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MOS COLOR CAMERA CHI P AND METHCDS OF MANUFACTURE AND OPERATI ON THERFMPB =5 «6
BACKG&CUND—CF THE I NVENTION 1. Field of the Invention This invention
relates to the design and net hods of manufacture of sem conductor
integrated circuits for color canmera chips as well as bl ack-and-white
canera chips in standard integrated circuit technol ogy, and nore
particular- Iy to MOSFET canmera chips. 2. Description of Related Art U. S
patent No. 5,350,490 of Lee for "Formng a Color Filter On A Sem conduct or
Stibstrat e" describes a nethod of formng a color filter on an integrated
circuit device for a Charge Coupl ed Devzce (CCD) or a Bucket Brigade Device
(BBD) type of system U. S. patent No 875,091 of Yanmmda et al for
“Field- Sequential Color |Imaging Apparatus” shows a rotary color filter for

an i magi ng apparatus; and an el ectrical systemfor color inmaging. In
contenporary designs, the phdﬁﬁﬂﬁﬂﬂ!ﬂlﬁﬂﬂﬁﬂﬂLﬂEﬂEﬁiﬂﬂbr cell is associated
wth a single trangjstor. I | gnal . Lgnals to the
phot odi ode share ahﬁ’@ y ARG ats “is : l%ci!:\gﬁéﬁ 3"!5, signals in

t he shared dat apat h whi ch degrade perfornance

BACKGROUND OF THE INVENTION

l. Fleld of the Invention

This invention relates to the design and methods of
manufacture of semiconductor integrated circuits'for color
camera chips as well as black-and-white camera chips in
standard integrated circuit technology, and more particular-
ly to MbSFET camera chips.

2. Description of Related Art

U.S. patent No. 5,350,490 of Lee for "Forming a quor
Filter On A Semiconductor Substrate" describes a method of
forming a color filter on an integrated circuit device for a
Charge Coupled Device (CCD) or a Bucket Brigade Device (BBD)
type of system.

U. S. patent No. 4,875,091 of Yamada et al for "Field-

~Sequential Color Imaging Apparatus" shows a rotary color
filter for an imaging apparatus; and an electrical system

for color imaging.
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In contemporary designs, the photodiode in each detec-

i

tor cell is associated with a single transistor. Hence,

both read signals and write signals to the photodiode share
J- .

a single path. This causes excessive parasitic signals in

the shared datapath which degrade performance.



-2- There are problems with a systemlevel approach of achieving color
éen3|t|V|ty i n photodi ode arrays. There are system| evel designs which use
several sets of photodi ode-arrays with one for each color and discrete
color filters and external gain-circuits, which is expen- sive. A
performance problemwi th a systemlevel circuit is that an error-correction
function is required to account for the fact that the use of nultiple

di screte phot odi ode-arrays neans that slightly different inages fall on
each array. SUMVARY OF THE | NVENTI ON An ghject of this invention is
to-all ow a MOS phot odi ode array device to detect col or inmages and provide
.accurate output signals to a display device, or other read devices. This
can be achieved by having additional steps to the MOS process to

I I I I I f
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of photodiode-arrays with one for each color and discrete
color filters and external gain-circuits, which is expen-
sive. A performance problem with a system level circuit is
that an error-correction function is required to account for .
the fact that the use of multiple discrete photodiode-arrays

means that slightly different images fall on each artay.

SUMMARY OF THE INVENTION

An object of this invention is to-allow a MOS
photodiode array device to detect color images and provide
accurate output signals to a display device, or other read
devi¢es. This can be achieved by having additional steps to
the MOS process to selectively coat an electrically passive
color filter onto the MOS wafer, to provide color sensitivi-
ty to the photodiode cells.

An object of this invention is to provide an integrated
circuit which functions as an image detector which employs
two transistors in a photosensor pixel array with reduced
parasitics.

In addition, there is a need for a single chip image
detector with an on-chip color filter.

Moreover there is a need for on chip color balancing.



detector with an on-chip col or filter. Moreover there is a need for on chip

cel or balanC|ng -3- Anot her pbject of this invention is to provide an
i mage detector with a conpact |ens arrangenent to focus |ight and reduce
the size of each individual |ight sensitive region in the device. An object

of. this invention is to provide an integrated circuit which functions as an
| mge detector which provides an output signal representing the detected

i mage with a two-di nensional array of groups of sensor cells, wherein each
of said sensor cells has a photodi ode and a pair of transistors for witing
to and reading fromsaid photodi ode. @ €ell sensing incident

el ectromagnetic radiation, and sense-anplifiers are associated with said
cells. The invention provides an MOS, nulti-color sensitive

phot odi ode-array which possesses on-chip inmage-detection, color

di fferentiationfBAEhes| ePisaFanti k Bl§cﬁ@ﬁﬁ§t1ﬂﬂo#ﬁeF°aEﬁ88§deaphémage

invention s the use,of a nmulti- phot odi ode. . There are nBIete
separate dAEHPAERE VBFhr€a8°§PaﬁEIgeﬁsréﬁﬂgnﬁeﬂﬁﬁthPtg°§P§n§F9 E gt es”)

to the phthglggethe size of each individual light sensitive region in

the device.

an object of this invention is to provide an integratea
circuit which functions as an image detector which provides
an output signal representing the detected image with a
two—dimensional array of groups of sensor cells, wherein
each of said sensor cells has a photodiode and a pair of
transistors for writing to and reading from said photodiode.
The cell sensing incident electromagnetic radiation, and
sense-amplifiers are associated with said cells.

The invention provides an MOS, multi-color sensitive
photodiode-array which possesses on-chip image-detection,
color differentiation and color-balancing schemes.

Another aspect of the invention is the use of a multi-
port photodiode. There are completely separate datapaths
for read signals ("reads") and write signals ("writes") to
the photodiode.

In accordance with this invention an integrated circuit
color image-detection system provides on-chip color differ-
entiation. For example, a plurality of color filters, whlch
are associated with the photodiodes provide color sensitivi-
ty. There are separaﬁe signal paths for the each color in-

formation signal, so that color differentiation can be



I n accordance with this invention an integrated circuit color
i'page- det ection system provi des on-chip color differ- entiation. For
exanple, a plurality of color filters, which are associated with the
phot odi odes provide color sensitivi- ty. There are separate signal paths
f@r the each color in- formation signal, so that color differentiation can
be -4- carried to the read device. There are charge-anplifiers

cl osel y-associated with each col or-detector cell or with each col um of
détector cells which detect a given color, which is necessary because of
the weak strength of the re- sidual ehfarge fromthe exposed photodi odes in
the sense- array (which is in the order or tens of fentocoul onbs). Opti onal
use is nade of separate (or nmultiple) read and wite paths to the
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col or signal 1's ddjusted using coeftficlents whi
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y. It 1s preferred that there i1s a staggered 1ayout

ar - which is necessary because of the weak strength of the re-
sidual charge from the exposed photodiodes in the sense-
array (which is in the order or tens of femtocoulombs).
Optional use is made of separate (or multiple) read and
write paths to the photodiode in each detector cell to re-
duce parasitics in each path. This is important in view of
the weak strength of the photodiode signals; There is an
on-chip color balancing scheme, in which the strength of
each color signal is adjusted using coefficients which could
be hardwired. Alternatively, the color signal adjustment
coefficients are temporarily loaded onto chip memory.

It is preferred that there is a staggered layout ar-
rangement of the detector cells within the photodiode-array
arranges the light-insensitive areas between detector cells
are irregularly. This irregular arrangement of cells pre-
vents noticeable loss or resolution due to the dead spaces
formed between regular rows or columns of light-insensitive
areas.

Preferably there are irregular arrangements or R-G-B.
detector cells within each group or detector cells are pro-
vided. For example, one group of detector cells may be ar-

ranged as R-G-B, while another is arranged as G-R-B and a



rangenment of the detector cells wthin the photodi ode-array arranges the
1ight-insensitive areas between detector cells are irregularly. This
i'rregul ar arrangenment of cells pre- vents noticeable | oss or resolution due
to the dead spaces fornmed between regular rows or col umms of
l.ight-insensitive areas. Preferably there are irregular arrangenents or
R-G B detector cells within each group or detector cells are pro- vided.

For exanpl e, one group of detector cells may be ar- ranged as R-G B, while

another is arranged as GR-B and a -5- third is arranged as B-G R This
arrangenent further reduc- es parallel serrors between each col or conponent
‘of an image signal. In accordance with this invention an integrated circuit

whi ch functions as an inage detector. The integrated circuit conprises a

d d I f I det I th th
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el ectromagne or mati on e de a photo
and transigfgagifor witing signals

In accordance with this invention an integrated circuit
which functions as an image detector. The integrated |
Circuit comprises a two-dimensional afray of rows and
columns of color detector cells with the detector cells are
associated with passband filter means for selectively
detecting electromagnetic radiation within a plurality of
bands of electromagnetic information. Each of the detector
cells has a photodiode and transistors for writing signals
to and reading signals from the photodiode. Each of the
cells includes means for sensing incident electromagnetic
radiation of a plurality of predetermined ranges of electro-
magnetic wavelengths by virtue of associated passband filter
means for the wavelength formed over the photodiodes on the
integrated circuit. The filter means has a diversity of
passbands associated with different cells in a the group,
wherein the circuit is implemented in a technology selected
from the group consisting of CMOS, PMOS, NMOS, BiCMOS and
BiMOS technologies.

Preferably the integrated circuit includes an array of
charge sense-amplifiers closely associated with the detector
cells; with separate signal paths for the plurality of

detector cells, whereby individual radiation information is



to and reading signals fromthe photodi ode. Each of the cells includes
mpans for sensing incident el ectromagnetic radiation of a plurality of
predet erm ned ranges of electro- magnetic wavel engths by virtue of

associ ated passband filter neans for the wavel ength forned over the
phot odi odes on the integrated circuit. The filter nmeans has a diversity of
passbands associated with different cells in a the group, wherein the
circuit is inplenented in a technol ogy selected fromthe group consisting
of CMOS, PMOS, NMOS, Bi CMOS and Bi MOS technol ogies. Preferably the
integrated circuit includes an array of charge sense-anplifiers closely
associated with the detector cells; wi&n separate signal paths for the
plurality of detector cells, whereby individual radiation information is
=6- not lost; the integrated circuit includes on-chip neans for radiation
band- di f f erR@% | }e$oh Phevinkegmtedapirewit pinvivdes ngnfehipameansofor
radiation band filters on the integrated circuit chip, whereby a single
matrix det dadkapiomband-diffreentiation Preyided PYHmeansuferrppevdidct i on
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circuit chip, whereby a single matrix detector array pro-
vides accurate radiation band image. reproduction in a radié-
tion band image sensing system. It is preferred that the
radiation bands are bands of color passed through a color
filter and the system provides color signals from the cells,
wherein an on-chip coloi band—balanciﬁg system is provided
for scaling a color signal anywhere in its on-chip signal
path, whereby the magnitude of the scaling transformation is
adapted to be adjusted externally to provide hue control and
enhanced color reproduction. .It is further preferred that
each color sensing cell ha§ its own charge sense-amplifier;
that the color sensing cells share charge sense-amplifiers
between a plurality of detector cells of a particular color
in a column; and /or that the integrated circuit inciudes
color sensing cells sharing of charge sense-amplifiers
between several detector cells of a predetermined colox
passband in a column of cells.

Preferably the detector cells are arranged in groups of
a plurality of cells having different passbands of sensitiv-
ity to staggered arrangement of color detector cells within
each group of detector cells which detect a single picture

element, the staggered arrangement allowing the circuit to



filter and the system provides color signals fromthe cells, wherein an
on-chip col or band-bal anci ng systemis provided for scaling a col or signal
anywhere in its on-chip signal path, whereby the nagnitude of the scaling
transformation is adapted to be adjusted externally to provide hue control
and enhanced col or reproduction. It is further preferred that each col or
sensing cell has its own charge sense-anplifier; that the color sensing
cells share charge sense-anplifiers between a plurality of detector cells
of a particular color in a colum; andy Lor that the integrated circuit

I ncl udes col or sensing cells sharing of charge sense-anplifiers between
several detector cells of a predeterm ned col or passband in a col um of
cells. Preferably the detector cells are arranged in groups of a plurality
of cells having different passbands of sensitiv- ity to staggered

ar r angenerdegctotbanges etnoluséhancei ahi houndariesubetvegnt grovpscelfl s
whi ch detect a single picture elenent, the staggered arrangenent allow ng
the circuidetector_gellsi ect changes in |um nance at boundaries between

groups of detector cells. Preferably, the integrated circuit uses an
i rregul ar Preferably, the integrated circuit uses an irregular

layout arrangement of detector cells in each pixel group of
the photodiode array. |

Preferably, the integrated circuit includes embedded
color-encoding circuitry and power-amplification circuitry
for driving a device selected from the group consisting of a
read device and a television receiver.

Preferably the integrated circuit device is able to
output a video signal; wherein a composite video signal
encompassing all the color image information, or to output
several individual color or luminance signals to a read or
display device.

Preferably, the integrated circuit detects both still
image and moving image signals.

Preferably, the integrated circuit is incorporated in a
lightweight, portable, miniature camera system.

Preferably, the integrated circuit is incorporated in a
low power camera for use in portable applications.

in accordance with this invention, an integrated
circuit functions as an image detector. The integrated
circuit comprises a two-dimensional array of rows and
columns of color detector cells with the detector cells are

associated with passband filter means for selectively



Iayout arrangenment of detector cells in each pixel group of the photodi ode
array. Preferably, the integrated circuit includes enbedded col or-encoding
circuitry and power-anplification circuitry for driving a device sel ected
fromthe group consisting of a read device and a tel evision receiver.
Preferably the integrated circuit device is able to output a video signal;
wherei n a conposite video signal enconpassing all the col or inmage

i nformation, or to output several individual color or |um nance signals to
a‘read or display device. Preferably, the integrated circuit detects both
still image and noving i mage signals. -P8eferably, the integrated circuit is
I ncorporated in a |ightweight, portable, mniature canera system
Preferably, the integrated circuit is incorporated in a |ow power canera
for use in portable applications. In accordance with this invention, an
|ntegrateddéFPEE#FQfGﬁ@?tgﬁmasge&hclﬁagéaﬁéPEcVéﬁhlnTﬁePﬂﬁF@éﬁé&e@fb|rCU|t
conpri ses gFﬂgoddlnenS|onal array of rows and col ums of_ col or. detector

cells with BFe848FtE€WP§“&Fé°a§§38F§F§d°W|thgﬂggsﬁgn&hﬁ dedeckorns for

SeIeCtiveIXells has a photodiode and transistors for writing signals
to and reading signals from the photodiode.

Each of the cells includes means for sensing incident.
electromagnetic radiation of a plurality of predetermined
ranges of electromagnetic wavelengths by virtue of associat-
ed passband filter means for the wavelength formed over the
photodiodes on the integrated circuit, with the filter means
has a diversity of passbands associated with different cells
in a the group, wherein the circuit is implemented in a
technology selected from the group consisting of CMOS, PMOS,
NMOS, BiCMOS and BiMOS technologies.

In accordance with this invention an integrated circuit
functions as a color image detector comprising a two-dimen-
sional array of groups of detector cells, each group com-
prising several detector cells adapted for sensing a differ-
ent complementary color passband color. Each of the detec-
tor cells has a photodiode and at least two transistors for
writing to and reading from the photodiode. Each of the
groups of cells includes means for sensing incident color in
the light radiation range of wavelengths of a plurality of
predetermined ranges of color wavelengths by virtue of
associated passband filter means for the wavelength formed

over the photodiodes on the integrated circuit, with the



detecting el ectromagnetic radiation within a plurality of bands of

el ectromagnetic informati on. Each of the detector cells has a photodi ode
and transistors for witing signals to and reading signals fromthe
phot odi ode. Each of the cells includes neans for sensing incident
etectromagnetic radiation of a plurality of predetermned ranges of

el ectromagneti c wavel engths by virtue of associat- ed passband filter neans
for the wavel ength formed over the photodi odes on the integrated circuit,
with the filter nmeans has a diversity of passbands associated with
different cells in a the group, whereig the circuit is inplenmented in a
technol ogy selected fromthe group consisting of CMOS, PMOS, NMOS, Bi CMOS
and Bi MOS technol ogies. In accordance with this invention an integrated
circuit functions as a color inmage detector conprising a two-di nen- sional
array of gfddperomeansedas aaliversidoh aff passhandgrasgqniakadwithiet ect or
cells adapted for sensing a differ- ent conplenentary col or passband col or
Each of th8ifdezent gelds |in dhe grawt odhakae fensaramplifiermazeors
for witing.,to and reading fromthe photaqdi ode. Each of the groups of cells

i ncl udes n&3RSelay ASERGHAF 4h Middh (1GR9 AFHETEFCH R atdh hewR of
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the phOtOdEQQ3% %QQHY%iéyéﬂyﬁ¥é¥%fg'éfgﬂénemé¥5éﬂfasuch a scheme '
ensuring that individual color information is not lost.

