7 June 2006 COLOR FILTER | MAG NG ARRAY AND METHOD OP FORMATI ON FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to color filters for use in
a solid-state inmge sensor and, in particular, to a color filter array
with a pattern that sanples red color nost frequently rel ative J§s doge and
green colors, and nethod of formati on. BACKGROUND OF THE | NVENTI ON [ 0002]
Solid-state i nage sensors, also known as inmagers, were developed 1in the

late 1960s and early 197@PORPBIITER IMAGENGVARRAY AREDEe acquisition,
transm ssion, and display. An inmager absorbs incident radiation of a

particul'ar wavel ength (such amﬁ@gloply@mmnays, or the like) and
C

generates an el ectrical signa orresponding to the absorbed radiation.
There are a nunber of different types of semniconductor-based imagers,

i ncl udi ng charge coupl ed devi ces (CCDs), photodi ode arrays, charge

i njection devices (ClDs), hybFIEBLD @RTHEINVENEION and CMOS i magers.
Current applications of solid-state inagers incl Udﬁl caneras, scanners,
machi ne visi on syst@Ofd] vER prceens Huvreian slatesya celeg fogrs d‘“i"eﬁ@éﬁb‘l‘f’é&,

conput er input devi cgggr%gp%%dﬁ%gﬁﬁﬁmﬁ@ aB?iﬁilJﬁzlgﬁ fa?ﬁ&'%iths%ﬁs&@fﬂ;%gar

trackers, notion detec Sys I mage’s I on” syst dat a
conpr essi on systens fanipldsiredcolef mosd freguendy rlatist enblueandgreen belors, asks.
(0003] These imagers typically consist of an array of pixel cells

contai ning phot osen%é&d‘%@wﬂt@&ch pi'xel produces a signal corresponding

to the intensity of light inpinging on that el enent when an inmage is
focused on BACKGROUND OF THE INVENTION

[0002] Solid-state image sensors, also known as imagers, were developed
in the late 1960s and early 19705 primarily for television image
acquisition, transmission, and display. An imager absorbs incident
radiation of a particular wavelength (such as optical photons, x-rays, or the
like) and generates an electrical signal corresponding to the absorbed
radiation. There are a number of different types of semiconductor-based
imagers, inclﬁding charge coupled devices (CCDs), photodiode arrays,
charge injection devices (CIDs), hybrid focal plan arrays, asnd CMOS
imagers. Current applications of solid-state imagers include cameras,
scanners, maci:jnc vision sysuems, vehicle navigation systems, video
telephones, computer input devices, surveillance sjstcms, auto focus
systems, star trackers, motion detector systems, image stabilization systems
and data compression systems for high-definition tclevision, among other

uses.

{0003] These imagers typically consist of an array of pixel cells containing
photosensors, where each pixel produces a signal corresponding to the
~ intensity of light impinging on that element when an image is focused on
the array. ‘These signals may then be stored, for example, to display a

corresponding image on a monitor or otherwise used to provide
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the array. These signals may then be stored, for exanple, to display a
corresponding i mage on a nonitor or otherw se used to provide 1 7 June 2006
i nformati on about the optical inage. The photosensors are typically

phot ot ransi stors, photoconductors or photodi odes. The magnitude jofe thigs

si gnal produced by each pixel, therefore, is proportional to the anmount of
l'ight inpinging on the photosensor. [0004] To allow the photosensors to
capture a col or i niafiematitee abqitchospivahinmgenThe phomistnsotsarstypimallit el y det ect
red (R) photons, green (G photons and bl ue, (B),, photans. Accoydingly, each
pi xel nust be sens?l%qtﬁ?@a“s@m‘ﬁ?ge“&ﬁ W%P’%é@ﬂ@éf?afgﬁw ofti s a

color filter arrayg | fol e flid BobdrBBhal 36 R Bndint®FS SO
t hat each pi xel neséé%@)sod%lﬁced*)iygﬁtsuégﬂ?ﬁgscéfs&}o%f Its associ at e?fi lter.
Thus, each pixel dighaimpinging orpihe phe®sgsor.i s covered with either a red,
green or blue filter, according to a specific pattern. [0005] Figure 1

