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(57) ABSTRACT 

A reduced area imaging device is provided for use in medical 
or dental instruments such as an endoscope. The imaging 
device is provided in various con?gurations, and connections 
between the imaging device elements and a video display 
may be achieved by Wired or Wireless connections. A connec 
tor assembly located near the imaging device interconnects 
the imaging device to an image/power cable extending 
through the endoscope. The connector provides strain relief 
and stabilization for electrically interconnecting the imager to 
the cable. The connector also serves as the structure for 
anchoring the distal ends of steering Wires extending through 
the body of the endoscopic device. The connector includes a 
strain relief member mounted over a body of the connector. 
The connector alloWs a steering Wire capability Without 
enlarging the pro?le of the distal tip of the endoscopic device. 
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REDUCED AREA IMAGING DEVICE 
INCORPORATED WITHIN WIRELESS 

ENDOSCOPIC DEVICES 

[0001] This application is a continuation-in-part of US. 
Ser. No. 11/245,960, ?led on Oct. 6, 2005, and entitled 
“Reduced Area Imaging Device Incorporated Within Wire 
less Endoscopic Devices”, Which is a continuation of US. 
patent application Ser. No. 09/929,531, ?led on Aug. 13, 
2001, and entitled “Reduced Area Imaging Device Incorpo 
rated Within Wireless Endoscopic Devices”, Which is a con 
tinuation-in-part ofU.S. Ser. No. 09/496,312 ?led on Feb. 1, 
2000, and entitled “Reduced Area Imaging Devices”, Which 
is a continuation of US. Ser. No. 09/175,685 ?led Oct. 20, 
1998 entitled “Reduced Area Imaging Devices”, now US. 
Pat. No. 6,043,839, Which is a continuation-in-part of US. 
Ser. No. 08/944,322, ?led Oct. 6, 1997, and entitled “Reduced 
Area Imaging Devices Incorporated Within Surgical Instru 
ments”, now US. Pat. No. 5,929,901. This application is also 
a continuation-in-part of US. Ser. No. 09/368,246 ?led on 
Aug. 3, 1999, and entitled “Reduced Area Imaging Devices 
Incorporated Within Surgical Instruments”. 

FIELD OF THE INVENTION 

[0002] This invention relates to solid state image sensors 
incorporated Within Wireless endoscopes, and more particu 
larly, to solid state image sensors Which are incorporated 
Within Wireless endoscopes that Wirelessly transmit video 
images for vieWing. 

BACKGROUND OF THE INVENTION 

[0003] In recent years, endoscopic surgery has become the 
accepted standard for conducting many types of surgical pro 
cedures, both in the medical and dental arenas. The availabil 
ity of imaging devices enabling a surgeon or dentist to vieW a 
particular surgical area through a small diameter endoscope 
Which is introduced into small cavities or openings in the 
body results in much less patient trauma as Well as many other 
advantages. 
[0004] In many hospitals, the rod lens endoscope is still 
used in endoscopic surgery. The rod lens endoscope includes 
a very precise group of lenses in an elongate and rigid tube 
Which are able to accurately transmit an image to a remote 
camera in line With the lens group. The rod lens endoscope, 
because of its cost of manufacture, failure rate, and require 
ment to be housed Within a rigid and straight housing, is being 
increasingly replaced by solid state imaging technology 
Which enables the image sensor to be placed at the distal tip of 
the investigating device. The three most common solid state 
image sensors include charged coupled devices (CCD), 
charge injection devices (CID) and photo diode arrays (PDA). 
In the mid-1980s, complementary metal oxide semiconduc 
tors (CMOS) Were developed for industrial use. CMOS imag 
ing devices offer improved functionality and simpli?ed sys 
tem interfacing. Furthermore, many CMOS imagers can be 
manufactured at a fraction of the cost of other solid state 
imaging technologies. 
[0005] One particular advance in CMOS technology has 
been in the active pixel-type CMOS imagers Which consist of 
randomly accessible pixels With an ampli?er at each pixel 
site. One advantage of active pixel-type imagers is that the 
ampli?er placement results in loWer noise levels than CCDs 

Feb. 10, 2011 

or other solid state imagers. Another major advantage is that 
these CMOS imagers can be mass produced on standard 
semiconductor production lines. One particularly notable 
advance in the area of CMOS imagers including active pixel 
type arrays is the CMOS imager described in US. Pat. No. 
5,471,515 to Fossum, et al. This CMOS imager can incorpo 
rate a number of other different electronic controls that are 
usually found on multiple circuit boards of much larger siZe. 
For example, timing circuits, and special functions such as 
Zoom and anti-jitter controls can be placed on the same circuit 
board containing the CMOS pixel array Without signi?cantly 
increasing the overall siZe of the host circuit board. Further 
more, this particular CMOS imager requires 100 times less 
poWer than a CCD-type imager. In short, the CMOS imager 
disclosed in Fossum, et al. has enabled the development of a 
“camera on a chip.” 