An integrated circuit in accordance with this invention
functions as an image detector, the integrated circuit. A
two-dimensional array of rows and columns of color detector
cells with the cells are formed into groups of at least
three detector cells.

Preferably, each of the detector cells.has a photodiode
"and transistors for writing signals to and reading signals
from the photodiode.

Preferably, each cell in a group of the detector cells
are associated with a set of passband filter means for
selectively detecting electromagnetic radiation within a
different range of bands of electromagnetic information.

Preferably, each of the cells includes means for
sensing incident electromagnetic radiation of a plurality of
predetermined ranges of electromagnetic wavelengths by
virtue of an associated passband filter means for the
wavelength formed over the bhotodiodes on the integrated
circuit, with the filter means has a diversity of passbands

associated with different cells in a group.



-9- fidter nmeans has a diversity of passbands associated with different
cells in a the group. Charge sense-anplifiers are closely associated with
the color detector cells, and there are separate signal paths for the
plurality of detector cells within each picture el enent group, such a
schene ensuring that individual color information is not lost. An
Integrated circuit in accordance with this invention functions as an i mge
detector, the integrated circuit. A two-dinmensional array of rows and

col ums of color detector cells with the cells are fornmed into groups of at
l-east three detector cells. Preferablysgeach of the detector cells has a
phot odi ode and transistors for witing signals to and readi ng signals from
t he phot odi ode. Preferably, each cell in a group of the detector cells are
associated with_a set of passband filter neans for selectively detecting

el ect romagnet i c Pr&diexabdiy .withe f id teirt meaast compgd seis ipasdd off filter
electronagnitic I nformati on. Preferably, each of the cells includes neans
for sensi n§-PRENEENToEMES: OFiRry fachc Cleidi an engsprup PfucLlsy. of

pr edet er m ned ranges of el ectramagnetic wavel engt hs by
n”integrated circuit wherein the filter means compris-

es a set of passband filter elements formed over each cell
with a first set of filter elements cells with a first color
range of filters laminated between a first transparent layer
and a second transparent layer, a second set of filter
elements cells with a second color range of filters laminat-
ed between a second transparent layer and a third transpar-
ent layer, a third set of filter elements cells with a third
color range of filters laminated between a third transparent
layer and a fourth transparent layer.

In accordance with this invention, an integrated
‘circuit functions as an image detector. The integrated
circuit comprises a two-dimensional array of rows and
columns of color detector cells with the cells are formed
into groups of at least three detector cells. Each of the
detector cells has a photodiode and transistors for writing
signals to and reading signals from the photodiode. The
cells are covered with an adjustable passband filter means
for sequentially varying the electromagnetic radiation
within a different range of bands of electromagnetic infor-
mation as a function of time. Each of the cells includes
means for sensing incident electromagnetic radiation. Means

are provided for multiplexing the detected signals from the



virtug of an associ ated passband filter neans for the wavel ength forned
over the photodiodes on the integrated circuit, with the filter nmeans has a

diversity of passbands associated with different cells in a group. - 10
- Preferably, the filter neans conprises a set of filter elenents forned
over each cell in a group of cells. An integrated circuit wherein the

filter means conpris- es a set of passband filter elenents forned over each
cell with a first set of filter elements cells with a first col or range of
filters | am nated between a first transparent |ayer and a second
transparent |ayer, a second set of filLtgr_elenents cells with a second
color range of filters |lam nat- ed between a second transparent |ayer and a
third transpar- ent layer, a third set of filter elenents cells with a
third color range of filters |am nated between a third transparent |ayer
and a four€flifakephrenideapultiphesedecnhcalwpPefsband PHEPHL §ignads
integrated _circuit functions as an inage detector. The integrated circuit
conpri ses BXPRothenERdLEmal array of rows and col umms of col or detector

cells with the cells are forned intg gr ups gt at | east three detector
cells. Each of ﬁeaccordance with thi nvention a camera system

comprising integrated circuits as described above wherein at
least two separately positioned integrated circuit image '
detectors allow a three-dimensional image to be captured, by
a means selected from:
a) detecting phase information of the incident
image on each image detector
b) using means employing triangulation to detect
the three dimensional position of a colored
object and
c) a combination of detecting phase information
and triangulation.

In accordance with another aspect of this invention, a
method is provided for forming an integrated circuit which
functions as an image detector formed on a lightly doped P-
semiconductor substrate by the series of steps of forming a
gate oxide layer on thé substrate, forming a blanket layer
of polysilicon on the substrate, patterning the polysilicon
layer into a set of gate electrodes, forming a photodiode
cell with a common drain region between a set of the gate.
electrodes and a pair of source regions adjacent to the gate
electrodes by ion implantation in the substraﬁe; with the

drain region and the substrate forming a PN photodiode, and



detector cells has a photodiode and transistors for witing signals to and
feading signals fromthe photodiode. The cells are covered with an

adj ust abl e passband filter neans for sequentially varying the

el ectromagnetic radiation within a different range of bands of

el ectromagnetic infor- mation as a function of tinme. Each of the cells

I ncl udes neans for sensing incident electromagnetic radiation. Means are
provided for multiplexing the detected signals fromthe cells to provide
mul tiple electrical passband output signals fromthe cells. In accordance
with this invention a canera system campgising integrated circuits as
descri bed above wherein at |east tw separately positioned integrated
circuit image detectors allow a three-di nensional inmage to be captured, by
a neans selected from a) detecting phase information of the incident

i mge on dspmimpge xhed st oon [passhemdiof hezers et dghephotediodeat i on to
detect the three dinensional position of a colored object and c) a

conmbi nati on of Rretexably pHthe padshand i Hhltex i9 i toxpgdibyrforming a

set of transparent layers over the device with a passband
filter located over the photodiode; and a lenslet is formed
over the passband filter.

Preferably, the cells are formed into groups of at
least three adjacent photodetector eells and a set of
different passband filters is formed for each the group of
cells by forming a set of transparent layers over the device
with a different passband wavelength range filter located
over different ones of the photodiodes;.énd é lenslet is
formed over each of the passband filters; the cells are
formed into a two-dimensional array of rows and columns of
color detector cells with the detector cells are associated
with passband filter means for selectively detecting elec-
tromagnetic radiation within a plurality of bands of elec-
tromagnetic information; and each of the cells includes
means for sensing incident electromagnetic radiation of a
plurality of predetermined ranges of electromagnetic wave-
lengths by virtue of associated passband filter means for
the wavelength formed over the photodiodes on the integrated
circuit, with the filter means has a diversity of passbands
associated with different cells in a the group, wherein the

circuit is implemented in a technology selected from the

-



I n accordance with another aspect of this invention, a nethod is provided
Tor formng an integrated circuit which functions as an image detector
formed on a lightly doped P- sem conductor substrate by the series of steps
of formng a gate oxide layer on the substrate, formng a bl anket |ayer of
pol ysilicon on the substrate, patterning the polysilicon layer into a set
of gate electrodes, form ng a photodiode cell with a common drain region
between a set of the gate el ectrodes and a pair of source regions adjacent
tto the gate electrodes by ion inplantation in the substrate, with the drain
region and the substrate formng a PN phot odi ode, and - 12 - formng a
radi ati on passband filter over the photodi ode. Preferably, the passband
filter is formed by formng a set of transparent |ayers over the device

W th a passband filter |ocated over the photodiode; and a lenslet is forned
over the p@%SBRnEonsissingpodt EMISI,y PMOfe NMOSs BAEMOS: ddd BiMOSyr oups of
at |l east three adjacent photodetector cells and a set of different passband
filters i stPERRAREOBEPSeach the group of cells by form ng a set of

transparent | ayers _over .the device wt .di fferent. passband wavel engt h
rangepfilter |g gggaragly, the passggng %1qter is fo%med %y a variaﬂie

wavelength passband filter located over the photodiode.
Preferably, the cells are formed into a two-dimensional
array of rows and columns of color detector cells with the
detector cells are associated with passband filter means for
selectively detecting electromagnetic radiation within a
plurality of bands of electromagnetic information. Each of
the cells includes means for sensing incident electromagnet-
ic radiation of a plurality of predetermined ranges of
electromagnetic wavelengths by virtue of associated passband
filter means for the wavelength formed over the photodiodes
on the inﬁegrated circuit, with the filter means has a
diversity of passbands associated with different cells in a
the group, wherein the circuit is implemented in a technolo-
gy selected from the group consisting of CMOS, PMOS, NMOS,

BiCMOS and BiMOS technologies.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects and advantages of this
invention are explained and described below with reference-

to the accompanying drawings, in which:



Qver different ones of the photodi odes, and a lenslet is fornmed over each
of the passband filters; the cells are fornmed into a two-dinensional array
of rows and columms of color detector cells with the detector cells are
associated wth passband filter neans for selectively detecting el ec-
tromagnetic radiation within a plurality of bands of elec- tromagnetic

I nformati on; and each of the cells includes neans for sensing incident

el ectromagnetic radiation of a plurality of predeterm ned ranges of

el ectromagneti c wave- |engths by virtue of associ ated passband filter neans
for the wavel ength fornmed over the photodi odes on the integrated circuit,
with the filter neans has a diversity pof passbands associated with
different cells in a the group, wherein the circuit is inplenented in a
technol ogy sel ected fromthe - 13 - group consisting of CMOS, PMOS,
NMOS, Bi CMOS arrid MOS ¢ ex lbdelgi disagrfanefeff adn yintdyratosbimincdit ter is
formed by a variabl e wavel ength passband filter |ocated over the

phot odi odeolene feanshta) ,cliipe ieldccardardcs meikh tlois invvendi iomsincikdd-ar r ay
of rows and columms of color detector cells with the detector cells are
associ at edng 2 Yhresaeldr |Iphotodetrctor array.

FIG. 2A is an electrical schematic diagram of a portion
of a single photosensor cell in accordance with this inven-.
tion which is a component of the three color photodetector |
array of fIG. 1.

FIG. 2B is a partially schematic, sectional view of an
embodiment of the cell of FIG. 2A, which is formed on a P-
doped silicbn semiconductor substrate. |

FIG. 2C is an idealized diagram illusﬁréting the trace
of the precharge control voltage V,. amplitude of the
photosensor cell of FIGS. 2A and 2B shown varying as a
function of time.

FIG. 2D shows an idealized diagram illustrating the
voltage amplitude trace of sensing control voltage Vs. of
the photosensor cell of FIGS. 2A and 2B varying as a func-
tion of time.

FIG. 3 shoﬁs a sectional view of an array of sensors
with each cell comprising a portion of a polychrome triplet
with red, blue and green filters a three color system such
as the RGB (Red-Green-Blue) system.

FiGS. 4A - 4H illustrate a process of manufacture in
accordance with this invention of devices similar to the one

shown in FIG. 2B.



sel ectively detecting el ectromagnetic radiation within a plurality of bands

of electromagnetic information. Each of the cells includes neans for

sensing incident electromagnet- ic radiation of a plurality of

predet erm ned ranges of el ectromagnetic wavel engths by virtue of associ ated

passband filter neans for the wavel ength forned over the photodi odes on the

integrated circuit, with the filter neans has a diversity of passbands

associated with different cells in a the group, wherein the circuit is

i pl emented in a technolo- gy selected fromthe group consisting of CM3S,

PMOS, NMOS, Bi CMOS and Bi MOS t echnol ogies. BRI EF DESCRI PTI ON OF THE

DRAW NGS The foregoing and other aspects and advantages of this invention

are expl ai ned and descri bed below with reference to the acconpanying

drawi ngs, in which: - 14- FIG 1 is a block diagram of an

i nt egrat ed-ci r cBIG.cBAoshoaseaa olrthogonadceartangementhoifhithrieey eettison

includ- ing a three color photodetector array. FIG 2A is an electrical

schemat i ¢ df aBr@nBofletepbori crlds whichgleaprst deadsareas| betwegacor dance

with this inven- tion which is a conponent of the three col or photodetector
' cells from left to right and top to bottom.

FIG. 5B shows an arrangement of hexagonal dispersion of
detector cells in accordance with this invention with the
photodiode detector array divided into an RGB triplet. The
cells in the triplet shown in FIG. 5B are similar, except
that each is associated with a color filter of a different
color.

FIG. 5C shows an example of group staggering of the
type of cell shown in FIG. 5B. A group of detector cells
has a layout of a regular hexagon. Thus, the matrix array
is arranged as a "honeycomb" of such groﬁps of a group of
cells based on a detector cell. The concept of cell stag--
gering may also be applied to black and white image detector
arrays..

FIG. 7 shows a sectional view of a device in accordance
with this invention illustrating how differentiation in
optical characteristics for each color filter may be
achieved by applying electrical stimuli to a variable
optical passband filter. The filter is formed of three
separate layers with separating dielectric layers.

FIG. 8 is a circuit diagram of the color balancing

on-chip variable gain amplifier seen in FIG. 1.



array.of FIG 1. FIG 2B is a partially schematic, sectional view of an
enbodi nent of the cell of FIG 2A, which is forned on a P- doped silicon
sem conductor substrate. FIG 2C is an idealized diagramillustrating the
trace of the precharge control voltage V[ierr] anplitude of the photosensor
cell of FIGS. 2A and 2B shown varying as a function of tine. FIG 2D shows
an idealized diagramillustrating the voltage anplitude trace of sensing
control voltage V[err] of the photosensor cell of FIGS. 2A and 2B varying
as a func- tion of time. FIG 3 shows asgectional view of an array of
sensors with each cell conprising a portion of a polychrone triplet with
red, blue and green filters a three color systemsuch as the RGB

(Red- Green-Bl ue) syst ®ESCRIBTIONAOF AHE IFRERERRED EMBORIMENDf nanufacture
in accordance with this invention of devices simlar to the one shown in

FIG 2B. - 15 - Fl GDe#aideshwwenciptiogoefl the dnwendfiomf three sets of

R-G B detector cells which | eaves dead areas between
: Color Camera Chip

In FIG. 1, a block diagram is shown for an integrated-
Ccircuit, color camera chip 9. Thé chip 9 includes a three-
color photodetector pixel array 10 which possesses color |
sensitivity and employs grouping of closely-adjoined light-
detecting cells 10' (seen in FIGS. 2A and 2B) incorporating
a plurality of color filters) which are associated with
photodiodes PD (FIGS. 2A and 2B) to provide color sensitivi-
ty. A line address decoder 11 is provided to address the
pixel array 10. AEC (Automatic Exposure Control) block 12
provides a timing signal on line 14 which determines the
duration of exposure-of the pixel array before the image
projected thereon is read in each cycle.

A pixel detector 15 is connected to the output of the
cells in the pixel array 10 for providing output on red
output line 16, green output line 17 and blue output
line 18. sSeparate signal paths are provided between the
array 10 and the pixel detector 15 for each color informa-
tion signal, so that color differentiation can be carried to
the external read device, which is connected to lines 29,
30, 31 and 32. Red output line 16 from pixel detector 15
is connected to the input of red adjustable color balance
amplifier 19. Green output line 17 from pixel detector 15

is connected to the input of green adjustable color balance



gells.fromleft to right and top to bottom FIG 5B shows an arrangenent of
hexagonal dispersion of detector cells in accordance with this invention

wi th the photodi ode detector array divided into an RG triplet. The cells
in the triplet shown in FIG 5B are simlar, except that each is associ ated
wiith a color filter of a different color. FIG 5C shows an exanple of group
staggering of the type of cell shown in FIG 5B. A group of detector cells
has a | ayout of a regular hexagon. Thus, the matrix array is arranged as a
"honeyconmb"” of such groups of a group of cells based on a detector cell.
The concept of cell stag- gering may alFsb’be applied to black and white

I mge detector arrays. FIG 7 shows a sectional view of a device in
accordance with this invention illustrating how differentiation in optical
characteristics for each color filter may be achi eved by applying

el ectricalamplifiert 20a vBluebbetppti tdhepd8sbrnon pikedrdefhotdbicl 46r iss
formed of three separate |layers with separating dielectric |layers. FIG 8

i s a circurengeagedntof threlophtr ofabanei AdJuatahle gaterbbalgace anplifier

seen in FIG 1.
amplifier 21. The output line 22 of red amplifier 19, the

output line 23 of green amplifier 20 and the output line 23
of blue amplifier 21 are connected to red, green and blue
inputs to the ADC (Analog-to-Digital Converter) block 25.
The color balance amplifiers 19, 20 and 21 are close-
ly-associated with each color-detector cell or with each
column of detector cells which detect a particular color.
This is necessary because of the weak strength of the
residual charge from the exposed photodiodes PD in the
photodetector array 10 (which is in the order or tens of
femtocoulombs). Amplifiers providing this function are seen
in FIG. 4 of copending U. S. application Serial No.
of Liang Jie and Siang-Tze Wee for "MOS FET Camera Chip and
Methods of Manufacéure and Operation Thereof" (TM 95-001).
The color balance amplif;ers 19, 20 and 21 provide an
on-chip color balancing scheme, in which the strength of
each color signal may be adjusted using coefficients which
are hardwired. Alternatively they can be temporarily loaded
onto chip memory which comprises gain setting registers 19a,
20a and 2la connected via lines l1l6a, 17a, and 18a to providé
input signals to charge color balance amplifiers 19, 20

and 21.