Il lustrates one calor, fil.ter array pattern,  kpown a he "Bayer"
pattern, which |®%§g%cﬁ%ﬂ?‘ﬁ’ﬂ“m sgﬁ%‘gitp FRFUES %F&%a%aﬁé’ﬁ%ﬁ. 3,971, 065
(the disclosure of H’M@bééﬁsdrﬁrﬂu@%d!ﬂ!@k@?mﬁ&ly@&&f%&D(Ql)fp@xbﬁma,)grecd fhe
Bayer pattern, redl? green and blue pixels are arranged so that alternating

pi xel s of red and pjrasens andelem(B) phiotons. Aseprdinghn caqhenivel mpsebe snsiEyhat i ng

pi xel s of blue and_green are on a_ne r ) . j sensor is
read out, line by ?rﬁ%g? o?%%oei?ﬁ 95@?°‘é%%§’é#§?‘¥§?§t%%°\f$’ﬁe@%%%% Feads GRGRGR
etc., and then thety?l 8 in St SRafYpRele sé e sadB(@itdbmeadires the fight out put
Is called sequentia kﬁé&ﬂﬁ: SRGB. [ooogl]&el n the Bayer pattern, sanpling

rates for all threefthacolor efitsassagiatadsieer. Thus, each pixel of a color image
sensor is covered with either a red, green or blue filter, according to a

specific pattern.

[0005] Figure 1 illustrates one such color filter array pattern, known as the
“Bayer” pattern, which is described in more detail in US Patent No.
3,971,065 (the disclosure of which is incorporated by reference herein).
In the Bayer pattern, red, green and blue pixels are arranged so that
alternating pixels of red and green are on a first row of an image, and
alternating pixels of bluc and green are on a next row. Thus, when the
image sensor is read out, line by line, the pixel sequence for the first line
reads GRGRGR etc., and then the alternate line sequence reads BGBGBG
etc. This output is called sequential RGB or sRGB.

[0006] In the Bayer pattern, sampling rates for all three basic color vectors
are adjusted according to the acuity of the human visual system. That is,
green color, to which the human eye is most sensitive and responsive, is
sampled most frequently, whereas blue color, for which the human vision
has least resolution, is sampled the least frequently. This is why in the
Bayer pattern, the green-sensitive elements, which serve to detect

luminance (the color vector which provides the luminance information)
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are adjusted according to the acuity of the human visual system That is,
green color, to which the human eye is nost sensitive and responsive, isS
sanpl ed nost frequently, whereas blue color, for which the human vi sion
has | east resolution, is sanpled the |east frequently. This i 9 hy2006 the
Bayer pattern, the green-sensitive elenments, which serve to detect

| um nance (the col or vector which provides the |um nance information) 2 7

June 2006 occur at every other array position, while,the.redisensjitive

el ements alternate vWPEHE &R "s%ﬁgww’@fhél\ghéhﬁ@'sfﬁ%ﬁ °1°155g& result of
these attributes, tne,Gaygt JiRlhepelanin@lemeaRpl [calions in imging
objects having a nore or I'ess unitorm representations of colors across the
entire visible spectrum Thus, sanpling the green color at twice the
frequency of the ot [073r i Asa sesule of thess Jturibureshe Bayps pattermhasdsht at i on of
the | um nance conponent ,of ,a .particul ar object i | Nevert hel ess,
if the object being i?’P&’é’éﬁ“"nﬁé[g“%agF@ 83&"% v"‘i“%%vg{s%ﬁgg't-irai Feflectivity in
the green part of therpauel@RGHsHF coloRictdiPaR cadr wiilsld spéctiunaThuspger

enpl oying a Bayer colof filter pattern can be suboptipal. [0008] There is
needed, therefore, a somlingitht geen aplonst Gyiceithy fegyicngy ebs Ot R or

sensi ng objects which do not have a unifaorm.r i , of

across the visible sp ?FSLB’F?"I? @ 304 Fpresen 8‘§eggﬁ%qg§’§¥aﬁgpﬁ%{‘n%%&gto y
non-visible to the nagﬁﬁcax@eb;w%m@magﬁ iNdverthelkss Of grensbjedt being imaged
gastrointestinal tract. A nethod of fabricating such color filter gaé&lern
i's also needed. BRI ElasSUilatiRoly & speetral afleeiviggn the green part of the wavelength,

the image captured with an imager employing a Bayer color filter pattern

can be suboptimal.

[0008] There is needed, therefore, a color filter array pattern of a CMOS-
sensor for sensing objcbrs which do not have a uniform representation of
colors across the visible spectrum, for example, elements of the human
body non-visible to the naked eye, such as the internal organs of the
gastrointestinal tract. A method of fabricating such color filtet pattern is
also needed.

BRIER SUMMARY OF THE INVENTION
[0009] In one aspect, the present invention provides a color filter array
pattern for use in a solid-state imager for imaging internal organs
comprising red sensitive elements located at every other array position,
and alternating blue sensitive and green sensitive clements located at the
remaining array positions. This Qay, red color is sampled most frequently

and blue and green colors are sampled least frequently.