[0006] Passive pixel-type CMOS imagers have also been 
improved so that they too can be used in an imaging device 
Which quali?es as a “camera on a chip.” In short, the major 
difference betWeen passive and active CMOS pixel arrays is 
that a passive pixel-type imager does not perform signal 
ampli?cation at each pixel site. One example of a manufac 
turer Which has developed a passive pixel array With perfor 
mance nearly equal to knoWn active pixel devices and being 
compatible With the read out circuitry disclosed in the US. 
Pat. No. 5,471,515 is VLSI Vision, Ltd., 1190 Saratoga 
Avenue, Suite 180, San Jose, Calif. 95129. A further descrip 
tion of this passive pixel device may be found in applicant’s 
US. Pat. No. 5,986,693 entitled “Reduced Area Imaging 
Devices Incorporated Within Surgical Instruments,” Which is 
hereby incorporated by reference. 
[0007] In addition to the active pixel-type CMOS imager 
Which is disclosed in US. Pat. No. 5,471,515, there have been 
developments in the industry for other solid state imagers 
Which have resulted in the ability to have a “camera on a 
chip.” For example, Suni Microsystems, Inc. of Mountain 
VieW, Calif., has developed a CCD/CMOS hybrid Which 
combines the high quality image processing of CCDs With 
standard CMOS circuitry construction. In short, Suni Micro 
systems, Inc. has modi?ed the standard CMOS and CCD 
manufacturing processes to create a hybrid process providing 
CCD components With their oWn substrate Which is separate 
from the P Well and N Well substrates used by the CMOS 
components. Accordingly, the CCD and CMOS components 
of the hybrid may reside on different regions of the same chip 
or Wafer. Additionally, this hybrid is able to run on a loW 
poWer source (5 volts) Which is normally not possible on 
standard CCD imagers Which require 10 to 30 volt poWer 
supplies. A brief explanation of this CCD/CMOS hybrid can 
be found in the article entitled “Startup Suni Bets on Inte 
grated Process” found in Electronic NeWs, Jan. 20, 1997 
issue. This reference is hereby incorporated by reference for 
purposes of explaining this particular type of imaging pro 
cessor. 

[0008] Another example of a recent development in solid 
state imaging is the development of a CMOS imaging sensor 
Which is able to achieve analog to digital conversion on each 
of the pixels Within the pixel array. This type of improved 
CMOS imager includes transistors at every pixel to provide 
digital instead of analog output that enable the delivery of 
decoders and sense ampli?ers much like standard memory 
chips. With this neW technology, it may, therefore, be possible 
to manufacture a true digital “camera on a chip.” This CMOS 
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imager has been developed by a Stanford University joint 
project and is headed by Professor Abbas el-Gamal. 
[0009] A second approach to creating a CMOS-based digi 
tal imaging device includes the use of an over-sample con 
ver‘ter at each pixel With a one bit comparator placed at the 
edge of the pixel array instead of performing all of the analog 
to digital functions on the pixel. This neW design technology 
has been called MOSAD (multiplexed over sample analog to 
digital) conversion. The result of this neW process is loW 
poWer usage, along With the capability to achieve enhanced 
dynamic range, possibly up to 20 bits. This process has been 
developed by Amain Electronics of Simi Valley, Calif. A brief 
description of both of the processes developed by Stanford 
University and Amain Electronics can be found in an article 
entitled “A/D Conversion Revolution for CMOS Sensor?,” 
September 1998 issue of Advanced Imaging. This reference 
is also hereby incorporated by reference for purposes of 
explaining these particular types of imaging processors. 
[0010] The above-mentioned developments in solid state 
imaging technology have shoWn that “camera on a chip” 
devices Will continue to be enhanced not only in terms of the 
quality of imaging Which may be achieved, but also in the 
speci?c construction of the devices Which may be manufac 
tured by neW breakthrough processes. 
[0011] Although the “camera on a chip” concept is one 
Which has great merit for application in many industrial areas, 
a need still exists for a reduced area imaging device Which can 
be used in even the smallest type of endoscopic instruments in 
order to vieW areas in the body that are particularly dif?cult to 
access, and to further minimize patient trauma by an even 
smaller diameter invasive instrument. 

