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Areduced area imaging device is provided for use in a Wide
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device, the image sensor is placed remote from the remain
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ABSTRACT

ing circuitry. In another con?guration, all of the circuitry to
include the image sensor is placed in a stacked fashion at the
same location. In a ?rst embodiment of the invention, the
entire imaging device can be placed at the distal tip of an
endoscope. In a second embodiment, the image sensor is
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imaging device can be incorporated in the housing of a

remotely from the endoscope. In another embodiment, the
standard medical camera Which is adapted for use With
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traditional rod lens endoscopes. In yet another embodiment,
the imaging device can be Wholly incorporated Within the
endoscope by placing the image sensor and timing and
control circuitry Within the distal tip of the endoscope, and
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placing the remaining processing circuitry Within the handle
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of the endoscope. In any of the embodiments, the image
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sensor may be placed alone on a ?rst circuit board, or timing
and control circuits may be included on the ?rst circuit board
containing the image sensor. One or more video processing
boards can be stacked in a longitudinal fashion With respect
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device can be de?ned as a CMOS-CID device Wherein a user

may select an appropriate integration period in order to
enhance the vieWed image to a desired level of brightness.
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cence assisted surgery, the ability to vary and select particu
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lar charge integration periods improves these processes.
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REDUCED AREA IMAGING DEVICES UTILIZING
SELECTED CHARGE INTEGRATION PERIODS

[0001] This application is a continuation-in-part applica
tion of US. Ser. No. 09/368,246, ?led on Aug. 3, 1999, and

entitled “Reduced Area Imaging Device Incorporated
Within Surgical Instruments”, Which is a continuation-in
part of US. Ser. No. 08/976,976, ?led Nov. 24, 1997, and

larger siZe. For eXample, timing circuits, and special func
tions 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. Furthermore, 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

entitled “Reduced Area Imaging Devices Incorporated

enabled the development of a “camera on a chip.”

Within Surgical Instruments”, now US. Pat. No. 5,986,693.
This application is also a continuation-in-part application of
US. Ser. No. 09/586,768, ?led on Jun. 1, 2000 and entitled

[0006] Passive piXel-type CMOS imagers have also been

“Methods of Cancer Screening UtiliZing Fluorescence
Detection Techniques and Selectable Imager Charge Inte
gration Periods”
TECHNICAL FIELD

[0002] This invention relates to solid state image sensors
and associated electronics, and more particularly, to solid
state image sensors Which are con?gured to be of a mini

mum siZe, and Which utiliZe selectable charge integration

periods.
BACKGROUND ART

[0003]

In recent years, endoscopic surgery has become the

accepted standard for conducting many types of surgical
procedures, both in the medical and dental arenas. The
availability 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 open
ings 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 technol
ogy Which enables the image sensor to be placed at the distal
tip of the investigating device. The three most common solid

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 per
formance 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. Afurther descrip
tion of this passive piXel device may be found in co-pending
application, Ser. No. 08/976,976, entitled “Reduced Area
Imaging Devices Incorporated Within Surgical Instru

ments,” and 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 Moun

tain 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 provid
ing 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. Abrief explanation of this CCD/CMOS

state image sensors include charged coupled devices (CCD),

hybrid can be found in the article entitled “Startup Suni Bets
on Integrated Process” found in Electronic News, Jan. 20,

charge injection devices (CID) and photo diode arrays
(PDA). In the mid-1980s, complementary metal oXide semi

ence for purposes of explaining this particular type of

conductors (CMOS) Were developed for industrial use.

imaging processor.

CMOS imaging devices offer improved functionality and
simpli?ed system interfacing. Furthermore, many CMOS

1997 issue. This reference is hereby incorporated by refer

imagers can be manufactured at a fraction of the cost of

[0008] Another eXample of a recent development in solid
state imaging is the development of CMOS imaging sensor

other solid state imaging technologies.

Which is able to achieve analog to digital conversion on each

[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
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
incorporate a number of other different electronic controls
that are usually found on multiple circuit boards of much

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 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
digital imaging device includes the use of an over-sample
converter at each piXel With a one bit comparator placed at

the edge of the piXel array instead of performing all of the
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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 pro
cesses developed by Stanford University and Amain Elec
tronics 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 incorpo
rated 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.

compared to light of other Wave lengths. An endoscopic
procedure may then be used to locate the photo activated
lesions.