- 16 - DESCRI PTI ON OF THE PREFERRED EMBODI MENT Det ai | ed Description of the
Invention Color Canera Chip In FIG 1, a block diagramis shown for an
i ntegrated- circuit, color canera chip 9. The chip 9 includes a three-
col or phot odetector pixel array 10 which possesses color sensitivity and
enpl oys groupi ng of closely-adjoined |light- detecting cells 10" (seen in
FIGS. 2A and 2B) incorporating a plurality of color filters, which are
associ ated with photodi odes PD (FIGS. 2A and 2B) to provide col or
sensitivi- ty. A line address decoder 11 is provided to address the pixel
array 10. AEC (Automatic Exposure Contnel} block 12 provides a timng
signal on line 14 which determ nes the duration of exposure of the pixel
array before the inmage projected thereon is read in each cycle. A pixel
detector 15 is connected to the output of the cells in the pixel array 10
for providi ng ThepADCoR25r hdsooupput! ldeel@y? 'gwhdchockputielsi ae digiand bl ue
output line 18. Separate signal paths are provided between the array 10 and
t he pi xel tieedcred $ighel,ecaubput| dinenld@r tawhicbnceirgisls, asdigidized or
differentiation can be carried to the external read device, which is
connect edd¥een; fégnad, agd, ogtputdline 27R4d whight chrrdesc af digitiized
detector 15 is connected to_the input of red adjustabl e col or bal ance
. blue signal. The ADC 25 takes the input signals on lines 22,

23, and 24 and processes them from the three RGB analog

signals into three corresponding RGB digital signals provide

on line(s) 27', 27'', and 27'"'"',

Output lines 27°', 27"{'and 27''' are connected to the
input of video encoder block 28 which processes the digitél
data to yield luminance signals on output line 29.

There are chrominance signals on output line 30 with
composite signals on output line 31. There are RGB/YUV
(Red-Green-Blue)/(Y (luminance) U = 0.492 (blue'- luminance)

V = 0.877 (Red' luminance) signals on output line 32.

The video encoder 28 receives RGB signals in an ana-
log/digital format,

Standard:

PAL (Phase Alternation Lines) which implements a line-by-
line reversal of the phase of a color signal component
NTSC (National Television System Committee)

SECAM (SEquentiel Couleur Avec Mémoire)

FIG. 5A shows an orthogonal arrangement of three sets
of R-G-B detector cells which leaves dead areas DA between

cells from left to right and top to bottom. To avoid the



amplifier 19. Geen output line 17 from pi xel detector 15 is connected to
the input of green adjustable color bal ance -17 - anplifier 20. Blue
output line 18 from pi xel detector 15 is connected to the input of blue
adj ust abl e col or bal ance anplifier 21. The output line 22 of red anplifier
39, the output line 23 of green anplifier 20 and the output |line 23 of Dblue
anplifier 21 are connected to red, green and blue inputs to the ADC

(Anal og-to-Digital Converter) block 25. The col or bal ance anplifiers 19, 20
and 21 are close- |ly-associated with each col or-detector cell or with each
colum of detector cells which detect ajparticular color. This is necessary
because of the weak strength of the residual charge fromthe exposed
phot odi odes PD in the photodetector array 10 (which is in the order or tens
of fentocoul onmbs). Anplifiers providing this function are seen in FIG 4 of
copendi ng ProbBlemsppresensedsbyi hendeags areasy Hne axx@ngelegtTod Wax-f or
"MOS FET. Canera_ Chip and Mt hods of Mnufacture and Operation Thereof" (TM
95-001). TREOBBLoAiSREEALENARS| Artersoroceddsadd PFOYAG€Hde an on-chip

col or bal anci ng henqe, in which the strength of .each color _signal my be
adj ust ed usi ng 53 fS%iéhPyswﬁiEﬂlt set’ 8196} ed green, and Blie

cells 56, 57 and 58 with respectively are shown having dia-
mond shapes rotated by 120° to form an overall equilateral'
hexagon, filling the spaces in between.

The photodiode detecfor array 10 is divided into trip-
lets shown in FIGS. 3, 5B, 5C and 6. The cells 56, 57 and
58 in a triplet shown in FIG. 5B are similar, except that
each is associated with a color filter of a different color.
Hence, each cell in a polychrome triplet such as that shown
in the a sectional view in FIG. 3 in cells 61 and 62 in an
array of sensors 42A- 42E in device 40 has red filters 49,
49', a blue filter 48 or green filters 50, 50' in a three
color system such as the RGB (Red-Green-Blue) system. The
proximity and small size of the cells in such a polychrome
triplet 41 allows each cell to differentiate, accurétely,
the color components for each picture element of the detect-
ed image.

Referring to FIG. 1, this color information is adjusted
on the chip 9 for color, for brightness and for contrast
before being sent to an external read device or an external
display device. The qolor filter is a series of passive
layers such as a red filter 49, 49', a blue filter 48 or a

green filter 50, 50' sandwiched between transparent



are hardwired. Alternatively they can be tenporarily | oaded onto chip
menory whi ch conprises gain setting registers 19a, 20a and 2la connected
via lines 16a, 17a, and 18a to provide input signals to charge col or

bal ance anplifiers 19, 20 and 21. - 18 - The ADC 25 has output |ine 27
which carries a digi- tized red signal, output line 27'' which carries a
digitized green signal and output line 27''' which carries a digitized blue

signal . The ADC 25 takes the input signals on |lines 22, 23, and 24 and
processes themfromthe three RG anal og signals into three correspondi ng
RGB digital signals provide on line(s) 287~, 27'', and 27'''. Qutput |ines
27", 27", and 27''' are connected to the input of video encoder bl ock 28
whi ch processes the digital data to yield |um nance signals on output |ine
29. There _are chrom nance signals on output Iine 30 with conposite signals
on out putdiehecBric Thayersr €3 RGB! Y45 ( RS, Grrdnd Bl or) Lty {htegrated) U =
0.492 (blug'- lum nance) V = 0.877 (Red' |um nance) signals on output line
32. The \FHeuthcowefaos vhieh permds sthmseleqt bye sbansnigsiontaf

f ormat , .
light or electromagnetic radiation of certain frequency

ranges.

The filter materials are coated onto the semiconductor
substrate 41 after the latter has undergone conventional MOS
processing steps as will be described below.

FIG. 5C shows a group of detector cells 61-76, provid-
ing an example of staggering of a group of the type of cells
shown in FIG. 5B with the layout of a regular hexagon, which
is described further below.

FIG. 6 shows a plurality of hexagonal clusters arranged
with one cluster per pixel. The sets of clusters 80, 80°'
8o'', 82, 82*', 82'*, 84, 84', B4'' are provided with one
Cluster per pixel. Each cluster 80, 80' 80'', 82, B2',
82'', 84, 84', B84'' is composed of three diamond shaped RGB
Cells in each cluster which are arranged into a composite
arrangement of the cells packed into a compact structure.

Pixel Array Photosensor Cell

Referring to FIGS. 2A-2D, in accordance with this in-
vention, in order to simplify the decoding and timing logic,
reading and writing to each photodiode PD in a pixel array -
cell 10' is achieved by having more than one transistor T.
and T, associated with the photodiode PD. 1In a typical MOS

implementation, this scheme is realized by using transistors



Standard: PAL (Phase Alternation Lines) which inplenents a |ine-by- |ine
reversal of the phase of a color signal conponent NTSC (National Television
System Conmittee) SECAM (SEquentiel Coul eur Avec Menoire) FIG 5A shows an
ort hogonal arrangenment of three sets of RRG B detector cells which | eaves
dead areas DA between cells fromleft to right and top to bottom To avoid
t he - 19 - problens presented by the dead areas, an arrangenent of hex-
agonal di spersion of detector cells is provided. FIG 5B shows a unit set
61 of red, green, and blue cells 56, 57.and 58 with respectively are shown
havi ng di a- nond shapes rotated by 120f%TT] to forman overall equil ateral
hexagon, filling the spaces in between. The photodi ode detector array 10 is
divided into trip- lets shown in FIGS. 3, 5B, 5C and 6. The cells 56, 57
and 58 in a triplet shown in FIG 5B are simlar, except that each is
associ at ed thiath shagel er commogy ddif fasdionf areat De@isothedandraiagch e in a
polychrome triplet such as that shown in the a sectional viewin FIG 3 in

cel s 61 afdféusipnaargar By fyncideas: atathe ipterfage, widh-henSuhsy

filters 49
strate (or well) 35 as the photodiode PD. In a contemporary

0.6 um process, the additional gate and source area required
by having the two transistors T, and T, does not signifi- ‘
cantly increase device size, since the additional areas re-
quired for the transistors T, and T, are significantly
smaller than the common drain-diffusion area.

The invention seeks to reduce parasitic signals and to
simplify read and write decoding logic by associating more
than one transistor with each photodiode PD. 1In this MOS
implementation, such a scheme is realized as shown in
FIG. 2B by using transistors T, and T, that share the common
diffusion region D in P-substrate 35. A portion of the dif-
fusion region D functions with substrate 35 as the |
photodiode PD. 1In the conventional 0.6 um process, the ad-
ditional gate and source area required by having two tran-
sistors does not significantly increase device size, since
these additional areas are significantly smaller than the
common diffusion area. For more complicated designs, it may
be useful to have more than two transistors associated with
each photodiode PD. The design of FIGS. 2A and 2B provides
multiple read or write paths to the photodiode PD.

FIG. 2A is an electrical schematic diagram of a portion

of a single photosensor cell 10' in accordance with this



49', a blue filter 48 or green filters 50, 50" in a three col or system such
as the RGB (Red-Geen-Blue) system The proximty and small size of the
cells in such a polychrone triplet 41 allows each cell to differentiate,
accurately, the color conponents for each picture elenment of the detect- ed
I-mage. Referring to FIG 1, this color information is adjusted on the chip
9 for color, for brightness and for contrast before being sent to an
external read device or an external display device. The color filter is a
series of passive layers such as a red-f#3 ter 49, 49', a blue filter 48 or
a green filter 50, 50' sandw ched between transparent - 20 - dielectric
| ayers 43, 44, 45, 46, and 47 on the integrated circuit surface which
permits the selective transm ssion of light or electromagnetic radiation of
certain frequency ranges. The filter materials are coated onto the
sem conductiavestisir,atmwhich dfs darhet iprdfarmed leabadigmmgoref ddnieenknweret MOS
processing steps as will be described below. FIG 5C shows a group of
detect or c&lon-61CRIL Fdviid a mpmpensndnsife tdfe SIRRAPPHI a group of
the type of cells

photodetector array 10 of FIG. 1.

FIG. 2B is a partially schematic, sectional view of an
embodiment of the cell 10' of FIG. 2A, which is formed on a
P- doped silicon semiconductor substrate 35 having a surface
covered by a conventional dielectric layer GX comprising a
silicon dioxide gate oxide (oxide) layer. The cell 10' in-
cludes MOS transistors T, and T, and an incident-light-sen-
sor in the form of the photodiode PD formed in and on the P-
doped silicon semiconductor substrate 35.

Referring to FIG. 2A, photosensor cell 10' serves as a
detector for one pixel in the array of cells represented by
photodetector pixel array 10 (PPA) in FIG. 1. Cell 10°
comprises two MOS transistors T. and T, and the photosensor
which comprises photodiode PD. 1In FIG. 2A, the drain D, of
the first transistor T, and the drain D, of the second
transistor T,, are both connected at node N, to the cathode
(N type region) of the photodiode PD. The photodiode PD is
a conventional photodiode formed by a P-N junction which is
operated under reverse bias. When an optical signal IL
energizes the photodiode PD, the depletion region in the
diode PD separates photogenerated electron-hole pairs, and

an electric current flows in the external circuit from node

N., to ground in the conventional manner of operation of a



shown.in FIG 5B with the |ayout of a regular hexagon, which i-s described
further below. FIG 6 shows a plurality of hexagonal clusters arranged wth
one cluster per pixel. The sets of clusters 80, 80" 80'', 82, 82', 82'',
84, 84', 84'' are provided with one cluster per pixel. Each cluster 80, 80
80'', 82, 82', 82'', 84, 84', 84'' is conposed of three dianond shaped RGB
cells in each cluster which are arranged into a conposite arrangenent of
the cells packed into a conpact structure. Pixel Array Photosensor Cel
Referring to FIGS. 2A-2D, in accordance with this in- vention, in order to
sinmplify the decoding and timng Iogich_ﬁgqging and witing to each
phot odi ode PD in a pixel array cell 10" i'S achieved by having nore than one
transistor T[err] and T[err], associated with the photodiode PD. In a
typical MOS inplenentation, this schene is realized by using transistors

- 21 - thaPhehedéodecon®he anedespfnthecbhetadiedei PDdisi sennersedi tousi on
area D functions at the interface with the sub- strate (or well) 35 as the
phot odi 0ode9PBENEn a contenporary 0.6 pm process, the additional gate and

source area requhred bg having the two_transistors T err; and_T[err] does
not signifi- TIne negative términal of D.C. power supply, voltage

source V1 (+3.0 Volts) is connected to ground. The positive
terminal of voltage source V1 is connected via line L6 to
the source S, of first transistor T., so that when the
control gate electrode (gate) of the first, precharge
control transistor T, rises, the voltage V1 is applied to
node Nd, which will precharge the node Nd to an initial
vo;tage V1, by means of showing a finite quantity of charge
at node Nd. The gate of control transistor Ta is connected
to line PC which is connected to the junction of the S/D
circuits of transistors Tc and Tc'. To operate the first,
control transistor Ta, the gate of transistor Ta is con-
trolled via transistors Tc and Tc' by a logic signal on line
26 from precharge timing control circuit 25 of the kind
shown in copending United States patent application of Liang
Jie and Wee Siang-Tze (TMI 95-001) for MOS FET CAMERA CHIP
AND METHODS OF MANUFACTURE AND OPERATION THEREOF, Serial No.
08/ p filed 1996 The precharge control
voltage V.. at the gate of control transistor Ta is de-
scribed below in connection with the description of FIG. 2C.
The precharge control voltage V.. serves as the “"write"
control of the device 10'. The sensing control voltage Vgc

serves as the "read” control of the photosensor cell 10°'.



cantly increase device size, since the additional areas re- quired for the
transistors T[err] and T[err] are significantly smaller than the comon
drai n-di ffusion area. The invention seeks to reduce parasitic signals and
to sinmplify read and wite decoding | ogic by associating nore than one
transi stor with each photodiode PD. In this MOXS inplenmentation, such a
schene is realized as shown in FIG 2B by using transistors T[err] and
T[err] that share the common diffusion region Din P-substrate 35. A
portion of the dif- fusion region D fungtions with substrate 35 as the
phot odi ode PD. In the conventional 0.% Ppniprocess, the ad- ditional gate
and source area required by having two tran- sistors does not significantly
i ncrease device size, since these additional areas are significantly
smal | er than the common diffusion area. For nore conplicated designs, it
may be useThe gatgaed eongrodatransistomsTbt dsscansaoildedd wiia transis-
phot odi ode PD. The design of FIGS. 2A and 2B provides multiple read or
write pat h§oF8 frﬁeaﬂﬁofr%di S¥e appogircsignals oan ldnec 5’ c whichh giravides

di agram of a portion of a single photosensor cell 10" in_accordance with

this - @2conpgeiionofroghildme; addxess: deepred didvhdd F&- di- t he i nven-
voltage level V4. at the gate of transistor Tb is described

below in connection with the description of FIG. 2D.