[0010] In another aspect, the invention provides a method of using a
color filter array pattern of a solid-state imager for imaging objects which
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[ 0009] In one aspect, the present invention provides a color filter array
pattern for use in a solid-state inager for imaging internal organs
conprising red sensitive elenents |ocated at every other array position,
and alternating blue sensitive and green sensitive el enents | ogahgdo@ls t he
remai ning array positions. This way, red color is sanpled nost frequently
and blue and green colors are sanpled | east frequently. [0010] In another
aspect, the inventi ai“% I t ay
pattern of a soli dds?)?n eﬁﬁrgger or ?&n%{b:?%%&'g ‘fbgocr?g \A?r%ltg%wglbl”%rﬁﬁ%OOG do
not have a uni formfbeatzﬁqﬂqhmtmho@nmﬂtbehmemgmmmesmmme%pectrum

for exanple, internal ans of the human astroi nI est nal .tract.

enpl oyi ng the col orcn?RIP Qo itep pattarn of FED IRYERRQNR # PP i

vi deo’ camera syst Qep] ol of B L CECE ol DS ooy a Used
I n medi cal procedures, such as gastr0|ntest|nal enddscopy for exanple, the
predomi nantly red dolnedict ptoeeduwresyaurch 2 fadroimmstipabendois mi@nqxamﬂcsdmt is

sanpled at twice the fre uenc of . t he .ot her basi c_cal or e and
green. [0011] Also %F%Qﬂ"g‘é%d d xR H%‘cf&?mf%?‘ﬁf“ﬁﬂ%%%%ﬂ%ﬁ%t“er array
pattern of the prag@pled RuGRE i eqllRgOARCoMR o BAYCRIGY AR  eal ures
of the present invention wl qp arent fromthe follow ng detail ed

description and drgre¢mgs which i I | ustrate preferred enbodi mnents of the
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] Figure | illustrates a

TSR PP e o

illustrates a sc esen ter
of the present invention. These and other advantages and features of the

present invention will be apparent from the following detailed description
and drawings which illustrate preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1 illustrates a schematic representation of the Bayer color

pattern.

[0013] Figure 2 illustrates a schematic representation of a color filter

pattern of the present invention.

[0014] Figure 3 is an exploded three-dimensional representation of the
color filter pattern of Figure 2.

[0015] Figure 4 is a side cross-sectional view illustrating the principal
clements of a solid-state imager having a color filter array constructed in

accordance with the present invention.

[0016] Figure 5 illustrates a schematic cross-sectional view of 2 CMOS
imager pixel cell having a color filter array constructed in accordance with

the present invention.




pattern of the present invention. [0014] Figure 3 is an expl oded
t hree-di nensi onal representation of the <color filter pattern of Figure 2.

[0015] Figure 4 is a side cross-sectional view illustrating the principal
el enents of a solid-state inager having a color filter array ggpaéroemd ed in
accordance wth the present invention. [0016] Figure 5 illustrates a

schemati c cross-sectional vi ew of a CMOS i nmager pixel ceI | having a color

filter array constr I §9r dan ' : SHRpi cd 7
June 2006 [0017] Fi[gﬁ)’ZPG Lin r’se?)?cggcg?ﬁ%#‘}ilvdég m%ggtr%n t he %v%&llrrager
pi xel cell of Fi gurQ,f@g._{rQQ;LB] Figure 7 illustrates a cross-sectional view
of a sem conductor wafer undergoing the process of formng a color pattern

l'ayer according to an _enbodi ngnt of the present |nve tio ] E‘J gure 8
illustrates the senf08b3udigire ddiysiratss 2 ?‘&u‘?mé @fﬁb@m%&'p%r oCessi ng

subsequent to t hat sh&‘@%ﬂ}{&g%@tc&odf@%ﬂ%a%bﬁ%ﬁt&nla&bmwﬁh@&ohhe

sem conduct or wafer o a stage ~of processing subsequent to
that shown in Fi gure eBabdddfierit]of thgpresent hvestiem i | | ustration of an i nmagi ng
system having an inmager wth a col or filter pattern according to the

present invention. LED DESCRI PTI CE T I e
fol | owi ng detail ed @Eléi ?@Hﬁgc‘f Qﬁagw%g&ﬁg&%?]r%gg% Eg
draw ngs whi ch fornma grafb-LgiLabse @ﬁ!tdo%!\*'ﬁh@hnw?‘ighw\ﬂ by way of

il lustration, specific enbodi rrents | n whi ch the invention may be
[0020] Figure 9 illustrates the scm.l;onductor wafer of Figure 7 at a stage
of processing subsequent to that shown in Figure 8.

[0021] Figure 10 is an illustration of an imaging system having an imager

with a color filter pattern according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown
by way of illustration specific embodiments in which the invention may be
practiced. These embodiments are described in sufficient detail to cnable
those skilled in the art to practice the invention, and it is to be understood
that other embodiments may be utilized; and that structural, logical and
electrical changes may be made without departing from the spirit and

scope of the present invention.