[0014]

Other methods relating to cancer screening using

?uorescence detection systems require the use of interven
tional devices such as endoscopes Which have the special

capability of delivering speci?ed light frequencies to a
targeted area Within a patient. These endoscopes illuminate
the targeted part of the body in Which cancer is suspected.
The light illuminates the targeted area Which has previously
been subjected to some type of ?uorescent marker, causing
the malignant cells to illuminate or ?uoresce under obser

vation of light at the speci?ed frequency.
[0015]

One distinct disadvantage or problem associated

With use of ?uorescent markers to locate and treat cancerous

tissue is that it is oftentimes dif?cult to locate the cancerous
tissue at all locations, particularly When lesions are at their
early stages in formation, or the cancerous tissue has not yet
groWn to an extent Which creates an observable amount of

[0011] Although the “camera on a chip” concept is one
Which has great merit for application in many industrial

?uorescence. Furthermore, because an endoscopic proce
dure is undertaken to locate and treat many lesions, the

areas, a need still exists for a reduced area imaging device

surgeon does not have an in?nite amount of time to locate
or treat a particular lesion. Therefore, a need exists for

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 instru
ment.

[0012]

enhancing observable ?uorescence as Well as being able to
use an imager of such a small siZe that ?uorescence endo

scopy can be used in a Wide array of surgical procedures.

[0016]

It is one object of this invention to provide reduced

area imaging devices Which take advantage of “camera on a

chip” technology, 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 investiga
tive device. It is another object of this invention to provide
loW cost imaging devices Which may be “disposable.” It is
yet another object of this invention to provide reduced area

imaging devices Which may be used in conjunction With

standard endoscopes by placing the imaging device through
channels Which normally 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

In addition to the intended use of the foregoing

invention With respect to medical purposes, it is also con

templated that the invention described herein has great
utility With respect to oral surgery and general dental pro
cedures Wherein a very small imaging device can be used to

provide an image of particularly dif?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 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 industrial boro

With imaging capability Which may be battery poWered and

scopes.

only requires one conductor for transmitting a pre-video
signal to video processing circuitry Within or outside the

[0017]

sterile ?eld of the surgical area.

incorporating such a reduced area imaging device into very
small investigative instruments Which can be used in the
medical, dental, or other industrial ?elds.

[0013] It is yet another object of the invention to provide
a reduced area imaging device Which utiliZes selected charge

integration periods in order to enhance the image in terms of
a desired brightness or intensity. In the treatment of cancer,

?uorescent markers have been used to help identify cancer
ous tissue Within a patient. One example of a prior art
reference Which discloses a method of detection and treat
ment of malignant and nonmalignant tumors is US. Pat. No.

5,211,938 to Kennedy et al. Speci?cally, this reference
discloses a method of detection of malignant and non

malignant lesions by photo-chemotherapy of protoporphyrin
IX precursors. S-amino levulinic acid (S-ALA) is adminis
tered to the patient in an amount suf?cient to induce syn

thesis of protoporphyrin IX in the lesions, folloWed by
exposure of the treated lesion to a photo activating light in
the range of 350-640 nanometers. Naturally occurring pro

The “camera on a chip” technology can be fur

thered improved With respect to reducing its pro?le area and

DISCLOSURE OF THE INVENTION

[0018] 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
computer. 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

toporphyrin IX is activatable by light in the incident red light

circuits can be placed either on the same planar structure as
the pixel array, in Which case the image sensor can also be

range Which more easily passes through human tissue as

de?ned as an integrated circuit, or the timing and control
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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

be manipulated for charge integration because CCD imagers

at some point during its processing by the imaging device,

fashion to a readout ampli?er. The same photon generated

is found in the form of electrons Which have been placed in
a speci?c format or domain. The term “processing circuitry”

piXel by piXel, one at a time, in a predesignated sequence

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.

[0019]

In a ?rst embodiment, the image sensor, With or

Without the timing and control circuitry, may be placed at the
distal tip of the endoscopic instrument While the remaining
processing circuitry may be found in a small remote control
boX Which may communicate With the image sensor by a

single cable.
[0020] In a second embodiment, the image sensor and the
processing circuitry may all be placed in a stacked arrange
ment of circuit boards and positioned at the distal tip of the
endoscopic instrument. In this embodiment, the piXel array
of the image sensor may be placed by itself on its oWn circuit

have destructive readout. In other Words, each charge is read
by transferring the collected charge in each piXel in a serial

charge collected at the piXel site is transferred (coupled)
that cannot be interrupted. When the piXel charge sequence
is transferred to the readout ampli?er, the piXel charge is