FIG. 2C is an idealized diagram illustrating the trace
of the precharge control voltage V.. amplitude shown varying
as a function of time. Voltage V.. repeats in a cyclical
pattern at the repetition rate of the photosensitive pixel
array 10, as will be well understood by those skilled in the
art.

In FIG. 2C, starting at time t0, the voltage V..
remains ét a quiescent value near zero and tﬁen at time tl,
Ve rises sharply in a square wave to a positive voltage:
which persists from time tl to time t2 which positive
voltage turns on first control transistor Ta so that it
conducts current from voltage source V1. At time t2, the
voltage V,. drops sharply back to near zero turning control
transistor Ta off again.

The control gate electrode (gate) of the second, sens-
ing control transistor Tb is controlled via transistors Td
and Td* by the logic signal bn line 15'. Line 15' connects
to the line address decoder 11 to provide the sensing |
control voltage to the photosensor cell 10' in pixel ar-

ray 10.



tion..Cell 10" is a conponent of the three col or photodetector array 10 of
FIG 1. FIG 2B is a partially schematic, sectional view of an enbodi nent
of the cell 10' of FIG 2A, which is formed on a P- doped silicon

sem conductor substrate 35 having a surface covered by a conventi onal
dielectric layer GX conprising a silicon dioxide gate oxide (oxide) |ayer.
The cell 10" in- cludes MOS transistors T[err] and T[err] and an
incident-light-sen- sor in the formof the photodiode PD fornmed in and on
the P- doped silicon sem conductor substrate 35. Referring to FIG 2A
phot osensor cell 10' serves as a detectdr-for one pixel in the array of
cells represented by photodetector pixel array 10 (PPA) in FIG 1. Cell 10
conprises two MOS transistors T[err] and T[err] and the photosensor which

conprises photodiode PD. In FIG 2A the ain err] of the first
transi stor T[er FEGan@Di H& anaiidepldref Gﬂaﬂﬁémségh F&ﬁ?ﬂéF@F T[err], are

bot h connect d at nod err] to the cath the -
phot odi odeVPBF28fe 8 5& grpseigf Sehf Eﬁt%BH%%ggh &P &b fasy ned by a

P- N t d b t | |
uﬁﬁ%ﬁ%ﬁﬁW%ﬂﬂﬁﬂ&%%%Hwyw'w
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manner of gBgEaLeOY O also repeats in a cyclical pattern at the
repetition rate of the photosensitive pixel array 10, as
will be well understood by those skilled in the art.
FIG. 2D has the same time coordinates as FIG. 2C to show the
time delay between the.pulses which energize the gates of
the control transistors Ta and Tb.

When the time arrives for reading the voltage in a giv-
en cell 10', the voltage Vg4 rises sharply in a square wave
to a positive value which persists from time t3 to time t4,
to turn on transistor T,,. After time t4, the voltage Vg
drops sharply back to zero thereby turning off transis-
tor T.,. Note that time t3 occurs a substantial time inter-
val after time t2, when voltage V.. drops, which gives node
N, of the cell 10' a time interval during which it can be
discharged because of the intervening conduction of the
photodiode PD from node Ny to ground, if incident light IL
hits the photodiode PD. On the other hand if no light IL
strikes the photodiode PD during the time from tl fo
time t3, then the voltage on node N, remains high and the
voltage on line 18 remains ne;fIS Volts, and the charge re-

mains on node N, during the time interval t2 - t3.



- 23 - photodi ode. The anode of the photodi ode PD is connected to ground.

x

The negative termnal of D.C. power supply, voltage source V1 (+3.0 Volts)
is connected to ground. The positive term nal of voltage source V1 is
connected via line L6 to the source S,, of first transistor T[err], so that
when the control gate electrode (gate) of the first, precharge contro
transistor T[err] rises, the voltage V1 is applied to node Nd, which wll
precharge the node Nd to an initial voltage V1, by neans of showi ng a
finite quantity of charge at node Nd. The gate of control transistor Ta is
connected to line PC which is connectegl6t-0 the junction of the S/D circuits
of transistors Tc and Tc'. To operate the first, control transistor Ta, the
gate of transistor Ta is con- trolled via transistors Tc and Tc' by a logic
signal on line 26 fromprecharge timng_control circuit 25 of the kind

shown i n copend*RgPEAFtdgest hesrpaidHalafhrrast PBnnBHe Nangfses &he we
Si ang- Tze éTNl 95-001) .for MOS_FET CAMERA CHI P, AND QETHEDS OF MANUFACTURE
AND OPERATHERETHRREEEAlSEE 7 tRovapaes inversplycyith the summed iags The

prechar 0° EORLERl 4R LAASs¥ERhRhe, ThohRoeRBERo R aERnp tpb R T5eY 1012 1°

terval t2 - t3. Line 18, which comprises a portion of ca-
ble 18C in FIG. 1, is connected from the source S, of tran-
sistor T,, to a corresponding one of the pixel amplifiers 19,
20 or 21.

When an optical signal 1L of radiation directed towards
PPA 10 strikes cell 10' and energizes the photodiode PD, the
depletion region in the diode PD separates photogenerated
electron-hole pairs, and an electric current flows in the
external circuit from node Ny to ground in the conventional
manner of operation of a photodiode PD. The anode of the
photodiode PD is connected to gfound. The negative terminal
of D.C. power supply voltage source V1 (+3.0 Volts) is also
connected to ground. The positive terminal of voltage
source V1 is connected via line L6 to the source S, of first
control transistor T,, so that when the control gate elec-
trode (gate) of the first, precharge control transistor T,
rises, the voltage V1 is applied to node N,, which will
precharge the node Ny to an initial voltage V1, by means of
showing a finite quantity of charge at node N,. The gate -of
control transistor T, is connected to line PC which is
connected to the junction of the drains of a PMOS transistor

T.. and an NMOS transistor T.'. The source of PMOS



The precharge control voltage V[err] serves as the "wite" control of the
device 10'. The sensing control voltage V[err] serves as the "read" control
of the photosensor cell 10'. - 24 - The gate of control transistor Tb is
controlled via transis- tors Td and Td' by a logic signal on line 15 which
provi des a connection fromline address decoder 11 in FIG 1. The voltage
| evel V[err] at the gate of transistor Tb is described bel ow in connection
with the description of FIG 2D. FIG 2Cis an idealized diagram
illustrating the trace of the precharge control voltage V[err] anplitude
shown varying as a function of tine. Vbl.fge V[err] repeats in a cyclical
pattern at the repetition rate of the ph®Gtosensitive pixel array 10, as
will be well understood by those skilled in the art. In FIG 2C, starting
at time to, the voltage V[err] remains at a quiescent_value near zero and
then at tikEansistpEr I} Apseenspgtphytonbhagqyatbagsy¥npodBdpsle:ive
vol tage which persists fromtine t1l to tine t2 mhicg Eositive vol t age turns
u

on first cBAYFER PEaNYPS: sramgistornde’ i £5cEARBETECEUFPeAFORRGm vPt age

source VL cBbrbbI®chd eilge)okbafsoY erhhsfiene 027 hY Bagk by near zero
transistor T, is controlled via application to the gates of
transistors T. and T.' of a logic signal on line 26 from
precharge timing control circuit 25. The precharge control
voltage V.. at the gate of control tfansistor T. is de-
scribed below in connection with the description of FIG. 2C,
below.

The precharge control voltage V.. serves as the "write"
control of the cell 10'. The sensing control voltage Vg
serves as the "read" control of the photosensor cell 10°'.
The gate of control transistor T, is connected to line PC
to be controlled which by the voltage at the junction of the
drains of PMOS transistor T4 and a NMOS transistor T,'. The
source of PMOS transistor T, is éonnected to bias voltage
Vi, and the source of NMOS transistor T.' is connected to
ground. The gates of PMOS transistor T, and NMOS transis-
tor T,' are connected to be controlled by a logic signal on
line 15' from the line address decoder 11. The voltage
level V4. at the gate of transistor T, is described below in
connection with the description of FIG. 2D.

FIG. 2B shows the sensor cell 10' of FIG. 2A in an MOS

n-channel photodiode implementation.



transi.stor Ta off again. The control gate electrode (gate) of the second,
sens- ing control transistor Tb is controlled via transistors Td and Td' by
the logic signal on line 15 . Line 15 connects to the |line address decoder
11 to provide the sensing control voltage to the photosensor cell 10" in
pixel ar- ray 10. - 25 - FIG 2Dis an idealized diagramillustrating
the voltage anplitude trace of sensing control voltage V[err] varying as a
function of tinme. The same tines to, t1, t2 and t3 shown in FIG 2C are

i hdi cated bel ow the trace. Voltage V[err] also repeats in a cyclical
pattern at the repetition rate of the phpi@gpnsitive pi xel array 10, as
wll be well understood by those skilled Tn the art. FIG 2D has the sane
time coordinates as FIG 2C to show the tinme delay between the pul ses which

e e, o R sERR, B bR, S8 LB, B ucictel IS,

15r0 11 meopgnofly NiTHBRRA TR 1B, BPBYRh, Py TnaPhH sHBRERRRE BN Uabege T

Merr] common drain region D includes the drain D, of the first
transistor T,, the N region (cathode) of the PN photodiode
PD, and the drain D, of the secondﬁpransistor T.. The com-
mon, N+ doped, drain region D (which was formed by diffu-
sion) is left exposed through gate oxide layer GX and
through optical filter FI (which is for example a red, blue
or green color filter [which can also be a lens if it is
contoured appropriately). Thus, the portion of the spectrum
in incident light IL which passes through the filter FI
reaches the photodiode PD to operate it as a photodiode ele-
ment. The P region of P-N photodiode PD comprises the P-
substrate 35. A voltage source V1 (with a value of
+3 Volts) shown in FIG. 2A is connected via line L6 to the
source S,, (formed in substrate 35) of transistor T,. The
source S,, (formed in substrate 35) of transistor T, is con-
nected by line 18 to a line in cable 18 connected to the
pixel column amplifier 19. The other end of power supply V1
is connected to ground.

Using a control gate mask, the polysilicon layer is

etched to form the two control gate electrodes G, and G,. .
Using a conventional ion implantation mask (not shown) with
an opening over the control gate electrodes G. and G,, an N+

ion implantation process is performed to implant into the



dr ops sharply back to zero thereby turning off transis- tor T[err]. Note
that time t3 occurs a substantial tinme inter- val after time t2, when
voltage V[err] drops, which gives node N err], of the cell 10' a tine
interval during which it can be di scharged because of the intervening
conduction of the photodi ode PD fromnode N err] to ground, if incident
light IL hits the photodiode PD. On the other hand if no light IL strikes
t he photodi ode PD during the time fromtl to time t3, then the voltage on
node Nl err] remains high and the voltage on line 18 remains near 3 Volts,
and the charge re- mains on node Nerrt #uring the tinme interval t2 - t3.

- 26 - In practice, the residual charge on node N err] after the tine
interval t2 - t3 varies inversely with the sutmmed in- tensity of the
Fncident light thereon during the tinmed in- terval t2 - t3. Line 18, which
conpri ses &9ydcE gregifons-S.bhlandl &, iandFitBe Hrain amgient &, f Mmbhea s @irce
S[err] of tran- sistor T[err] to a correspondi ng one of the pixel

ampl i fi er s SedE-Aligned prgrassausdmg ddle gages G agid (Gaditat idefidie etheed
towards PPA 10 strjkes cell 10" and energizes the photodi ode PD, the

depl etion FEGSS 9% thi MRIANYEY FqgoRse d TR cogieRtdoaal N+ ion im-

planting process.

The source regions S, and S,, and the drain region D,,'
D, D,, are ion implanted with an N type arsenic or phosphorus
ions with a dosage of from about 1 E 15 ions/cm® to about
5 E 15 ions/cm®, (preferably 3 E 15 ions/cm®) implanted at
an energy of from about 50 keV to about 100 keV in an im-
Planter tool. The resulting concentration of regions S_, and
S.. and the drain region D,, D, D, is present in a high con-
centration level from about 1 E 19 atoms/cm® to about
1 E 21 atoms/cm®.

Transistof T, includes control gate Ga formed over gate
oxide layer GX which, in combination with source region S,
and drain region D, in substrate 35, forms the MOSFET de-
vice T,. Control gate G, is connected to precharge control
line PC. Transistor T, includes control gate Gb formed over
gate oxide'layer GX and a source region S, and fhe drain
region D,, in substrate 35 to form the MOSFET device T,.
Control gate G, is connected to precharge éontrol line é&.

One or more opaque, metal masking layers DK covers the
remainder of the cell 10' covering the exposed surface of

the gate oxide layer GX (not covered by the gate electrodes



el ectron-hole pairs, and an electric current flows in the external circuit
fromnode Nerr] to ground in the conventional nmanner of operation of a
phot odi ode PD. The anode of the photodi ode PD is connected to ground. The
negative termnal of D.C. power supply voltage source V1 (+3.0 Volts) is
al so connected to ground. The positive termnal of voltage source V1 is
connected via line L6 to the source S[err] of first control transistor
T[err], so that when the control gate elec- trode (gate) of the first,
precharge control transistor T[err] rises, the voltage V1 is applied to
node Nerr], which will precharge the node Nlerr] to an initial voltage Vi,
by nmeans of showing a finite quantity‘%ﬂ'bharge at node N err]. The gate of
control transistor T[err] is connected to Iine PC which is connected to the
junction of the drains of a PMOS transistor T[err] and an NMOS transi stor
"T[err]'. Thersthec€idtePMPF) and da7portiensoft theTtentfolselegreoted to
bi as voltage V[err] and the source of NMOS transistor T[err]' is connected
to ground. JatepelGat entdhé,f pfstransistokst Tanandt®c.T[err], the gate of
transistor T[err] is controlled via application to the gates of transistors
T[err] and T[errFheoppsiredi £idtgraFIonompréses anoinprdchtirgnspareny
control circuit 25. The precharge contro
dielectric material such as an acrylate or other polymers)
mixed with a colored dye which filters out unwanted light.
This refers to a material selected from the group consisting
of methacrylate, poly(methyl methacrylate) (PMMA),
poly(glicidyl methacrylate-co-ethyl acrylate) called cop
formed by which is deposited on the device. Input light IL
passes through filter FI and is received as transmitted
light IL' at the photodiode PD.
It can be seen that line L6 reaches down through the
masking layer DK and gate oxide layer GX to contact the
source S,, and that line 18 reaches down through the masking
. layer DK and gate oxide layer GX to contact the source §,.
Line 18 which comprises a portion of cable 18C in FIG. 1 is
connected from the source S, of transistor T, to the input
of one of the amplifiers in pixel column amplifier unit 19.
The dimensions of photodibde PD viewed from the surface
of the substrate 35 fall within a range of widths of between
about 105um and about 115pm and an equal range of lengths of
about 105um and about 115um. The capacitance is between’
about 20 femtoFarads and about 50 femtoFarads. The leakage
current is preferably between about 1 nanoAmpere and about

40 nanoAmperes.



voltage V[err] at the gate of control transistor T[err] is de- scribed
bel ow i n connection with the description of FIG 2C, below. The precharge
control voltage V[err] serves as the "wite" control of the cell 10'. The
sensing control voltage V[err] serves as the "read" control of the

phot osensor cell 10'. The gate of control transistor T[err] is connected to
line PCto be controlled which by the voltage at the junction of the drains
of PMOS transistor T[err] and a NMOS transistor T[err]'. The source of -PMOS
transistor T[err] is connected to bias voltage V[err] and the source of
NMOS transistor T[err]' is connected toxround. The gates of PMOS
transistor Td and NMOS transis- tor T[err]' are connected to be controlled
by a logic signal on line 15 fromthe |ine address decoder 11. The voltage
level V[err] at the gate of transistor T[err] is described belowin
connecti on w t hThiee itegriatiedoeiatuitGl02DfuhtGiofB alsoan timageedevewsel |
10" of FIG 2A in an MOS n-channel photodi ode inplenentation. - 28 - The
t ransi st or $o¥[ whirchapdoviides] aandutpatpsdgodilodepPPsendiaga thendetedt-
doped, drain region Din the substrate 35. The common drain region D

i ncl udes tRd dmage Bishr p worddmensipnal array of groups of sensor

cells, wherein each of said'senéor cells has a photodiode
and a pair of transistors for writing to and reading-from
said photodiode. The cell sensing incident electromagnetic
radiation, and sense-amplifiers are associated with said
cells.

When using a R-G-B system of color analysis, blue-col-
or, red-color and green-color detector cells (MOS), n-chan-
nel photodiode implementations are required.