[0023] The terms “wafer” and “substrate” are to be understood 2s
including silicon-on-insulator (SOI) or silicon-on-sapphire (SOS)
technology, doped and undoped semiconductors, epitaxial layers of silicon

supported by a base semiconductor foundation, and other semiconductor
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practiced. These enbodi nents are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is to be
understood that other enbodi nents may be utilized; and that structural,

| ogi cal and electrical changes may be made wi t hout departing 7 ng@iohe
spirit and scope of the present invention. [0023] The terns "wafer" and
"substrate" are to be understood as including silicon-on-insulator (SQ)
or si | | con- on- Sappi e 6 SORrnkARIRO AGAAGRES R 8RCQRRE" s conduct o s,
epitaxial layers of silicon supported by a base sem conductor foundation,
and ot her semni condustbstrafe”in Shanfell2@dg desariptiony previowsprotess sepsanayhae

reference is made to a "wafer". or "substrate" i.n the fallow.ng description,
previ ous process st@ﬁﬁ"ﬁ‘ﬁ%‘dﬁa\f%éﬁ?‘ﬁﬁﬂmanﬁ%q% it ﬁlg#ﬁs or junctions

in or above the basgmi®RALGBNEHERRE of Fusdhit B addiisnditie smicohduadsli tion,
t he sem conductor need not be silicon-based, but could be based on

si | i con- ger mani um negdmenht siliqonclpaserh b conld bs based @n siligoprgprmaniuier m " pi xel
refers to a picture_elenent unit cell .gontaining a photosensor and
transistors for corﬁfmﬁﬁ"g%ﬂ%%&%@?‘i c radiation to an electrical
signal. For purposes of illustration, a representative CMOS i mager pixel
is illustrated inoobe]f iThertesn dpistelt ecfersitpt pomreeleaient ukiowell ontainipgias i s
just one exanple of the type of inmagers and pi xel cells thereof with which
the invention may [Rhagasegsor ‘f%@“ﬁ%‘l‘#t%@gw&é?’g{‘g ElferRrEIgneHt fagption to an

therefore, not to b&_f&g&fﬂ%ﬂd ??%%%?icgg%'ﬁ%@i’ion,byk FeabdiShveaM@S exenpl ary

illustration of the rnven erring nowto the draw ngs, where
like el ements are demigengike ds illustrated in the figures and description hetein. However,

this is just one example of the type of imagers and pixel cells thereof with

which the invention may be used. The following detailed description is,
therefore, not to be taken in a limiting sense, but rather as an exemplary

illustration of the invention.

[0025] Referring now to the drawings, where like elements are designated
by like reference numerals, an image sampling array pattern (color filter
pattern) 10 of the present invention is illustrated in Figures 2-3. Thrc;
sets of sensor patterns 11, 13 and 15 (Figure 3), each corresponding to a
basic color vector, are interlaid to form the image sampling array pattern
10 (Figures 2-3). The sensor pattern 11 is formed of red-sensitive
elements (also called luminance elements) which are denoted by an “R”
and are arranged at every other element position of the sampling array.
‘Since the sensor pattern 11 has the highest number of color sensitive
elements, the sensor pattern 11 is called the luminance pattern. As
illustrated in Figures 2-3, the red luminance elements of sensor pattern 11
occur at half the element positions of the array and are uniformly
distributed over the entire sampling array 10. Thus, luminance detail is
sampled by the red elements which form the [argest population of

elements,



by like reference nunerals, an imge sanpling array pattern (color filter

pattern) 10 of the present invention is illustrated in Figures 2-3. Three

sets of sensor patterns 11, 13 and 15 (Figure 3), each corresponding to a

basic color vector, are interlaid to formthe inmage sanpling arngay. paid ern
10 (Figures 2-3). The sensor pattern 11 is fornmed of red-sensitive

el enments (also called | um nance el enents) which are denoted by an "R' and
are arranged at ever{o?d;er Sk PP hds! nﬁﬁ%ﬁé@g@&@@ﬁ@ ternatle NC€
t he sensor pattern 11 has the highest nunber of color sensitive elenents,
the sensor pattern 11 withahé feddumimantaizmens of ghats¢rsomnpattdsn 11 id aletmaat ed i n

Figures 2-3, the red | um nanc | ements of sqQr pattern,ll ur,at half
the el enent positions 8™ ﬁ"némg’rrg’a?n_é‘?fd’agl‘@ ﬁiﬂ*@%@mﬂ}%?ﬂ%ﬁf‘gﬁ ¥ t he
entire sanpling array dfgerndfWith the! BdaRAGRNECHahEnts 8f the 3RbLFatRYn 116y ' ed
el ements which formthe |argest population of elenents. 6 June 2006

[ 0026] Sensor pattern algrhate reyse Shhiswayrsenser prtreonsdd and'15.fafro la spmetrical e
with the red | um nance_el enents of the sensor pattern 11 in alternat

