted by the 
fiber bundle 15 illuminates the target and provides color 
separated images thereof. Color separated images of the 
target are reflected back through the optics 24 and are 
focused in sequence upon the image recording surface 
of the sensor 25. 
A hollow cylindrical image sensor housing 27 is 

mounted within the main body 49 of the viewing head 
11 and contains the electro-optical components needed 
to provide target information. The optical elements of 
the lens system 24 are mounted in alignment with a lens 
barrel which, in turn, is partially threaded into the front 
of housing 27. An epoxy end seal 54 is applied over the 
front of the barrel to furnish a fluid tight seal between 
the housing and the first element 72 in the lens array. 
The seal prevents fluids and gasses from passing in and 
out of the front of the housing. The lens system is de 
signed so that it has a relatively short back focal length 
thus minimizing the distance from the last optical ele 
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4. 
ment to the image plane 69 of the system. The image 
plane is disposed behind the lens barrel within the hous 
ing opening. 
A circular or disc-like substrate 57 formed of alumina, 

or any other suitable non-conductive material, is fitted 
into the housing opening and is positioned behind the 
image plane in parallel alignment therewith. The solid 
state image sensor 25 is mounted upon the front surface 
of the substrate with the image recording surface of the 
sensor being supported in coplanar relationship with the 
image plane of the optics to permit color separated 
images of the target to be focused thereupon. An opti 
cally clear resin is cast upon the front surface of the 
substrate assembly to encapsulate the sensor element 
within a protective coating 67. The front face of the 
coating, in assembly, is seated against a radially dis 
posed shoulder 68 formed in the housing opening to 
both locate the recording surface of the sensor in the 
desired image plane and to prevent the sensor assembly 
from shifting its position once it has been assembled. 

Preferably the single chip image sensor is a charged 
coupled device (CCD) having a series of pixels ar 
ranged in rows and columns which are compatible with 
the format of video receiver 41 (FIG. 1). The image 
recording surface of the CCD may be rectangular or 
square in form as illustrated in FIG. 4 so that the side 
walls of the chip are bordered by four arcuate shaped 
access sections 59-59 on the support substrate. Prefera 
bly the diagonal distance between the corners of the 
CCD is about equal to the diameter of the substrate so 
that a minimum amount of space is utilized. 
As best illustrated in FIG. 3, a hybrid circuit board 80 

is also mounted within the cylindrical image sensor 
housing immediately behind the support substrate. The 
circuit board contains circuitry for supporting the oper 
ation of the image sensor and for processing signal in 
formation that is exchanged between the sensor and the 
external electrical section. In order to further conserve 
space, circuitry may be printed on both sides of the 
board. The circuitry is electrically connected to a series 
of conductive pins in a manner to be explained in 
greater detail below to provide the necessary communi 
cation between the various system components. The 
number of components supported on the board will 
vary in accordance with the service requirements of the 
CCD, the need for preamplification or filtering of the 
output signal and other related operations. 

Referring now to FIGS. 2-4, transmission lines 
81-81 are passed through the sheath which carries 
video and control signals into and out of the viewing 
head. Connections between the transmission line and 
the CCD and the sensor support circuits are made 
through means of relatively easy to assemble connector 
pins. A first set of pins, herein referred to as the sensor 
pins 75-75, are mounted in the CCD support substrate 
adjacent to the side walls of the sensor within the access 
areas 59-59. The pins are furnished with enlarged 
heads 77 having a height substantially equal to the 
thickness of the CCD so that the top surface of each pin 
is in coplanar alignment with the image recording sur 
face of the sensor. Wire leads 73-73 are connected 
between the heads of the pins and the CCD terminals 
73-73. In this particular embodiment of the invention, 
six pins are shown mounted in three access regions; 
however, the number and location of the pins may vary 
in accordance with the CCD configuration and electri 
cal requirements of the system. 
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The length of the sensor pins may also vary. As 
shown in FIGS. 2 and 3, a first group of pins 75a having 
short shanks that pass through the CCD support sub 
strate and terminate at the underlying circuit board. 
The short shank pins are employed to connect the CCD 
to the electrical circuitry mounted on the board. A 
second group of sensor pins 75b are each furnished with 
a longer shank that passes through both the substrate 
and the circuit board and which is electrically bonded 
directly to one of the transmission lines 81-81. The 
longer shank pins thus provide a direct connection be 
tween the CCD and the external electrical section. 
Another set of pins, herein referred to as the circuit 

board pins 83-83, are passed through the circuit board 
and serve to connect board mounted components to the 
remaining transmission lines. The configuration of the 
second set of pins is similar to that of the sensor pins in 
that each contains an enlarged head 84 and an elongated 
shank 83 which passes through the board and is electri 
cally bonded to one of the transmission lines to con 
plete the electrical wiring within the housing. in prac 
tice, the circuit pins are passed through conductive runs 
such as run 86 shown in FIG. 3, that are printed on the 
board which places the pin in electrical communication 
with one of the electrical components such as a pre 
amplifier 87. 
The back of the sensor housing is closed and sealed 