Method of Manufacture

Referring to FIG. 4A a sectional view device 40’
similar to the devices shown FIG. 2B is preferably manufac-
tured starting with a P- semiconductor region 41' which
comprises the substrate or a P-well region in the substrate
with photosensitive regions 42A, 42B, 42C, and 42D, therein.
Covering the top surface of region 41' and including regions
42A, 42B, 42C, and 42D is formed a conventional thin film of
a gate oxide layer GX of an oxide of silicon is formed to a
thickness of 100A to about 300A by a conventional process
such as thermal oxidation at a temperature between about
800°C and about 900°C.

The gate oxide layer GX is thicker in regions 39

between the photosensitive regions 42. Above the regions



transkstor T[err], the N region (cathode) of the PN photodi ode PD, and the
drain Dlerr] of the second transistor T[err]. The com non, N+ doped, drain
region D (which was fornmed by diffu- sion) is |eft exposed through gate

oxi de | ayer GX and through optical filter FI (which is for exanple a red,

bl ue or green color filter (which can also be a lens if it is contoured
appropriately). Thus, the portion of the spectrumin incident light IL

whi ch passes through the filter FI reaches the photodiode PD to operate it
as a photodi ode ele- ment. The P region of P-N photodi ode PD conprises the
P- substrate 35. A voltage source V1 ~wWB2Zh a value of +3 Volts) shown in
FIG 2A is connected via line L6 to the source S[err] (fornmed in substrate
35) of transistor T[err]. The source S[err] (formed in substrate 35) of
transistor T[err] is con- nected by line 18 to a line in cable 18 connected
to the pixah aoblemketplatieceléttrdte dhiher efidcohdpotdwesudppedViate
connected to ground. Using a control gate mask, the polysilicon |ayer is

et ched to edeatrhdet polysiillicbngaas €bemedodverGrbich andoGventiiodsilng a
conventional ion inplantation mask (not shown) with an openi ng over the
control gat¥pel eft conssod] getp maskqapt] shawni+wasn foFmednt ati on process

Is perforned to inplant into the .
The doped gate electrode polysilicon was first applied

as a blanket layer of polysilicon in a conventional manner
to a thickness of between about 1,000 A and about 6,000 A.
Preferably, the polysilicon comprises a heavily doped layer
of polysilicon formed by thermal .reduction of of SiHCl, in
hydrogen or by thermal decomposition of silane SiH, in a
reactor between about 600°C and 650°C at 0.2 to 1.0Torr us-
ing 100% silane or a diluted mixture of 20-30% silane in
nitrogen at about the same pressure doped by conventional
means. Using the control gate mask, the polysilicon layer
is etched to form thé five control gate electrodes G,, Ga,
Gs, G,, and G5, among many others (not shown.) Using a
conventional ion implantation mask (not shown) with an
opening over the control gate electrodes G. and G,, an N+
ion implantation process is performed to implant into the
source regions and the drain region in a self-aligned
process using the control gate electrode§ Gis Ga2s Ga, Ga.
and G; to define the edges of the implanted regions in a
conventional N+ ion implanting process. -

The source regions and the drain regions (not shown in
FIGS. 4A-4H) are ion implanted, as described above in

connection with FIG. 2B. Then a transparent dielectric



- 29 + source regions S[err] and S[err] and the drain region Derr], D
Derr] in a self-aligned process using the gates Jerr] and Jerr] to
define the edges of the inplanted regions in a conventional N+ ion im

pl anti ng process. The source regions S[err] and. S[err] and the drain region
Bferr], D, Derr], are ion inplanted with an N type arsenic or phosphorus
lons with a dosage of fromabout 1 E 15 ions/cn2 to about 5 E 15
ions/cnferr], (preferably 3 E 15 ions/cnferr]) inplanted at an energy of
from about 50 keV to about 100 keV in an im planter tool. The resulting
concentration of regions Serr] and S[er?f} -and the drain region Derr], D
Dierr] is present in a high con- centration | evel fromabout 1 E 19
atons/cnB to about 1 E 21 atons/cnjerr]. Transistor T[err] includes contro
gate Ga forned over gate oxide layer GX whjch, in conbination with source
regi on S[e*?!eénﬂ3drhﬁanEﬂP6n°Ef§rF?e goRtEel rgRte 319?BFﬂ§th§1NC§EET de-
Vi ce T[erré qentrol gate Jerr] is connected to precharge control |ine PC
Transi stor?If e f] fRd| Gaes control gate Gb formed over gate oxide |ayer GX

and a source re fée £ d the d |n r |on err& substrate 35 to

form the. noorerthg,preskrheRl conferhiofa: S2ugR, By pal IR, dEBohofpect
h I

Povers tnesdotd; khe, B8uPtn ~RE1 Phy oFn cafloficre dBbaL LUBEY! Bfla, BYRRBCON,

gate Ox'deti@XErlg%éénﬁé GRYC5EUa LY &QﬁngeigdefgcﬁﬁQdﬁéte electrodes
G» and G,, in a conventional manner.

Each set of cells 42A, 42B and 42C in a polychrome
triplet 40' such as that shown in FIG. 3 has red filters 49,
49', a blue filter 48 or green filters 50, 50' in a three
colof system such as the RGB (Red-Green-Blue) system. The
left three detectors 42 in FIG. 3 are a triplet with a set
of B-R-G filters 48, 49 and 50 and mini-lenses referred to
hereinafter as lenslets. The proximity and small size of
the cells in such a polychrome triplet 48, 49, 50 allows
each cell to differentiate, accurately, the color components
for each picture element of the detected image. An example
of a dead area 52 is shown between cells 42C and 42D.
| Over the basic FET devices is the transparent layer 43°'
composed preferably of silicon dioxide formed by oxidation
in a standard MOS process. The layer 43' is formed in a
wavy surface with a pattern of hillocks and valleys. This
surface is depreésed above the photosensitive areas because
these areas are not covered by polysilicon or metal. The
valleys in layer 43' are low points above the photodetector

cells 42A, 42B, 42C, 42D and 42E. The hillocks are high



- 30 » or the filter FI) and a portion of the control el ectrode gates
Jerr] and Gerr] of transistors T[err] and T[err]. The optical filter F
conprises an inert, transparent dielectric material such as an acrylate or
ot her polyners) mxed with a colored dye which filters out unwanted |ight.
This refers to a material selected fromthe group consisting of

met hacryl ate, poly(methyl nethacrylate) (PMMA), poly(glicidyl

nmet hacryl ate-co-ethyl acrylate) called cop forned by which is deposited on
the device. Input light IL passes through filter FI and is received as
transmtted light IL" at the photodi ode D It can be seen that line L6
reaches down t hrough the masking | ayer DK and gate oxide |ayer GX to
contact the source S[err], and that line 18 reaches down through the
maski ng | ayer DK and gate oxide layer GX to contact the source S[err]. Line
18 whi ch cPapntseefalpyeri 43'olocabed halfiway| between tBencedds #28m t he
source S[err] of transistor Téerr] to the input of one of the anplifiers in
pi xel col anpPfyi 82DuAnd 48E.The di nensi ons of phot odi ode PD vi ewed from

(e sunface of BOE SWBSHLaLS, Fhel AbbatbldhY, BeLRRE° B, HefhlaohelthieeT
transparent dielectric layer 44' has been applied over the
die;ettric layer 43'. The second transparent, PMMA layer
44' is formed over first trénsparent layer 43', which has a
thickness of between about 20 A and about 500 A is deposit-
ed. There are identical hillqcks and valleys formed in the
second transparent PMMA layer 44' in the same pattern as
those formed in layer 43', since layer 44' is of uniform
thickness.

Before describing the next step in the process it is
helpful to understand that the color of the filters R-G-B is
brovided by a process of using iron (III) sulfate for R, .
chromium (111)'nitrate for G and tetraamino copper (II)
sulfate for B diffused into the aluminum (III) oxide by
absorption of aluminum (III) oxide layer. |

FIG. 4C shows the device 40' of FIG. 4B after an
aluminum (111) oxide blue filter 48' is formed over layer
the device in a process of blanket deposition followed by
patterning in a conventional manner by removing excess
portions of the filter 48' by masking and subtractive, e.gq.
etching techniques. 1In this example the blue (B) filter 48°'
is located between the gate electrodes G2 and G3 over the

photosensitive region 42B.



about +105pm and about 115pm The capacitance is between about 20

f ent oFarads and about 50 fentoFarads. The | eakage current is preferably

bet ween about 1 nanoAnpere and about 40 nanoAnperes. - 31 - The
integrated circuit 10" functions as an image detec- tor which provides an
out put signal representing the detect- ed inmage with a two-di nensi onal
array of groups of sensor cells, wherein each of said sensor cells has a
phot odi ode and a pair of transistors for witing to and reading fromsaid
phot odi ode. The cell sensing incident el ectromgnetic radiation, and
sense-anplifiers are associated with sad®¥ el ls. Wien using a R-G B system
of color analysis, blue-col- or, red-color and green-col or detector cells
(M3XS), n-chan- nel photodi ode inplenmentations are required. Method of
Manufacture Referring to FIG 4A a sectional view device 40' simlar to the
devi ces shown FBtue2Billtepr 4Bér &bl formadf &n- oner off ther vhRhdewst Rixept-
semni conductor region 41' which conprises the substrate or a P-well region
in the subb¥rabevei PhospRdesectort Fedlr 48BensBing light fidtexnd8iop,

t herei n.
passes light in the blue passband of the spectrum composed

of electromagetic_waves of 400 nm-500 nm wavelength which is
located in a position to intercept light (i.e. passing .
through a lenslet 50B as shown in FIG. 4H) towards cell 42C.

FIG. 4D shows the device 40' of FIG. 4C after blanket
deposition thereon of a third transparent, PMMA layer 45°',
which has a thickness of between about 20 A and about 550 A.
Layer 45' is formed in a different pattern of hillocks and
valleys from those formed in layer 44', since layer 45' is
of non uniform thickness with Valleys formed directly above
photodetectors 42A and 42C where red filters 49'' and 49°'"'’®
are to be formed in FIG. 4E.

FIG. 4E shows the device 40' of FIG. 4D after formation
of red filters 49'' and 49''' which pass light in the red
passband of the spectrum composed of 600 nm-700 nm wave-
length electromagnetic waves. Red filters 49'' and 49'"''
located in a position to intercept light passing through
lenslet 51C towards cell 42C. A wide hillock is formed in
layer 45' directly above blue filter 48', whereas other
hillocks are formed between photodetectors 42A and 42B on -
the left side of device 40' and between photodetectors 42D

and 42E on the right side of device 40°'.



Coveri’ng the top surface of region 41' and including regions 42A, 42B, 42C,
and 42D is forned a conventional thin filmof a gate oxide |ayer GX of an
oxi de of silicon is forned to a thickness of 100A to about 300A by a
conventional process such as thernal oxidation at a tenperature between
about 800[err]C and about 900C. The gate oxide layer GX is thicker in

regi ons 39 between the photosensitive regions 42. Above the regions -
32 - 39 a blanket gate el ectrode |ayer of conductive, doped gate el ectrode
pol ysilicon was fornmed over which a conventional type of control gate mask
not shown) was fornmed. The doped gate 3 ectrode polysilicon was first
applied as a bl anket |ayer of polysilicon in a conventional manner to a

t hi ckness of between about 1,000 A and about 6,000 A Preferably, the

pol ysilicon conprises a heavily doped |ayer of polysilicon formed by

t her mal reduct i LG ‘b\T shoys [the [devieg ddbyaf FIGhy 4Baafter dboxmypbisoni on
of silane [EA a reactor between about 60 lerr]C and 650[err] C at
0.2 to 1. “‘1'% GYRRPSRATAMHe IR diaYRT ¢ & x(iHchha®m-BoBkickane in

ni trogen at about t.he sane essure conven onal . neans. Using the
contrgl gal®SFh K ey ‘?‘1‘ totf |§f&}£ aBot® 5674 U deposited.

Layer 46' is formed in a different pattern of hillocks and
valleys from those formed in layer 45', since layer 46' is
of a different non uniform thickness with valleys formed
directly above photodetectors 42A and 42D.

FIG. 4G shows the device 40' of FIG. 4F illustrates the
step of the process of formation of green filters 50'' and
50''' in the valleys directly above'photodetectOrs 42A and
42D. Green filters 50'' and 50''' are formed which pass
light in the green passband of the spectrum composed of
500 nm to 600 nm wavelength electromagnetic waves. The
filters 50'' and 50''' are located in a position to inter-
cept light passing through lenslets 50A towards cell 42A and
light passing through lensiets 50D towards cell 42D. A wide
hillock is formed in layer 46' extending with a relatively
flat surface across red filters 49'' and 49''' with hillocks
formed to the right and the left sides 6f the portion of
device 40' which is shown.

FIG. 4H shows the device 40' of FIG. 4G after formation
of a fifth transparent, PMMA layer 47', which has a thick-
ness of between about 20 A and about 1,000 A is deposited
over green filters 50'' and 50''' as well as PMMA layer 46°'.

Layer 47' is formed with no hillocks and valleys. Layer 47°'



Irs etched to formthe five control gate electrodes Jerr], Herr], Jerr],
GJerr], and Jerr], anong many others (not shown.) Using a conventional ion
i npl antati on nask (not shown) wi th an opening over the control gate -
el ectrodes Jerr] and Gerr], an N+ ion inplantation process is perforned
to inmplant into the source regions and the drain region in a self-aligned
process using the control gate electrodes Jerr], Jerr], Jerr], err],
and Jerr] to define the edges of the inplanted regions in a conventional
N+ ion inplanting process. The source regions and the drain regions (not
shown in FIGS. 4A-4H) are ion inplanted, as described above in connection
with FIG 2B. Then a transparent dielect*ic - 33 - layer 43" is forned
over the control gate electrodes Jerr], Jerr], Herr], Jerr] and Jerr].

The el ectrjcal _connections lines L6 and, 18 afe conpeci- ed t he source
r egi ons Sﬂiﬁr?faﬂ%“SE%A?@E#eg%é€¥¢%%§yshﬂﬂecbﬁngtff?i%H% Y?LQEYﬁc an SC

d h I d d ' ' I
mannor e diFecfHE SbRve BiStadttottoRt e ERg A iR ePPRY L0 s uch
?$|§2?§ ; 'n$£ﬂé%¥%r€§s.r§gdfgéter§ 49, 49', a blue filter 48 or green

I )

Next, in FIG. 4H, another process step is performed in
which a series of transparent lenslets 50A, 50B, 50C, and
50D are formed above layer 47 centered over the cells 42a,
42B, 42C, and 42D respectively. The lenslets 50A, 50B, 50C,
and 50D are formed into partially spherical convex surfaces
facing away form the substrate 41 towards a potential source
of light to be detected, with one lenslet for each
photodetector cell 42A, 42B, 42C, 42D, 42E, etc. in the
array. The lenslets are formed by the process of deposition
and etching of aluminum (III) oxide onto layer 47.

The color filters are passive layers such as a red fil-
ter 49, 49', a blue filter 48' or a green filter 50, 50°
sandwiched between transparent dielectric layers 43', 44°',
45', 46', and 47' on the integrated circuit surface which
permits the selective transmission of light or electromag-
netic radiation of certain passband ranges of light frequen-
cies. It is important that the coloredldyes used cannot
react with or diffuse through the dielectric material used
in layers 44', 45', 46', and 47' (e.g. PMMA.)

The layers 44°', 45', 46', and 47, as well as filter

materials are coated onto the semiconductor substrate 41



col or ‘system such as the RGB (Red-Geen-Blue) system The left three
detectors 42 in FIG 3 are a triplet with a set of BBR Gfilters 48, 49 and
50 and mni-lenses referred to hereinafter as lenslets. The proximty and
smal| size of the cells in such a polychrome triplet 48, 49, 50 all ows each
cell to differentiate, accurately, the color conponents for each picture

el emrent of the detected i mage. An exanple of a dead area 52 is shown

bet ween cells 42C and 42D. Over the basic FET devices is the transparent

| ayer 43" conposed preferably of silicon dioxide formed by oxidation in a
standard MOS process. The |ayer 43" isasgorned in a wavy surface with a
pattern of hillocks and valleys. This surface is depressed above the

phot osensitive areas because these areas are not covered by polysilicon or
netal. The valleys in layer 43" are | ow points above the photodetector

cel |l s 42A agitdéyr YRE 1dPEennkad 2inddhgome | ¢onkentienal gOS proBdssipgi nts of
| ayer 43" located half way between the cells 42A, 42B, 42C, 42D and 42E.
FI G 4B shHwepPshe device 40' of FIG 4A after a second, transparent
dielectric |layer 44' has been applied over the dielectric |ayer 43" . The

second transpafenthip\preéeyeelor implementation of the invention, it
is necessary to provide separate réad signal paths for the
three different color signals from each color detector arraf
cell. As the residual-charge-signal from each photodiode is
weak (in the order of tens of femtocoulombs) it becomes nec-
essary to associate a precharged sense amplifiér élosely
with each color-detector cell or with each column of detec-

tor cells which detect a particular color.