Fows. S arly. sensofSSRRprastattit RS erimteL bbbl e
alternate with the redydrted ReSESvEIneFIRIYe D, OWhédh HRIZE HnsOFib rQH Dud line by
alternate rows. This way, sensor patterns 13 and 15 forma symetrical and

uni f or m arrangenent i nlirashapizrel seanence foadsi RGBGRG ¢tor pxcbthca thadleernareling cal |

as shown in Figure 2. n.an_i ﬁ r is read out, line by line, the
pi xel sequence reads Rgggﬁ&%é‘fagg;%%%n fsfgh the alternate |line sequence
reads BRBRBR etc. [0027] In the arrangenent of Figures 2-3, the red

el ements form hal f 0f0027] In the arrangement of Figures 2-3, the red elements form half of

the clement population, while the blue and green clements form the other
half of the element population. Thus, the blue sensitive elements form
one fourth of the element population, while the green sensitive elements
also form one fourth of the element population. As a result of the twice
greater population of the red elements relative to the blue and green ones,
red detail is sampled at a twice h.ighc}: rate than blue detail or green detail.
As aresult of the red luminance pattern, sampling of an image devoid of
all three basic colors, for example, of an image predominant in red and red
hues, is symmetrical and uniform in both the horizontal and vertical
direction. Thus, the color sampling array pattern 10 is preferably
employed for sampling all three basic color vectors according to the
primary color of the internal human body, that tends to be in the red
spectrum. Sampling the red color at twice the frequency of the other two
primary colors provides a good representation of the Juminance |
component of a particular internal. body part, organ, tissue or element
being imaged.

[0028] A solid-state imager 20 comprising a color ilter layer 100 having

color filter pattern 10 of the present invention is schematically illustrated

in Figures 4-6. The imager 20 comprises color filter layer 100 formed
7




the cl ement popul ation, while the blue and green el enents formthe other
hal f of the el enent popul ation. Thus, the blue sensitive elenents form one
fourth of the clenent popul ation, while the green sensitive elenents also
formone fourth of the elenent population. As a result of the 4 W&®n06
greater population of the red elenments relative to the blue and green ones,
red detail is sanpled at a tw ce higher rate than blue detail or green

detail . As a resulévcps ?%Iagm%ra&aarcfs%ﬁa@mmmwb@wmge _
devoid of all three ba Ic colors, "for exanple, of an'inmage predori nant in

red and red hues, thsWswsmhdmdbemabmmmnpb@twr?émm@maI and

verti cal directron t he col or ling.arr tte 0
preferably enpl oyé’d“?ﬁ?’ %fé’ ffcﬁﬁoraffps W@cgé%%aa%\g?gl?c su@@:{%? géscor di ng
to the primry CO'&R/cr@fitbgfiq:rbﬁ&Eﬁfcﬂ@cr Dy Rt abedya phssiditidremdpldnaribRionn t he

red spectrum Sanplin e red color at twice the frequency of the other
two primary col or daysr &uithe imageg 38d Pratpetivedayen4 51y OF adayer o

bei g i maged. _( bo2eSGk Wsphal Bl sirolE A5 BbuisREE T orhé ) il
| ayer 100 havi ng ceimemissive tRGlageitern 10 of the present |nvent|on IS
schematically illustrated in Figures 4-6. The imager 20 conprises color

filter layer 100 r ned 7 Ju 2006 over a pi xel arr 2 S rt of the
same substrate 3({0%\?03”]3 rfh?é;?f%ﬁt&ﬁyyﬁfmot p ?Q?@Cﬁ@én bed

above. The pixel ary gells 28
formed in and over tb%gc %u%lgl?érggé‘}g?&&n%ssrﬂgwégi\%{%é Oi‘l;p‘?iglt%l?g%% | ayer 24

that acts as a pas s:mrqinsamrmriypnlf sntbsengitivd demertaioeated at eveheothawagey 20.

Protective |ayer 24
y porsr{a on, anc:{fjl altchatmg%luc scnsGhvc an% green sensitive clements

located at the remaining array positions, as described in detail above with
reference to the color imaging array pattern 10. This way, the color filter
layer 100 samples red color most frequently and blue and green colors.

least frequently.