[0012] It is one general object of this invention to provide a 
Wireless endoscope incorporating reduced area imaging 
devices Which take advantage of “camera on a chip” technol 
ogy, but rearrange the circuitry in a stacked relationship so 
that there is a minimum pro?le presented When used Within a 
surgical instrument or other investigative device. It is another 
object of this invention to provide a Wireless endoscope uti 
liZing loW cost imaging devices Which may be “disposable.” 
It is yet another object of this invention to provide reduced 
area imaging devices capable of Wireless communications 
Which may be used in conjunction With standard endoscopes 
by placing the imaging device through channels Which nor 
mally receive other surgical devices, or receive liquids or 
gases for ?ushing a surgical area. It is yet another object of 
this invention to provide a surgical device With imaging capa 
bility Which may be battery poWered and may Wirelessly 
communicate for vieWing video images. 
[0013] In addition to the intended use of the Wireless endo 
scope With respect to surgical procedures conducted by medi 
cal doctors, it is also contemplated that the invention 
described herein has great utility With respect to oral surgery 
and general dental procedures Wherein a very small imaging 
device can be used to provide an image of particularly di?i 
cult to access locations. Additionally, While the foregoing 
invention has application With respect to the medical and 
dental ?elds, it Will also be appreciated by those skilled in the 
art that the small siZe of the imaging device set forth herein 
coupled With the Wireless communication feature can be 
applied to other functional disciplines Wherein the imaging 
device can be used to vieW dif?cult to access locations for 
industrial equipment and the like. Therefore, the imaging 
device of this invention could be used to replace many indus 
trial boroscopes. 
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[0014] The “camera on a chip” technology can be furthered 
improved With respect to reducing its pro?le area and incor 
porating such a reduced area imaging device into very small 
investigative instruments Which can be used in the medical, 
dental, or other industrial ?elds. 

SUMMARY OF THE INVENTION 

[0015] In accordance With the present invention, reduced 
area imaging devices are provided. The term “imaging 
device” as used herein describes the imaging elements and 
processing circuitry Which is used to produce a video signal 
Which may be accepted by a standard video device such as a 
television or video monitor accompanying a personal com 
puter. The term “image sensor” as used herein describes the 
components of a solid state imaging device Which captures 
images and stores them Within the structure of each of the 
pixels in the array of pixels found in the imaging device. As 
further discussed beloW, the timing and control circuits can be 
placed either on the same planar structure as the pixel array, in 
Which case the image sensor can also be de?ned as an inte 
grated circuit, or the timing and control circuitry can be 
placed remote from the pixel array. The terms “signal” or 
“image signal” as used herein, and unless otherWise more 
speci?cally de?ned, refer to an image Which at some point 
during its processing by the imaging device, is found in the 
form of electrons Which have been placed in a speci?c format 
or domain. The term “processing circuitry” as used herein 
refers to the electronic components Within the imaging device 
Which receive the image signal from the image sensor and 
ultimately place the image signal in a usable format. The 
terms “timing and control circuits” or “circuitry” as used 
herein refer to the electronic components Which control the 
release of the image signal from the pixel array. 
[0016] In a ?rst embodiment of the endoscope, the imaging 
device utiliZes Wired connections for interconnecting the 
various elements of the imaging device, and utiliZes Wired 
connections for transferring video images to a video display. 
[0017] In a second embodiment of the endoscope, a Wire 
less communications means may be used to alloW various 
elements of the imaging device to communicate With one 
another. Transfer of video images to a video display can also 
be achieved by the Wireless communications means. Thus in 
the second embodiment, the endoscope does not have to be 
physically connected to other operating room equipment 
Which greatly enhances the ease of using the Wireless endo 
scope. Particularly in endoscopic procedures Which are con 
ducted in hard to reach locations Within the body, a Wireless 
endoscope is advantageous because there are no trailing 
cables or sterile drapes Which otherWise complicate maneu 
vering of the endoscope. In general, enhanced maneuverabil 
ity of the endoscope is provided by the Wireless communica 
tions. 
[0018] One particularly advantageous Wireless technology 
usable With the endoscope of this invention is knoWn as 
“Bluetooth”. Another recent Wireless technology Which is 
usable With the invention is a Wireless protocol knoWn as 
“IEEE 802.15.13”. This Wireless standard is developing 
under the joint efforts of Kodak, Motorola, Cisco and the 
International Electronic and Electrical Engineers Standards 
Association (IEEE) Wireless Personal Area NetWork Work 
ing Group (WPAN). Bluetooth technology provides a univer 
sal radio interface in the 2.4 GHZ frequency band that enables 
portable electronic devices to connect and communicate 
Wirelessly via short-range ad hoc netWorks. Bluetooth radios 






