On-chip color differentiation

One advantage of the on-chip color filter implementa-
tion is that neighboring or interlaced sensing cells are
grouped to sense the color associated with a picture element
in the image. The close proximity of the light detecting
cells in the group enables the use of a single matrix-array
of such cells to sense a color image. That has both the
advantages of saving cost and enhancing color reproduction
accuracy compared with the technique of using several sepa-
rate monochrome matrix4array detectors with associated color
filters. In the latter case it is difficult to ensure that
exactly the same image is incident on each matrix because of
the problem of different images at different locations, and
that the image snapshots are detected at exactly the same

sampling instances in the separate arrays.



44" is formed over first transparent |ayer 43", which has a thickness of

bet ween about 20 A and about 500 A is deposit- ed. There are identical
hillocks and valleys forned in the second transparent PMVA | ayer 44" in the
sane pattern as those forned in |ayer 43", since layer 44" is of uniform
t-hi ckness. Before describing the next step in the process it is helpful to
understand that the color of the filters RRGB is provided hy a process of
using iron (I1l) sulfate for R, chromum (111) nitrate for G and tetraam no
copper (I1) sulfate for B diffused into the alumnum (111) oxide by
absorption of alumnum (111) oxide Iaysr. FIG 4C shows the device 40" of
FIG 4B after an al um num (111) oxidée Pue filter 48 is formed over | ayer
the device in a process of blanket deposition followed by patterning in a
conventional nanner by renpving excess portions of the filter 48 by
maski ng and suBheagelos, félgerst anpngddedntrqhibs. spmicapdugkarpratere bl ue

(B) filter 48" is,|located between the gate electr dea SQ and G3 .over the
phot osensi 3 48T r Ejeohakser has_cggplegggethﬁ|§§Pn§gr i dnFgeRakernCdrs of

the Valleyéugkrggg&essing steps. The process of applying the color

filter coat may be handled at the processing foundry or at a
separate premise.

The color filters are applied onto the wafer one color
at a time. Usually, the color filters are separated by lay-
ers of a transparent and uncolored substance layer which
serves to position a color filter directly above each
photodiode in the light-detecting array. The separating
layers must not react with the colored dye present in the
colored layers.

To focus the incident light, a lenslet is added above
and around each photodiode. This lenslet may be colored or
uncolored, and it could have a different optical density
from the uncolored layers below it. Each lenslet also
serves to focus light which would otherwise fall onto layer
DK and pass onto the next nearest photodiode. This reduces
the effective light insensitive area of the chip surface.

Use is made of separate (or multiple) read and write
paths to the photodiode in each detector cell to reduce
parasitics in each path. This is important in view of the
weak strength of the photodiode signals.

An object of this invention is to provide an integrated

circuit which functions as an image detector which employs



Iy above photodetector cell 42B. Blue light filter 48 passes light in the
bl ue passband of the spectrum conposed of el ectronmagetic waves of 400

nm 500 nm wavel ength which is located in a position to intercept |ight

(i.e. passing through a lenslet 50B as shown in FIG 4H) towards cell 42C
Fl G 4D shows the device 40' of FIG 4C after bl anket deposition thereon of
a third transparent, PMVA | ayer 45', which has a thickness of between about
20 A and about 550 A. Layer 45 is forned in a different pattern of
hillocks and valleys fromthose forned in | ayer 44', since layer 45 is of
non uni formthickness with valleys fogged directly above photodetectors 42A
and 42C where red filters 49'' and 49''' are to be forned in FIG 4E FIG
4E shows the device 40' of FIG 4D after formation of red filters 49'' and
49' "' which pass light in the red passband of the spectrum conposed of 600
nm 700 nm twew etramsiys hoes etnr anphotosensow epixddarray ewithoreduged49' '

| ocated in a position to intercept |light passing through |enslet 51C

t owar ds ce@arapitigswi dinhaddbkions theredis @ 13699 48X @i$Legi§ &hdRe bl ue
filter 48", whereas other hillocks are forned between photodetectors 42A
and 42B ontM3gR ¢%¥?°§?EeWthd%0i%%‘lepaﬂﬂﬂ%ﬁtﬁk%ﬁeﬁhotdﬁ%F%EYBFs 42D and

42E on the right_ side of device 40, .
there is a need for on chip color balancing.

Another need for an image detector is a compact lens
arrangement to focus light and reduce the size of each indi-
vidual light sensitive region in the device.

Referring to FIG. 6, a series of hexagonal clusters 80,
8o' 80'', 82, 82', 82'', 84, 84', 84'' is provided with one
cluster per pixel. Each cluster 80, 80' 80'', 82, 82",
82'', 84, 84', 84'' is composed of three diamoﬁd shaped RGB
‘cells in each cluster which are arranged into a composite
arrangement of the cells packed into a compact structure.

In clusters 80, 80' 80'' the green cells G are on the
bottom, the red cells R on the upper right and the blue
cells B on the left. 1In clusters 82, 82' 82'' the red cells
R are on the bottom, the blue cells B on the upper right and
the green cells G on the left.

Referring to FIG. 7, differentiation in optical charac-
teristics for each color filter may also be achieved by ap-
plying electrical stimuli fp a variable passband filter 86.
The filter 86 is formed of three separate layers ﬁsa', 86b",
and 86c' with respective filters 86a, 86b, and 86c therein.
Layers 86a', 86b', and 86c' are separated by dielectric

layers 86d', 86d'', and 86d''"'.



-36 - FIG 4F shows the device 40' of FIG 4E after formation of a fourth
transparent, PMVA | ayer 46', which has a thick- ness of between about 20 A
and about 500 A is deposited. Layer 46' is formed in a different pattern of
hillocks and valleys fromthose forned in |ayer 45, since |ayer 46' is of
a-different non uniformthickness with valleys formed directly above
phot odet ectors 42A and 42D. FIG 4G shows the device 40' of FIG 4F
illustrates the step of the process of formation of green filters 50'' and
50""" in the valleys directly above photodetectors 42A and 42D. G een
filters 50'' and 50''' are fornmed whirchl pass light in the green passband of
the spectrum conposed of 500 nmto 600 nm wavel ength el ectromagneti c waves.
The filters 50" and 50''' are located in a position to inter- cept |ight
passi ng through | enslets 50A towards cell 42A and |ight passing through

| ensl ets 50D t o¥ardabdel pasaband fiid&elr 8i6odls iformednedermn they surfices
extending with a relatively flat surface across red filters 49'' and 49"’
with hill oceksSeBspEs 82 end thghsubstreite Udft Theeyasfiabie pastsbandf
device 40" _which is shown. FIG 4H shows the device 40' of FIG 4G after
formati on bi18eFi Bbnhisr gnepaiand, bevmhgnaysr on71ingh85h fisem entighdlp ness

of between fbout 20 A and about 1,000 A is deposited .
timing control unit 87 which provides a signal to each of

the variable passband filter layers 86a', 86b', and 86c".
The timing signals from unit 87 are synchronized with the
precharge and read timing signals which energize and read
from each photodiode.

Such stimuli might be (generated on-chip or-off-chip,
in either of which cases each group of color-composite
sensing cells could physically consist of a single

. Photodiode associated with a time-varying color filter.

The variable passband color filter would comprise a
liquid crystal material which changes its optical properties
(color) depending on the electrical stimﬁlus applied there-

to.

Pixel-group staggering
If a regular grid-like arrangement of rows and columns
of rectangular detector cells is used for the photodiode
array, there will be rows and columns of light insensitive
areas in the array.
This problem can be avoided by staggering the cells. -
Each group of color detector cells that represents a single

pPicture element is staggered with respect to adjacent



over green filters 50'' and 50''' as well as PMVA | ayer 46'. Layer 47' is

formed with no hillocks and valleys. Layer 47 - 37 - is of non uniform
thickness since it fills the valleys formed directly above phot odetectors
42A and 42D covering green filters 50'" and 50""'. Next, in FIG 4H,

anot her process step is performed in which a series of transparent |enslets
50A, 50B, 50C, and 50D are forned above | ayer 47 centered over the cells
42A, 42B, 42C, and 42D respectively. The |enslets 50A, 50B, 50C, and 50D
are formed into partially spherical convex surfaces facing away formthe
substrate 41 towards a potential sourcegpf_-light to be detected, with one
| ensl et for each photodetector cell 42A 42B, 42C, 42D, 42E, etc. in the
array. The lenslets are fornmed by the process of deposition and etching of
alumnum (111) oxide onto |layer 47. The color filters are passive |ayers
such- as a regdotpk-. t®hid9didPersasbthe Lighetrins8ensitivegrareeasi| sad 50, 50
sandwi ched between transparent dielectric layers 43, 44', 45, 46', and
47' on the thusgmaked €prcbetteur pacburki ghapdtwits the selective
transm ssion of -1ight or electronmag- netic radiation of certain passband
ranges of |ight Arsfaggered layout arrangement of the detector cells

within the photodiode-array.so that the light-insensitive

areas between detector cells are irreqularly arranged. This

prevents noticeable loss or resolution due to regular rows

or columns of light-insensitive areas.

In FIG. 5C an example of group staggering of the type

of cell 55 shown in FIG. 5B is shown. A group of detector

cells 61-76; etc has a layout of a regular hexagon. Thus,

the matrix array is arranged as é "honeycomb" of such groups

of a group of cells based on detector cell 55. The concept

of cell staggering may also be applied to black and white

image detector arrays.

Irreqular arrangement of detector cells in each pixel group

Optional irreqular arrangements or R-G-B detector cells
within each group or detector cells that compose a single
picture element are provided. For example, one group of
detector cells may be arranged as R-G-B, whi;e another is
arranged as G-R-B. This arrangement further reduces paral-
lel errors between each color component of an overall image
signal.

One R-G-B cell 55 comprises a detector for one pixel

Other color systems are possible, as follows:

Magenta RB [RED BLUE]



egies. It is inportant that the col ored dyes used cannot react with or

di ffuse through the dielectric material used in layers 44', 45", 46', and
47 (e.g. PWVA.) The layers 44', 45, 46', and 47, as well as filter
materials are coated onto the sem conductor substrate 41 - 38 - after
the |l atter has undergone conventional MOS processing steps. In this three
color inplenentation of the invention, it is necessary to provide separate
read signal paths for the three different color signals fromeach col or
detector array cell. As the residual _charge-signal from each photodiode is
weak (in the order of tens of fentocoulonbs) it becones nec- essary to
associate a precharged sense anplifier closely with each col or-detector
cell or with each colum of detec- tor cells which detect a particul ar
color. On-chip color differentiation One_advantage of the on-chip col or
filter inplenen€¥antion i sBEhABLUEi GREBBNIng or interlaced sensing cells are
grouped to sense the color associated with a picture elenent in the imge.
The cl ose proxi ¥e1¥ouf t heREj §REDJGREEN]Ing cells in the group enables the

use of a single.matrix-array
On-chip color balancing

An on-chip color-balancing séheme ensures that the fi-
nal chip output signal is properly color-balanced to suit .
user preferences. Color balancing involves scaling each col-
or signal by a scale factor. The scale factor coefficients
are hardwired. Alternatively the scale factor coefficients
are loaded onto chip memory from the external world. 1In
still another embodiment they are be determined by the chip
during its calibration cycle. The scale factor coefficients
may be analogue or digital values.

Color balancing is done on-chip by the variable gain
amplifiers 19, 20 and 21 seen in FIG. 1. The structure of a
variable gain amplifier 19 is shown by the circuit diagram
of FIG. 8. It comprises an operational amplifier A, a
resistor Rl (with a typical resistance of 50,000 Q@ (ohms)
and an analog multiplexer MX with a plurality of input lines
L1, L2,...Ln which are connected to receive inputs from
various points along the resistor Rl which has a number of
taps along the length thereof. The analog multiplexer MX
receives an input on select line l1l6a from the output of the

gain setting register 19a in FIG. 1. The signal on the

select line 16a controls the amount of negative feedback

supplied to the operational amplifier A, as will be well



of such cells to sense a color image. That has both the advantages of
savi ng cost and enhanci ng col or reproduction accuracy conpared wth the
techni que of using several sepa- rate nonochrome matrix-array detectors

wi th associated color filters. In the latter case it is difficult to ensure
that exactly the sane inmage is incident on each matrix because of the
probl em of different inages at different |ocations, and that the inmage

snapshots are detected at exactly the same sanpling instances in the
‘Separate arrays. - 39 - The color filters are added to the sem conductor
wafer after the latter has conpl eted thggstandard integrated cir- cuit
processi ng steps. The process of applying the color filter coat nay be
handl ed at the processing foundry or at a separate prem se. The col or
filters are applied onto the wafer one color at a tine. Usually, the color

filters arendepatabddbpytheye skslbédaihrtheparensfadferatobnagd substance
| ayer which serves to position a color filter directly above each

phot odi odeampl { fiketrs gahd drégating fieedpacKhsyseems at i Thel axpL $£iwgt Anot

react with the colored dye present in the colored |ayers.
has its positive input connected to receive inputs on line
16 from the pixel detector 15. The negative input of
amplifier A is connected to the output of analog multiplexef
MX. The resistor has its ends connected between the output
of amplifier A and ground (reference potential.) The analog
multiplexer MX along with the resistor Rl forms a variable
potential divider. The 6utput of the variable gain ampli-
fier 19 is provided on line 22 which is connected to the
output of operational amplifier A and to the high voltage
end of resistor R, which as stated above is connected to
ground at the opposite end thereof.

The scaling operation may take place anywhere in the -
each color signal path. For example, each color signal may
be amplified by a different factor at the sense amplifiers,
at post-amplifiers, which follow the sense amplifiers.

Scaling maf also take place in a digital circuit in the
signal paths if the image signals are cénverted to digital
form; in this case, digital scaling could take the form of a
fixed or floating point multiplication of the each color
signal with the scale factor coefficients.

The coefficients may.be hardwired in various ways. One

method is to use differently-sized, active, light detection

areas for different color detector cells. Another method



To focus the incident light, a lenslet is added above and around each
phot odi ode. This lenslet nmay be colored or uncolored, and it could have a
different optical density fromthe uncolored |ayers below it. Each |enslet
al so serves to focus light which would otherwise fall onto |layer DK and
pass onto the next nearest photodiode. This reduces the effective |ight
insensitive area of the chip surface. Use is nade of separate (or multiple)
read and wite paths to the photodi ode in each detector cell to reduce
parasitics in each path. This is inporfamt in view of the weak strength of
t-he phot odi ode signals. An object of this invention is to provide an
integrated circuit which functions as an i mage detector which enpl oys

-40- two transistors in a photosensor pixel array with reduced parasitics.

“n addi ti h I d_f ' | Pl iq
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gggi on inswée&ie!hcaigﬁeéifﬁhﬁsﬁo(g'.&. ﬁoma(ﬁéaaeéni& Mendgaed) Cloysters
PLA (Programmable Logic Arrays)).

While this invention has been described in terms of the
above specific embodiment(s), those skilled in the art will
recognize that the invention can be practiced with modifica-
tions within the spirit and scope of the appended claims,

i.e. that changes can be made in form and detail, without
departing from the spirit and scope of the invention. Ac-
cordingly all such changes come within the purview of the

present invention and the invention encompasses the subject

matter of the claims which follow.