[0030] As also depicted in Figures 4-6, a microlens array 22 is formed so
that microlens 70 are formed above each pixel cell 28. The microlens
array 22 is formed such that the focal point of the array is centered over
the photosensitive elements in each pixel cell 28. The device also includes
a spacer layer 25 under the mircolens array 22 and over the color filter
layer 100. The thickness of spacer layer 25 is adjusted such that the
photosensitive element is at a focal point for the light traveling through

lenses 70 of microlens array 22,

[0031] As shown in Figures 5-6, each pixel sensor cell 28 contains a
photosensor 34, which may be a photodiode, photogate, or the like. A
photogate photosensor 34 is depicted in Figtrrcs 5-6. An applied control
signal PG is applied to the photogate 34 so that when incident radiation
101 in the form of photons passes color filter layer 100 and strikes the

8




BSG silicon dioxide, silicon nitride, polyimde, or other well-known |ight
transm ssive insulator. [0029] The color filter layer 100 having col or
filter pattern 10 described above is forned over the passivation |ayer 24.
The color filter |ayer 100 conprises an array of red sensiti vengtepmnts

| ocated at every other array position, and alternating blue sensitive and
green sensitive elenents. |located at the renmaining array positions, as
described in detail ahove wit ef erence to the color i i ng.ary.a
pattern 10. This vvay,p%%“ﬂ%qrg#,’&\‘i %chf'g“}c S'Qﬁﬁ?ngé r@&?g%'h&gpggd nost
frequently and bl ue aRgiosrFAihdepHR PhotoskBas B4 [ AeineraE transistdiB3A} lobsked! SO
depicted in Figures 4-b, a mcrolens array 22 is forned so_ that mcrol ens

70 are formed above eEhtpihegthotasensop 84, anddapsaures apdgiraip regigns 86, #Q andaned

such that the focal pgi [ ig ¢ tgggldrfv ﬂ.ﬂ; t nsitive
el enents in each pi xe&té;&et?g%&%'f%g“gé\’/?ce g‘%}ss mcl‘ugeg a rscgg%e‘%hsﬁayer 25
under the mcrol ens allsoxalleda in@\diffusidieregioh @f a fllohdigy diffusiye hodd)@nd #the
t hi ckness of spacer layer 25 is adjusted such that the photosensitive

element is at a focalPapwss Ahargoreceiyred from e PhatgenIaig4tA BRI mapEeBddyo of

mcrolens array 22.. i) Q@ BB T : xel or cell
28 contains a phot os%aégsor ,ov&r%?%érlﬁa?%g%a%pﬁg t(%f’%%g%]sgﬁo.oré%ta%? or the
like. A photogate phiipedeegions 4% 52 and ghicGtacki 54 is dohgullebbyba fesetAignallRST ed
control signal PGis applied to the photogate 34 so that when incident
radiation 101 in thé”@éhﬁ?@'ﬁtcﬁ)ﬁb'{cﬁﬁﬁﬁ‘?ﬁ%@éﬁdé@s&“fﬂlpﬂgp Payer 100 and

trikes the 8 7 June H080-RNALPRRDMiaddjust BEoRBUIateRRi! it BFtieons

accunul ate in the do
formation and function of the above-described elements of a pixel sensor

cell may be found, for example, in U.S. Patent No. 6,376,868 and U.S.
Patent No. 6,333,205, the disclosures of which are incorporated by

reference herein,

[0032] As illustrated in Figure 5, the gate stacks 42, 54 of the pixel cell 28
for the transfer 38 and reset 50 transistors include a silicon dioxide or
silicon nitride insulator 56 on the substrate 30, which in this example is a
p-type substrate, a conductive layer 58 of doped polysilicon, tungsten, or
other suitable material over the insulating layer 56, and an insulating cap
layer 60 of, for example, silicon dioxide, silicbn nitride, or ONO (oxide-
nitride-oxide). A silicide layer 59 may be used between the polysilicon
layer 58 and the cap 60, if desired. Insulating sidewalls 62 are also formed
on the sides of the gate stacks 42,.54. These sidewalls may be formed of,
for example, silicon dioxide, silicon nitride, or ONO, A field oxide layer
64 around the pixel cell 28 serves to isolate it from other pixel cells in the
array. A second gate oxide layer 57 may be grown on the silicon substrate
and the photogate semi-transparent conductor 66 is patterned from this
layer. In the case that the photosensor is a photodiode, no second gate

oxide layer 57 and no photogate semi-transparent conductor 66 is

9



region 36 under the photosensor 34. A transfer transistor 38 is |ocated
next to the photosensor 34, and has source and drain regions 36, 40 and a
gate stack 42 controlled by a transfer signal TX. The drain region 40 is
also called a floating diffusion region or a floating diffusiopjprdgosand
It passes charge received fromthe photosensor 34 to output transistors
44, 46 and then to readout circuitry 48. A reset transistor 50 conprised

of doped regions 4Rquired.aReitigRindres tafdferrénkistoe 38ty spdonsl, bywhich eget signa
RST which operates to reset the floating diffusion region 40 to a :
predet er mi ned i ni t i % diFisiongesions 86 prd 49 aresoanested tageddbut . Details of the
formation and function of the above-described el enents of a pixel sensor