destroyed. For CID (charge injection device) imagers, piXels
accumulate charge Which is injected into the substrate.
Pixels in CID imagers can be individually accessed; hoW
ever, in doing so, the charge is not destroyed by actual
charge transfer, but is sensed and then replaced so that the
integration process is not disturbed. Light continues to be

collected for the preset integration period While the piXels
continue to be monitored. This nondestructive readout capa

bility of CID imagers makes it possible to carry out real time
eXposure monitoring and it also alloWs integration periods to

be varied such that longer integration periods represent
greater amounts of light being collected in the pixels.
[0025] By having the capability to adjust the integration
periods, ?uorescence detection can be enhanced by choosing
an integration time Which maXimiZes observable ?uores

cence. CMOS imagers also have variable charge integration
capability to enhance observed ?uorescence. As With CID

board While the timing and control circuitry and processing

imagers, integration periods in CMOS imagers may be

circuitry are placed on one or more other circuit boards.

varied, and ?uorescence detection can be enhanced by
choosing an integration period Which maXimiZes the same.
These CMOS imagers, as Well as commercially available
CMOS-CID imagers such as those manufactured by

Alternatively, the circuitry for timing and control may be
placed With the piXel array on one circuit board, While the
remaining processing circuitry can be placed on one or more

of the other circuit boards.

CIDTEC of Liverpool, NY can be modi?ed to include an

[0021] In another embodiment, the imaging device may be

imager integration time select sWitch Which alloWs an opera
tor to preselect a desired integration period Which maXi

adapted for use With a standard rod lens endoscope Wherein
the imaging device is placed Within a standard camera
housing Which is con?gured to connect to a standard “C” or
“V” mount connector.

miZes observable ?uorescence. The imagers sold by
CIDTEC are “camera on a chip” type CMOS devices. The

imager integration time select sWitch is coupled to video

[0022] In yet another embodiment, the imaging device
may be con?gured so that the processing circuitry is placed

processing circuitry by clock select circuitry Which varies
the integration period as selected by the operator. Represen
tative integration periods might include 250 milliseconds,

in the handle of the endoscope, Which eliminates the neces

500 milliseconds, 2 seconds, 3 seconds and 5 seconds. The

sity of having a remote boX When the processing circuitry is
remote from the piXel array. In this embodiment, the piXel
array and the timing and control circuitry are placed at the

operator Would adjust the integration periods to maXimiZe

distal tip of the endoscopic instrument, While the processing
circuitry is placed Within the handle of the endoscope.
[0023] For each of the embodiments, selected charge
integration periods may be used to enhance the image to a
desired brightness or intensity. Particularly in the ?eld of

medical ?uorescence detection, the ability to adjust charge
integration periods greatly enhances the ability to observe
?uorescence from a group of cells Which might otherWise be

unobservable With normal or preset integration periods.

the observed ?uorescence. For eXample, an integration
period selected at 5 seconds Would result in charge being
accumulated in the piXels of the imager for a S-second
period and thus, the observed ?uorescence intensity Would
be greatly increased in comparison to standard readout
cycles for CCD devices Which may only be one-siXtieth of
a second.

[0026] In a CMOS-CID device, photon charge collected
by the photo-diodes are injected into the piXel substrate and
stored. The photo-diodes continue to collect charge and
transfers the charge into the substrate. The charge stored in
the substrate continues to accumulate from the photo-diodes

scopic instrument, it is also contemplated that the image

until the chosen integration period ends (i.e., the integration
period selected by the user). At that time, the piXels are read

sensor may be incorporated Within a microscope, or another

out and the integration process begins again. Readout clock

imaging device Which is used to vieW cell cultures and the

select circuitry creates a frequency Which is fed into a series
of CMOS divider circuits Which divide the clock frequency

[0024]

While the imager may be used Within an endo

like. Most commonly available ?uorescence microscopes
include CCD type imagers Which are not capable of the

doWn to a user selected clock rate. The user selected clock

variable charge integration. CCD imagers are charge storage

rate Would correspond to the select sWitch positions enabling

and transfer devices Wherein the detector signal produced is
representative of the total light impinging or falling upon the
piXel array during a preset eXposure time. Because of the

the operator to have a choice of a plurality of integration
time periods. Because CMOS piXels can be accessed indi

vidually, the image can be updated as desired through

construction of CCD devices, these eXposure times cannot

various update cycles Within the display monitor, While