80" 80'', 82, 82', 82'', 84, 84', 84'' is provided with one cluster per
pi xel . Each cl uster 80 80" 80'', 82, 82', 82'', 84, 84', 84'' is conposed

of three d,annnd~sﬁaped RGB cells in each cluster which are arranged into a
I n

conp |te arran e f the cells packed into a conpact structure.
cluster %ﬁ !&he green cells Gare on the bottom the red cells R
on the he blue cells B-46 +the left. In clusters 82, 82

82'" the*réd éells R are on the botto the blue cells B on the upper right
and the green cells G on theleﬁt.QEﬁiE§ring,to FIG 7, differentiation in
aptical charac- teristics for each color filter may al so be achi eved by ap-
plying electrical stimuli to a variable passband filter 86. The filter 86
and 86c¢c' wi-th respective

is formed of thr rate | ayvers :

filters 86a, 86b%aa‘fép s, %ﬂ?#‘ﬁ@ Venwg what sbe' chabmed as -
separ at ed by, t r{.8 86d' ' 86d' " - 41 - Variable
passband fi I ter %Ef c@ﬁ‘c"b"lr% 3\? ?m[ Reined, citﬁt%%‘i?%(ﬁ%tmta-hﬂi e
substrate 4lkgy Qﬁhvarlable passband filter 86 is energi zed by signals on

i ne 85 fron1on I'p timng control unit 87 which provides a signal to each

of

1.  An integrated circuit which functions as an image
detector, sald integrated circuit comprising:

a two-dimensional array of roﬁs and columns of
color detector cells with said detector cells being
associated with passband filter means for selectively
detecting elecgromagnetic radiation within a plurality
of bands of electromagnetic information,

each of said detector cells having a photodiode
and transistors for writing signals to and reading
signals from said photodiode, |

_each of said cells 1né1udiﬁg means for sensing
incident electromagnetic radiation of a plurality of.
predetermined ranges of electromagnetic wavelengths by
virtue of associated passband filter means for said
wavelength formed over said photodiocdes §n said inte-
grated circuit, with said filter means having a diver-
sity of passbands associated with different cells in a
said group,'wherein said circuit is implemented in a
technology selected from the group cdnsisting of CMOé,

'PMOS, NMOS, BiCMOS and BIMOS technologies. |



t'he vari abl e passband filter layers 86a', 86b', and 86¢c'. The tining
ngnaks*Froerﬁ%%—87—afe synchroni zed with the precharge and read tim ng

signal s which energi ze and read from each photodi ode. Such stinmuli m ght be
(gene EH uu I " E""Off chip, in either of which cases each group of
cblor g cells could physically consist of a single

photodlode aSSOCIated wth a tine-varying color filter. The variable
passband color filter would conprise a liquid crystal material which
changes its optical properties (color) % pendi ng on the electrical stinulus
applied there- to. Pixel-group staggeri g'Wf a regular grid-like
arrangenent of rows and col ums of rectangul ar detector cells is used for
the phot o ode &mrréyteghatedweclirchiatrasschaimed| inmslaim| lgwithnaansitive
areas in the array. This problem can be avoi ded by staggering the cells.
Each group of c®BaYdefee ergeeseasehampléﬁieséncioae%YnQSQOpdgtede el ement
is staggered with respect to adjacent - 42 - groups. This disperses the
i ght |nsen5|t|W%t%r%%§d dagector cells. '

3. An integrated circuit as claimed in claim 2 with
separate signal paths  for the plurality of detec-
tor cells,
whereby individual radiation information is not

lost.

4. An integrated circuit as claimed in claim 3 with
on-chip means for radiation band-differentiation
provided by means for providing filtration of radiation
band filters on said integrated circuit chip,

whereby a single matrix detector array provides.
accurate radiation band image reproduction in a radia-

tion band image sensing system.

5. An integrated circuit as claimed in claim 4 wherein

said radiation bands are bands of color passed through
a color filter and said system provides color signals
from said cells, wherein an on-chip color band-balanc-
ing system is provided for scaling a color signal
anywhere in its on-chip signal path,

whereby the magnitude of the scaling transforma-
tion is adapted to be adjusted externally to provide

hue control and enhanced color reproduction.



t hus nﬁk?igigéegﬁélgL,chLure quality. A staggered | ayout arrangenent of
t he detect w thin the photodi ode-array, so that the

| i ght-insensitiy “etmeen detector cells are irregularly arranged
Thi s pre\/\m\“ ﬁmﬂ‘ | oss or resolution due to regular rows or col umms
of |ight esaréas. In FIG 5C an exanple of group staggering of
the type of éel 55 shown in FIG 5B is shown. A group of detector cells
61-76, etc has a layout of a regular hexagon. Thus, the matrix array is
arranged as a "honeyconb” of such groupag of a group of cells based on
detector cell 55. The concept of cell staggering may al so be applied to

bl ack and white imge detector arrays. Irregular arrangenent of detector
cells in each PARelinteguptedt comauitraggalaimedr dngekesmsSowirhGeBelet ect or
cells within each group or detector cells that conpose a single picture

el ement are proSPlen. seasinganpld, haseilsoopnorhacgecsensecamplifiers
arranged as R-G B, while another is arranged as G R-B. This arrangenent
further reduces paral- lel errors between each col or conponent of an

overal | inpmge signal. One R-G B cell 55 conprises a detector for one pixel
Ot her col of* syshRnknbeerpbed; 6iecuit 28| FhasmedniBneiaim Rpwikhpspide]

color sensing cells share charge sense-amplifiers
between a plurality of detector cells of a particular .

color in a column.

8. An integrated circuit as claimed in claim 5 with color
sensing cells sharing of charge sense-amplifiers
between several detector cells of a predetermined color

passband in a column of cells.

9. An integrated circuit as claimed in claim 1 with said
detector cells arranged in groups of a plurality of -
cells having different passbands of sensitivity to
staggered arrangement of color detector cells within
each group of detector cells which detect a single
picture element, said staggered arrangement allowing
said circuit to detect changes in luminance at bounda-

ries between groups of detector cells.

10. An integrated circuit as claimed in claim 1 which uses
an irregular layout arrangement of detector cells in

each pixel group of the photodiode array.



= 43 2 Cyan BG [ BLUE GREEN] Yel | ow RG [ RED GREEN] On-chip col or

baIaﬁe+ﬁg‘ﬁﬁ~ﬁﬁ—chrp—cvfor-baIanC|ng schene ensures that the fi- nal chip
ut put S|ﬂna ﬂilroEirly col or-bal anced to suit user preferences. Col or

baI an ‘II lmul ing each col- or signal by a scale factor. The scale
facto hardw red. Alternatively the scale factor
coefficients are Ioaded onto chip nenory fromthe external world. In stil
anot her enbodi nent they are be determined by the chip during its
calibration cycle. The scale factor coefPi€ients may be anal ogue or digital
val ues. Col or balancing is done on-chip by the variable gain anplifiers 19,
20 and 21 seen in FIG 1. The structure of a variable gain anplifier 19 is

shown by tie, cixguintegpgted eirbhfx &s ¢tlaimerineslatmopewathonal
anplifier A, a resistor RL (with a typical resistance of 50,000 [err]
(ohnms) and an cembedded| topoexencdiingtbincpitryl ang péwenpuampild€dchat,
L2,...Ln which are connected to receive inputs fromvarious points al ong
the resistor Ritiwmctibesitryufiberdoivingsaadenicehseleated thomethe The
anal og mul ti pl exer MX receives an input on select |line 16a fromthe out put
of the group consisting of a. read device and a television

receiver.

12. An integrated circuit as claimed in claim 1 wherein the

device is able to output a video signal.

13. A integrated circuit in accordance with.claim 12
wherein a combosite video signal encompassing all the
color image information, or to ouiput several individu-
al color or luminance signals to a read or display

device.

14. A integrated circuit in accordance with claim 1 wherein
said integrated circuit detects both still image and

moving image signals.

15. A integrated circuit in accordance with claim 1 wherein
said integrated circuit is incorporated in a light-

weight, portable, miniature camera system.

16. A integrated circuit in accordance with claim 1 wherein
said integrated circuit is incorporated in a low power

camera for use in portable appliéations.



géin séfffﬁg—feg+sfer—%9a in FIG 1. The signal on the select |line 16a

control s the anpbunt of negative feedback supplied to the operational

anpl i flﬁmuﬂﬂlmulgm“lml I - 44 - understood by those skilled in the
art of A fiers and negative feedback systens. The anplifier
A-has its positive 1nput connected to receive inputs on line 16 fromthe
pi xel detector 15. The negative input of anplifier Ais connected to the

out put of analog nultiplexer MX. The re8@stor has its ends connected
bet ween the output of anplifier A and ground (reference potential.) The

anal og mul fispl e ' LRSI f vard e potentia
di vi der. Tﬁ'g ou?g{ﬂi%%%%mréfa%}l%%gﬁ%}m uln@ﬁlldg{ iasr?pfr“(%%eded on line
22 which is conpatieddP, tg'ﬁd)%ﬁgg%téa)%&@ciﬁ&alc idiff: A and to the
hi gh vol tage end of resistor R I'ch as stated above 1's cghnected to
ground at the opposid ewey il Intisitnall A raalo M eEcNe Aid UbIdhd 3¢ Pl ace

anywhere in the each color signal path. For exanple, each color signal may
be anplified by coliid idetautdnaderlsavitthe sadas devgdtdr &éllsilbeing
post-anplifiers,- which follow the sense anplifiers. Scaling may al’so take
place in a digi @@isadiahed with [passband filter means for selectively
detecting electromagnetic radiation within a pluralitf'
of bands of electromagnetic information, |
each of said detector cells haviné a photodiode
and transistors for writing signals to and reading
signals from said photodiode,
each of said cells including means for seﬂsing
incident electromagnetic radiation of a plurality of
pPredetermined ranges of electromagnetic wavelengths by
virtue of associated passband filter means for said
wavelength formed over said photodiodes on said inte-
grated circuit, with said filter means having a diver-
sity of passbahds associated with diffe*ent cells in a
said group, wherein said circuit is implemented in a

technology selected from the group consisting of CMOS,

PMOS, NMOS, BiCMOS and BiMOS technologies.

18. An integrated circuit which functions as a color image
detector comprising:
a two-dimensional array of groups of detector
cells, each group comprising several detector cells
adapted for sensiﬁg a different complementary color

passband color,



signal’ paths if the inmage signals are converted to digital form in this
Qase,.dLgF%a#‘SCﬁTTﬁ§~E%ﬁId take the formof a fixed or floating point

mul tiplicatio ch color signal with the scale factor coefficients.
The coeﬂ“\mﬁﬂtgﬂ\vmmmhar dwired in various ways. One nethod is to use
differeht . actrve, light detection areas for different color

det ector “cefls. Another method - 45 - uses capacitor or resistor ratios

to scale the color sig- nals. In the digital domain, the coefficients could
be stored in digital nenory (e.g. ROMT{Rtad Only Menories), or PLA

(Programmabl e Logi ¢ Addy D -sr?b%i betklitsr BYENG ﬁav'iﬁ|§ hephoteugiodeed in

terns of the above specific enbodinent(s), those skilled in the art wll

recogni ze that (iR igtvaddsdn 5" tRAnBistbréedow WitikRdgl teaand eaddinghi n
the spirit and scope of the appended clains, i.e. that changes can be "nade

in formand det @dom WdioWhotepidodielg from the spirit and scope of the
I nvention. Ac- cordingly all such changes cone within the purview of the

present invention ancadie dfsaiid groapsovfaseddst hacdudiagt meaniserfoaf the
cl aims which follow.
sensing incident color in the light radiation range of
wavglengths of a plurality of predetermined ranges of_
| color wavelengths by virtue of -associated passband
filter means for said wavelength formed over said
photodiodes on said integrated circuit, with said
filter means having a diversity of passbands associated
with different cells in a said group,
charge sense-amplifiers closely associated with
said color detector cells, and
separate signal paths for the plurality of detec-
tor cells within each picture element group, such a

scheme ensuring that individual color information is

not lost.

19. An integrated circuit which functions as an image
detector, said integrated circuit comprising:

a two-dimensional array of rows and_célumns-of
color detector cells with said cells being formed into
groups of at least three detector cells,

each of said detector cells having a photodiode
and transistors for writing signals to and reading
signals from said photodiode,

each cell in a group of said detector cells being



- 46 =+ ving thus described the invention, what is clained as new

and desirabl e red by Letters Patent is as follows: 1. An
i nt egreHuu w‘jm MmF functions as an i nage detector, said integrated
circui th% L .S wo- di nensi onal array of rows and columms of col or
detector cells with said detector cells being associated wth passband
filter means for selectively detecting el ectromagnetic radiation within a
plurality of bands of electronmagnetic information, each of said detector
cell's having a photodi ode and transisto§s_for witing signals to and
readi ng signals fromsaid photodi ode, each of said dells including nmeans
for sensing incident electromagnetic radiation of a plurality of
predet erm ned r casmscidted acitionmoset i af \wassbang HEl Iewimeams oforssoci at ed
passband filter neans for said wavel ength fornmed over said photodi odes on
said inte- gratecekéctively wletecting felectropagnetie imdiationrwithiy of
passbands associated with different cells in a said group, wherein said
circuit is inpl ehehifferenty range of bands of electromagnetic informa-
tion,

each of said cells including means for sensing’

' incident electromagnetic radiation of a plurality of :
predetermined ranges of electromagnetic wavelengths by
virtue of an associated passband filter means for said
wavelength formed over said.photodiodes on said inte-
grated circuit, with said filter means having a diver-
sity of passbands associated with different cells in a

said group.

20. An integrated circuit in accordance with claim 19
wherein said filter means comprises a set of filter .

elements formed over each cell in a group of cells.

21. An integrated circuit in accordance with claim 19
wherein said filter means comprises a set of passband
filter elements formed over each cell with a first set
of filter elements cells with a first célor range of
filters laminated between a first transparent layer and
a second transparent layer, a second set of filter
elements cells with a second color range of filters
laminated between a second transparent layer and a

third transparent layer, a third set 6f filter elements



t'echne! ted fromthe group consisting of CMOS, PMOS, NMOS, Bi CMOS
and Bi MOS technologles - 47 - 2. An integrated circuit- as clained in

cIa|n1t charge sense-amplifiers closely associated with
sai d d mmm[” n An integrated circuit as claimed in claim2 wth
separate sf gnal ®atshs=*tor the plurarity of detec- tor cells, whereby

I ndi vidual radiation information is not |ost. 4. An |ntegrated circuit as

claimed in claim3 with on-chip nmeans- 58r-radi ati on band-differentiation
provided by nmeans for providing fiItration of radiation band filters on

sai d i ntegrated giygu 3 aJt&plap t (fﬁ JPUF e i8S %.Cédffnaa{é%n band

pI’OVI des accurate ra |n'age rep ctionin a

i mge sensing sydiBer a rbﬁ idr &hd {]gaﬁ.
wherein said radi atloen ban aretgﬂms? colgglr rpassecfplt ro rﬂ a co%nor

filter and sai d garsdn dyast des col or S|gnals fromsaid ceIIs wherei n an
on-chi p col or band- bal anc-

22. An integrated circuit which functions as an image
detector, said integrated circuit comprising:

‘ a2 two-dimensional array of rows and columns of
color detector cells with said cells being formed into
groups of at least three detector cells,

each.of said detector cells having a photodiode
and transistors for writing signals to and reading
signals from said photodiode,

said cells being covered with an adjustable
passband filter means for sequentially varying the
electromagnetic radiation within a different range of
bands of electromagnetic information as a function of
time,

each of said cells including means for sensing
incident electromagnetic radiation, and

means for multiplexing the detected signals from
said cells to provide multiple electrical passband

output signals from said cells.

23. A camera system comprising integrated circuits in
accordance with claim 1 wherein at least two separately

positioned integrated circuit image detectors allow a

three-dimensional image to be captured, by a means



i'ng systemis provided for scaling a color signal anywhere in its on-chip

si gnat—pat-h;—whereby the nagni tude of the scaling transforma- tion is

adapted to be adjusted externally to provide hue control and enhanced col or
repr oiuwmm,m"umﬂ[m- 6. An integrated circuit as claimed in claim5

W th M g cell has its own charge sense-anplifier. 7. An

I nt egrated chrcit® ad claimed in claim5 with said col or sensing cells
share charge sense-anplifiers between—a*prurality of detector cells of a

particular color in a colum. 8. An integrated circuit as clainmed in
claim5 with COE%&é%%Eﬂ'¥¥6E¥|S sharing of charge sense-anplifiers between
several detector cells of a predeterm ned col or passband in a col um of

cells. 9.  An iajt el Cirds PHaseS ipiteciadibn olfaithel iWdilnerai dnflgject OF
cells arranged in groups of & plurality of cells having different pdssbands

of sensitivity to staggeissh Amayegderectolr col or detector cells within each
group of detector cells which detect a single picture element, said
st aggered arranpgnenusdrgweans employing triangulation to detect the
three dimensional position of a colored object and
c) a combination of detecting phase information and

triangulation.

24. A camera system comprising integrated circuits in
accordance with claim 2 wherein at least two separately
positioned integrated circuit image detectors allow a
three-dimensional image to be captured, by a means:
selected from:

a) detécting phase information of the incident 1magé
on each image detector,

b} using means employing triangulation to detect the
three dimensional position of a colored object and

c) a combination of detecting phase information and

triangulation.