cel | may be found[:zoofs@] CRRORIE filteR 1ayerT 00FF RO EmbBdinfnBd B A5 BBk & S.
Pat ent No. 6, 333, 205, "the di scl osurés of which are i1ncorporated by

reference herein. [mes®hctardithtoughnprecss desdEitgdne fdlowsradginseraetdanks 42, 54

of the pixel cell fo h ransf er and, reset 5Q transistars include
a silicon dioxide ﬁglgugcf ?fécioﬁ‘%mgint?év ﬁoﬁﬂfrﬁé}oﬁs%uﬁﬁ%%g%@&% 30,
which in this exanpbfahk $ypRs oPsub¥iPfeSdGibed hBoved heaielh pixkNRral @ger 58 of
doped polysilicon, tungsten, or other suitable material over the

i nsul ating | ayer 5eperiphgrabeirquits,sontictsgnd wiring foymed geresm, by well-knawml e,

silicon dioxide, silli LLr r , .des RbbEhdgaaxhde) A .Silicide
ayer 59 my be usdicRBRLboREL  BRre R P4 EBRSG A G R wisgngy '
desired. |nsul ati ngliskideyslichbs nddabethllike isfformedioved thd pieel airale36 f the gate
stacks 42,. 54. These sidewalls may be fornmed of, for exanple, silicon

di oxi de, silicon niRassivasc itgpd guprovislers plangrizsd wefattayer 64 around the pi xel
cell 28 serves to isolate it fromother pixel cells in the array. A second

0o 0 2 ol OSED Rl 40 1 B bsiton i s
also shown in Figure 7. The color filter layer 100 may be formed of a
color resist or acrylic material which is used as a light transmitting
material. For example, color filter layer 100 may be formed of a plurality
of color filter layers, each of the plurality of cblor filter layers consisting of
red filter regions (not shown), green filter regions (not shownj and blue
filter regions (not shown), which are formed, for example, from resist or
acrylic material of the respective color-filtering qualities. As such, red
sensitive resist material, blue sensitive resist métcrial and green sensitive
resist material may be employed to form the red, blue and green sensitive
elements of each of the plurality of color filter layers that form color filter
layer 100. These red, blue and green clements are dispbscd side by side,
and according to the above-described color filter pattern 10, so that the
red sensitive elements are located at every other array position, with
alternating blue sensitive and green sensitive elements located at the
remaining array positions. Other embodiments may employ other colored
materials, such as paint or dye, as known in the art. The color flter layer
100 may be formed over the passivation layer 24 by conventional
deposition or spixi-on methods, for example.

10



| ayer. In the case that the photosensor is a photodi ode, no second gate
oxi de layer 57 and no photogate sem -transparent conductor 66 is 9 7 June
2006 required. Furthernore, transfer transistor 38 is optional, in which
case the diffusion regions 36 and 40 are connected together. iﬂﬂ%%hoghe
color filter layer 100 of the enbodi ment descri bed above is nanufactured
t hrough a process described as follows, and illustrated in Figures 7-9.

Referri Fi 7, 30, uhich b f th
of subst rat s dascr AL dbe R IR pim Al SRS 8RR quretfof *7°°
circuits, contacts angentrailyigssithin®0lmidtenewide PilthoREh oltiee gEometFitdl slthpes | S

provided. A protective |ayer 24 of BPSG BSG PSG silicon dioxide,
silicon nitride or thd&naybeuspd aboyand greplegedim eegistraion withahe plotossnsifives si vat e

it and to provide a pl ' Sk, ' h yer 100 is
formed over the passi \?gc??%lnlbz ayer E%fb%gg a@ﬁ@ﬁ%\%\u‘&%ﬂﬁt&&hﬁ_ The col or

filter layer 100 nay be fornmed of a color resist or acrylic material which
is used as a |ight t[P83GJhi Nexnyg spaiglayeal25 iFformed avapiths potdative Bydrt2ds asl ayer

ol ur a1ty of col or 11 RRBrEafedh Fleuet e ROrRHye lonses 7t he b imgede shor

shown), green filter 'ir?Big%?c;Q,(ﬁ’&h a?%%ﬁr@ B exdrhplk So ﬂ:ﬁ?&aﬂf‘ﬁnﬁ 7@t

shown), which are forned r’examnp edist or' acrylic material of
t he respective col or - pvtdiesa pigelgpehRBt Afrernaiee cmsimctioaslin whick a féng &0r esi st

material, blue sensitive.resist material and green sensitive resjst
material may be enpl o?gffhfsomf’%w}ﬁ Qqﬁeic;lg&S ¥t %’ffﬂmé’t"‘%sé‘?m"géhr?sﬁrﬁc{?%

el ements of each of tRhgepkysality of color filter layers that form col or
filter layer 100. These red, blue and green elenents are di sposed side by
si de,

{0037] The color filter layer 100 is essentially complete at this stage, and
conventional processing methods may now be performed to package the
imager 20. Pixel arrays having the color filter array pattern of the present
invcntion, and described with reference to Figures 2-9, may be further

processed as known in the art to produce a CMOS inager.