using an elastomer block 88 of resin or other suitable 
material thereby hermetically sealing the electrical and 
optical components within the housing. A gas tight 
chamber 71 is thus established between the lens system 
and the image sensor which is filled with an inert gas, 
such as nitrogen, to prevent water from condensating 
on the system components and to further protect the 
components from harmful contaminants and the like. As 
should now be evident, by packaging the optic and 
image recording components in a superimposed rela 
tionship within a small housing, not only compacts the 
structure but also facilitates the mounting and assem 
bling of the component parts contained within the view 
ing head. Furthermore, the entire compacted unit is 
hermetically closed and sealed thereby securing the 
components in assembly and protecting them from 
harm. 
As is typical in most endoscope or borescope applica 

tions, the length of the leads connecting the image sen 
sor and the external electrical section is generally rela 
tively long. As a consequence, transmitting signals into 
and out of the viewing head poses certain transmission 
problems. Although these problems might be alleviated 
by matching the imager impedance to the line impe 
dance, or utilizing an impedance matching device such 
as an emitter follow in the circuitry, it may be more 
practical to couple the image sensor unit to the external 
electrical circuit by optical transmission lines. As illus 
trated in FIG. 5, the electrical transmission lines shown 
in FIG. 2 are replaced by an optical input line 96 and an 
optical output line 97 that are adapted to transmit opti 
cal signals between the two remote stations. A pair of 
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mission lines and the sensor circuitry. The transducers 
serve to convert the optical transmission signals to elec 
trical signals or vice versa in a manner that is well 
known in the art. Accordingly, input and output signals 
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relatively long distances without the danger of cross 
talk or interference between the lines. Here again the 
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substrate 57 and the circuit board 80 are mounted as 
explained above however, only the shorter pins 75a are 
required to electrically connect the two in assembly. 
While this invention has been described with refer 

ence to the details as set forth above, it is not limited to 
the specific structure as disclosed and the invention is 
intended to cover any modifications or changes as may 
come within the scope of the following claims. 
We claim: 
1. A compact electo-optical imager assembly for use 

in the viewing head of an endoscope that includes: 
an elongated housing having a circular opening pass 

ing axially therethrough and having a lens system 
mounted in the front of the opening for focusing an 
image of an external target onto an image plane 
situated inside the opening, 

an imaging unit mounted in the opening behind the 
lens system having a substantially circular substrate 
for supporting a solid state rectangular image sen 
sor in a position to record image data focused in 
said image plane and convert said image data to an 
electrical output signal, and a circuit board 
mounted behind the substrate having circuit means 
connected to the image sensor, 

transmission lines passing into the housing through 
the back of the opening that are connected to the 
imaging unit for carrying signals into and out of the 
housing, and 

sealing means for hermetically closing the housing. 
2. The assembly of claim 1 that further includes con 

nector pins passing between the disc and the circuit 
board, said pins having expanded heads seated on the 
front face of the disc adjacent to one or more side walls 
of the disc, and lead wires connecting the heads to the 
chip. 

3. The assembly of claim 1 that further includes an 
optically clear coating for encapsulating the image sen 
SO. 

4. The assembly of claim 2 wherein a portion of the 
pins are passed through the circuit board and are con 
nected to transmission lines and the remaining pins are 
connected to circuit means contained on the board. 

5. A compact electo-optical imager assembly for use 
in the viewing head of an endoscope that includes: 

an elongated housing having an opening passing axi 
ally therethrough and having a lens system 
mounted in the front of the opening for focusing an 
image of an external target onto an image plane 
situated in the opening, 

an imaging unit mounted in the opening behind the 
lens system having a substrate for supporting a 
solid state image sensor in a position to record 
image data focused in said image plane and convert 
said image data to an electrical output signal, and a 
circuit board mounted behind the substrate having 
circuit means connected to the image sensor, 

transmission lines passing into the housing through 
the back of the opening that are connected to the 
imaging unit for carrying signals into and out of the 
housing, 

sealing means for hermitically closing the housing, 
and an inert gas contained within said sealed hous 
1ng. 

6. A compact electo-optical imager assembly for use 
in the viewing head of an endoscope that includes: 
an elongated housing having an opening passing axi 

ally therethrough and having a lens system 
mounted in the front of the opening for focusing an 
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image of an external target onto an image plane 
situated in the opening, 

an imaging unit mounted in the opening behind the 
lens system having a substrate for supporting a 
solid state image sensor in a position to record 
image data to an electrical output signal, and a 
circuit board mounted behind the substrate having 
circuit means connected to the image sensor, said 
circuit board containing circuit means on both 
sides thereof, 

transmission lines passing into the housing through 
the back of the opening that are connected to the 
imaging unit for carrying signals into and out of the 
housing, and 

sealing means for hermetically closing the housing. 
7. A compact electo-optical imager assembly for use 

in the viewing head of an endoscope that includes: 
an elongated housing having an opening passing axi 

ally therethrough and having a lens system 
mounted in the front of the opening for focusing an 
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8 
image of an external target onto an image plane 
situated in the opening, 

an imaging unit mounted in the opening behind the 
lens system having a substrate for supporting a 
solid state image sensor in a position to record 
image data focused in said image plane and convert 
said image data to an electrical output signal, and a 
circuit board mounted behind the substrate having 
circuit means connected to the image sensor, 

transmission lines passing into the housing through 
the back of the opening that are connected to the 
imaging unit for carrying signals into and out of the 
housing, 

sealing means for hernetically closing the housing, 
and 

transducer means mounted on the circuit board for 
converting input and output signals to the imaging 
unit to optical signals and said transmission lines 
carrying said optical signals to and from the trans 
ducer means. 
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