25. A camera system comprising integrated circuits in
accordance with claim 17 wherein at least two separate-
ly positioned integrated circuit image detectors allow
a three-dimensional image to be captured, by a means -

selected from:’

a) detecting phase information of the incident image

on each image detector



Said Circuit to deteet—ehanges in |uminance at bounda- ries between groups
of detector cells. 10. An‘integrated circuit as clainmed in claim1l which

uses anjj uln“nﬂlﬁu“ arrangenent of detector cells in each pixel group
of the Mmmml Al - 49 - 11. An integrated circuit as clained in
claim1 with ehbelided color-encoding circuitry and power- anplifica- tion
circuitry for driving a device selected fromthe group consisting of a read
device and a television receiver. 12. An integrated circuit as clained in
claim1l wherein the device is able to_pgggyt,a video signal. 13. A
,ntegrated circuit in accordance with cTaim 12 wherein a conposite video
signal enconpassing all the color inmage information, or to output several
i ndi vidu- al cobyr ousling means empheyingotaiargdlatidnspbagdetiectceéheld. A
l-ntegrated circuit in accordance with claim1 wherein said integrated
circuit detects bot htbrieel dimegeiendlnposhionugé 8i gaidbredisbjacitnaagr at ed
circuit in accordance with claim 1l wherein

c) a combination of detecting phase information and

triangulation.

26. A camera system comprising integrated circuits in
accordance with claim 18 wherein at least two separate-
ly positioned integrated circuit image detectors allow
a three-dimensional image to. be captured, by a means
selected from:

a) detecting phase information of the incident image
on each image detector

b) using means employing triangulation to detect the
three dimensional position of a colored object and

c) a combination of detecting phase information and

triangulation.

27. A camera system comprising integrated circuits in
accordance with claim 19 wherein at least two separate-
ly positioned integrated circuit image detectors allow
& three-dimensional image to be captured; by a means
selected from:

a) detecting phase information of the incident image
on each image detector
b) using means employing triangulation to detect the

three dimensional position of a colored object and



said integrated circuit is incorporated in a |ight- weight, portable,
niniat;;gfggﬂgLa.sys%eﬁr~16. Aintegrated circuit in accordance with claim
1 wherein said integrated circuit is incorporated in a | ow power canera for
use in u“ ons. - 50 - 17. An integrated circuit which
functio “‘M\! M ector, said integrated circuit conprising: a

t wo- di meriel onalt aray of rows and col urms of col or detector cells with said
detector cells being associated with passband filter means for selectively
detecting el ectromagnetic radi ation withgér-a plurality of bands of

el ectromagnetic information, each of said detector cells having a
phot odi ode and transistors for witing signals to and readi ng signals from
sai d phot odi ode,c)each cfomt=inktoain ©f mEteditiggrphesd dm famsa tnipn ondlent

el ectromagnetic radiation of a plurality of predeterm ned ranges of

el ectromagneti ¢ waveltanig@ngnlatidn.t ue of associ ated passband filter neans
for said wavel ength forned over said photodi odes on said inte- grated
circuit, with said filter nmeans having a diver-

28. A camera system comprising integrated circuits in
accordance with claim 21 whefein at least two separate-
ly positioned integrated circuit image detectors alloﬁl
a three-dimensional image to be captured, by a means
selected from:

a) detecting phase information of the incident image
on each image detector

b) using means employing triangulation to detect the
three dimensional position of a colored object and

c) a combination of detecting phase information and

triangulation.

29. A camera system comprising integrated circuits in
accordance with claim 22 wherein at least two separate-
ly positioned integrated circuit image detectors allow
a three-dimensional image to be captured, by a means
selected from: |
a) detecting phase information of the.incident image

on each image detector
b) using means employing triangulation to detect the
three dimensional position of a colored object and
c) a combination of detecting phase information and

triangulation.



Sity of passhands asseeiated with different cells in a said group, wherein

said circuit is inplenmented in a technol ogy selected fromthe group
consi sgji mmmulj‘ﬁ)s NMOS, Bi CMOS and Bi MOS technol ogi es. 18. An
I nt egr lm\m functions as a color inmge detector conprising: a

Fwo-dinansFonbl'hrFay*of groups of detector cells, each group conprising

several detector cells adapted for sensing a different conplenentary col or
passband col or, - 51 - each of said detector cells having a phot odi ode
and at least two transistors for witimg to and reading fromsaid
phot odi ode, each of said groups of cells including neans for sensing

I nci dent cqlor i.n the light radiation range of %ev | engt hs .of a.éﬁlJrality
of predeterfli-ned methed &f fQringAa AP i Wit Shngr

3 a0t egr at od "EPELA® AN HPARH FaNAEE ASRREd AT 7y B ihRE- "
passbands associgah§d ey 'ftaledtd by 'the? st¥igh YoMPrising:
forming a gate oxide layer on said substrate,
forming a blanket layer'of polysilicon on said
substrate, _
patterning said polysilicon layer into a set of
gate electrodes,
forming a photodiode cell with a common drain
region between a set of said gate electrodes and a pair
of source regions adjacent to said gate electrodes by
ion implantation in said substrate, with said drain
region and said substrate forming a PN photodiode, and
forming a radiation passband filter over said

photodiode.

31. A method in accordance with claim 30 wherein said
passband filter is formed by forming a set of transpar-
ent layers over said device with a passband filter

located over said photodiode.

32. A method in accordance with claim 30 wherein a lenslet

is formed over said passband filter.

33. A method in accordance with claim 31 wherein said cells

are formed into groups of at least three adjacent



charge sense-anplifiers closely associated with said color detector cells,
and separate-si-gnal paths for the plurality of detec- tor cells within each
pi cture el enment group, such a schene ensuring that individual color

i nfor matiomlm!mﬂumrm . An integrated circuit which functions as an
i mage det edl ,umat ed circuit conprising: a two-di nensional array
of rows and’ col umms "of Scofor detector gglls with said cells being forned
into groups of at least three detector “Cells, each of said detector cells

havi ng a phot odi ode and transistors for witing signals to and reading

aving a i ! Wit ! |
being -0 aShSRIEEeCEey SOl Gl 4 Bt WP Mo piidkiRd ool ! e
sel ecti vel y detoediige! 26t sOHRINAdE da HdRD il o iffgript range of

bands of el ectromagnetic Intorma- tion, each of said cells 1Including neans

for sensing incigomhify estsQEBSH it dndptbeiit Aayirsd der Bdid ddvice

with a different passband wavelength range filter

located over different ones of said photodiodes, and a

lenslet is formed over each of said passbénd filters.

34. A method in accordance with claim 33 wherein said cells
are formed into a two-dimensional array of rows and
columns of color detector célls with said detector
cells being associated with passband filter means for
selectively detecting electromagnetic radiation within
a plurality of bands of electromagnetic information,

each of said cells including means for sensing
incident electromagnetic radiation of a plurality of
predetermined ranges of electromagnetic wavelengths by
virtue of associated passband filter means for said
wavelength formed over said photodiodes on said inte-
grated circuit, with said filter means having a diver-
sity of passbands associated with different cells in a
said group, wherein said circuit is implemented in a
technology selected from the group consisting of CMOS,

PMOS, NMOS, BiCMOS and BiMOS technologies.

35. A method in accordance with claim 31 wherein said
passband filter is.formed by a variable wavelength

passband filter located over said photodiode.



predet ermi ned ranges of el ectromagneti c wavel engths by virtue of an
associated passband filter neans for said wavel ength forned over

sai d. ph ' ety i Nte- grated circuit, with said filter neans

havi ng gmm@miwi\!‘imﬂbassbands associated with different cells in a said
gr-oup. cAMyLI ¢ated circuit in accordance with claim19 wherein said
filter means conprises a set of filter elenents fornmed over each cell in a
group of cells. 21. An integrated circuit in accordance with claim 19
wherein said filter neans conprises a-s -of passband filter el enents
formed over each cell with a first set of filter elenents cells with a
first color range of filters | am nated between a first transparent |ayer
and a secord§-t r%nmm inayarcordanseo md tde c 1afine i35t ethegledmesasi caddldlsni t h
& second color range of filters | am nated between a second transparent

| ayer and a thi AFe forfed dnta & dwo-dimensdonal grray off nowsmand - 53
- cells with a third color range of filters | am nated between a third
transparent | ay&CL¥mns, ol falen detector eallsaydth said detector

cells being associated with passband filter means for

selectively detecting electromagnetic radiation within
2 plurality of bands of electromagnetic information, '
each of said cells including means for sensing
incident electromagnetic radiation of a plurality of
Predetermined ranges of electromagnetic wavelengths by
virtue of associated passband filter means for said
wavelength formed over said photodiodes on said inte-
grated_circuit, with said filter means having a diver-
sity of passbands associated with different cells in a
said group, wherein said circuit is implemented in a
technology selected from the group consisting of CMOS,

PMOS, NMOS, BiCMOS and BiMOS technologies.



22. An integrated circuit which functions as an i nage detector, said
integrated circuit conprising: a two-dinensional array of rows and col ums
of color detector cells with said cells being formed into groups of at

| east three detector cells, each of said detector cells having a phot odi ode
and transistors for witing signals to and reading signals fromsaid
phot odi ode, said cells being covered with an adjustabl e passband filter
means for sequentially varying the electromagnetic radiation within a
different range of bands of el ectromagnetéoc—-i nformation as a function of
tinme, each of said cells including neans for sensing incident

el ectromagnetic radiation, and neans for nultiplexing the detected signals
fromsaid cells to provide multiple electrical passband output signals from

said cells. 23. A canera systenlcoEEr|S|ngAlq ?grgkﬁd circuits in
accordance with claim1l wher Spoe! y positioned
ntegrated oiroul |t detech QbRaRkAl Anb"b8EANTBR" HaBkor™d® 1o be

captured, by a nead&

ABSTRACT OF THE DISCLOSURE

An integrated-circuit color camera chip is color
sensitive by grouping closely-adjoining light-detecting
cells in a éhotodiode array into triplets. The cells-in the
triplet are similar, except that each is associated with a
color filter of a different color, so each cell in a triplet
is red, green or blue in an R-G-B system. The proximity and
small size of the cells in a triplet allows them to differ-
entiate accurately the color components for each picture
element of the detected image. This color infoimation is
adjusted on-chip for color, brightness and contrast before
being sent to an external read device or display device.

The color filter is a series of passive layers on the
integrated circuit surface which permits the selective
tranémission of light or electromagnetic radiation of
certain frequency ranges. The filter may be coated onto a
semiconductor wafer after the latter has undergone conven-

tional MOS process steps.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



- 54 - selected from a) detecting phase information of the incident

i mge on each image detector b) usi ng neans enploying triangulation to
detect the three dinensional position of a colored object and c) a

conbi nati on of detecting phase information and triangul ation. 24. A canera
system conprising integrated circuits in accordance with claim2 wherein at
| east two separately positioned integrated circuit imge detectors allow a
t hree-di nensi onal inage to be captured, by a neans selected from a)
detecting phase information of the inciﬂﬁpt i.mage on each i mage detector,
b) usi ng nmeans enploying triangulationto detect the three di nensional
position of a colored object and c) a conbi nati on of detecting phase
information and triangul ation. 25. A canmera system conprising integrated
Gircuits in accordance with claim1l7 wherein at |east two separate- |y
positioned integrated circuit inage detectors allow a three-di nensi onal
image to be captured, by a neans selected from a) det ecti ng phase
information of the jfncident |innge '
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on each image detector - 55 - D) usi ng nmeans enploying triangul ati on
ta detect the three dinmensional position of a colored object and c) a
conbi nati on of detecting phase information and triangulation. 26. A canera
system conprising integrated circuits in accordance with claim 18 wherein
at- | east two separate- |y positioned integrated circuit imge detectors
allow a three-dinensional imge to be captured, by a neans selected from
a). detecting phase information of the i24&i dent i mage on each inage
detector b) usi ng nmeans enploying triangulation to detect the three
dinmensi onal position of a colon@d obj ect and c) a conbi natign of
det ecting phase information and @i angul ati on. 27. A canera syd8em

s sel

conprising integrated ciTguits ifn accq?@ance yjth cl ai®Cl9 whatein atel east
two separate- |y positioném =dif€grated\circui {7} WQZd_
t hr ee- di nensi onal i nmage e ,
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a) detecti ng phase information of the incident inage on each inage
detector b) usi ng nmeans enploying triangulation to detect the three

di mensi onal position of a col ored object and - 56 - O a conbi nation
of detecting phase information and triangul ation. 28. A canera system
conprising integrated circuits in accordance with claim?21 wherein at |east
two separate- |y positioned integrated circuit imge detectors allow a

t hr ee- di nensi onal i nage to be capture% by a neans selected from a)
detecting phase information of the in /ent i.mage on each inmage detector b)
usi ng means enploying triangulation to detect the three dinensional
‘position of a colored object and c) a conbi nati on of detecting phase

i nformatiion and triangulation. 29. A canera system conprising integrated
circuits in accordance with claim22 wherein at |east two separate- |y
positioned integrated circuit i det ect allo hr ee- di,nensi onal
~image to be capt usﬁi, %14\ rn*aang%g‘FB glﬁ: V\Ba”f) g{E 50"
49 48 49’
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sel ect’ed from a) detecting phase information of the incident inage on
each i mage detector b) usi ng neans enploying triangulation to detect the
three di nensional position of a colored object and c) a conbi nati on of
detecting phase information and triangul ati on. - 57 - 30. A nethod of
f.ormng an integrated circuit which func- tions as an i mage detector forned
on a lightly doped P- sem conductor substrate by the steps conprising:
formng a gate oxide |ayer on said sulglrate, formng a bl anket |ayer of
pol ysilicon on said substrate, patterning said polysilicon layer into a set
of gate electrodes, form ng a photodi ode cell with a common drain region
bet ween a set of said gate electrodes and a pair of source regions adjacent
to said gate electrodes by ion inplantation in said substrate, with said
drain region and said substrate form ng a PN photodi ode, and formng a’
radi ati on passband filter over said

Gy 43* G2 39 G3 39 G4 39 Gs
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phot odi ode. 31. A nethod in accordance with claim30 wherein said passband
filter is formed by formng a set of transpar- ent |ayers over said device
with a passband filter |ocated over said photodi ode. 32. A nethod in
accordance with claim 30 wherein a lenslet is formed over said passband
filter. 33. A nethod in accordance with claim31 wherein said cells are
formed into groups of at |east three adjacent - 58 - photodetector cells
and a set of different passband filters is formed for each said group of
cells by formng a set of transparent | Wer s over said device with a

di fferent passband wavel ength range filter |ocated over different ones -of
sai d photodi odes, and a lenslet is forned over each of said passband
filters. 34. A method in accordaft® with,cl 83 33 wher& 4 said cells are
formed into a two-di nensional arrfy o ows and col umms|of col or detector
cells with said detector cells be|lng _agsociafed with patsband filter neans

for selectivel atec &l ecloft PN i on M0 2 pluLagy ohs:
bands of el ecté?’_ragne viz.
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gach 6f said cells including neans for sensing incident el ectromagnetic
radi ation of a plurality of predeterm ned ranges of el ectromagnetic
wavel engt hs by virtue of associated passband filter neans for said
wavel ength formed over said photodi odes on said inte- grated circuit, with
said filter neans having a diver- sity of passbands associated with
different cells in a said group, wherein said circuit is inplenented in a
t echnol ogy sel ected fromthe group consisting of CMOS, PMOS, NMOS, Bi CMOS
and Bi MOS technol ogies. 35. A nethod i6/faccordance with claim31 wherein
sai d passband filter is formed by a variabl e wavel ength passband filter
I"ocat ed over said phot odi ode. - 59 - 36. A nethod in accordance with
claim 35 wherein said cells are fornmed into a two-di nensional array of rows
and colums of color detector cells with said detector cells being
associ ated wi th passband fI|Iﬁr means for selective|y detecting
el ectromagnetic radi ati on 4Pt hi @2 pd.g ‘al i of %QndsGoé el ectromagnetic

cl
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pr edet'er mi ned ranges of el ectronmagnetic wavel engths by virtue of associ ated
passband filter neans for said wavel ength formed over said photodi odes on
said inte- grated circuit, with said filter nmeans having a diver- sity of
passbands associated with different cells in a said group, wherein said

circuit is inplenented in a technology'felected fromthe group consisting
of CMOS, PMOS, NMOS, Bi CMOS and Bi MOS 4echno|og|es
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