[0038] The filter array of the prcScnt invention may be also used with
pixels of other types of imagers as well, for example, with a CCD imager.
If desired, the imager 20 may be combined with a processor, such as a
CPU, digital signal processor or microprocessor. The imager 20 and the
microprocessor may be formed in a single integrated circuit. An
exemplary processor system 400 using a CMOS imager having a filter
array in accordance with the present invention is illustrated in Figure 10.
A processor based system is exemplary of a system having digital circnits
which could include CMOS or other imager devices. Without being:
limiting, such a system could include a computer system, camera system,
scanner, machine vision system, vehicle navigation system, video
telephone, surveillance system, auto focus system, star tracker system,

motion detection system, image stabilization system and data compression
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and according to the above-described color filter pattern 10, so that the
red sensitive elenents are | ocated at every other array position, with
alternating blue sensitive and green sensitive elenents |ocated at the
remai ning array positions. Qher enbodi nents may enpl oy ot her7 ¢@de@i0od
materials, such as paint or dye, as known in'ihe art. The color filter

| ayer 100 may be forned over the passivation |ayer 24 by conventi onal
deposi tion or spi nspierAEitiags defiitioresevidion, all 6f whidl om Rfl6 hop@sht The red,
blue and green filter elements are preferably squares of generally |ess
than 50 m crons wi d@¥en8PRhough ot her geonetrical shapes may be used al so,
and are placed in registration wwth the photosensitive elenents (for

exanpl e phot odi ﬁéﬂ@éi?)‘)f AsRRoweH HERTUD M eleditfbiry pidledbi sy 4008 spaci ng

| ayer 25 is fornmed over the protective layer 24, "as illustrated in Figure

8. Refractive | ensgsndaliymomprisers trathioproedsing ynic KORK ) 444, FEgare 9, from a
|l ens formng |ayer, for exa

|l e, so that each |ens 7 0 | pi xel
cell 28. Aternati \;@Cwﬁ%ﬁcfsggttﬁéiﬁeﬂﬁf&?%ﬁ%ﬁ“ qnexﬂgut/éutp&\égﬂc?)g%v%ﬁl tiple
pi xel cells 28 are 4asReLNNTHS SEE il DD DiceRithunitdteewith dit syftfi37] The
color filter layer 100 is essentially conplete at this stage, and

conventi onal pr oceswtmbusrsizh Jde computesyskrm (80 alse inclndes randeraAgeest he i mager
20. Pixel arrays having_t 0 filter array. el nt
i nvention, and desé?‘?%‘g’@f (m Jf% é?%ﬁ‘(% c‘gudﬁ%ﬁ sr£13:1}'81,‘:&?{'rrséll)E/lj’:I ,%GP{I%}? her
processed as known digk drive 484} alBmpPi@di&eCD)HOM driveaiess. or[ 0B nettivey fi | t er
array of the present invention nmaybe al so used with pixel E ofr ot her types
of imagers as wel | 458ovhicl slspeamminnicare P Viddgever the bus 452, The

floppy disk 454, the CD ROM 456 or flash memory 458 stores images

captured by imager 20. The imager 20 is preferably constructed as an

integrated circuit, with or without memory storage, which includes a color

filter layer 100 having color filter pattern 10 of the present invention, as

previously described with respect to Figures'2-9.

[0040] Since the color filter array pattern for use in a solid-state imager, as
described above, comprises red sensitive elements located at every other
array position, and alternating blue sensitive and green sensitive clements
located at the remaining array positions, red color is sampled most
frequently and blue and green color are sampled least frequently. For this
reasons, the color filter array pattern of the present invention may be
employed for obtaining images and data measurements from a varicty of
organ systems, tissues and cells for use in splanchnology (study of viscera),
neurology (study of nervous system), osteology (study of bones),
syndesmology (study of ligaments and joints) and myology (study of
muscles), among others. This way, sampling red color (the primary color
of internal body organs, tissues and cells) at twice the frequency of the

other two primary colors provides a good representation of the luminance

12




I f desired, the inmager 20 nmay be conbined with a processor, such as a CPU,
digital signal processor or mcroprocessor. The inmager 20 and the

m croprocessor nay be formed in a single integrated circuit. An exenplary
processor system 400 using a CMOS i mager having a filter array %{%20 6
accordance with the present invention is illustrated in Figure i R
processor based systemis exenplary of a systemhaving digital circuits

whi ch coul d incIudeClVE& h dev S:.. W I houl e| |imting;
such a systemcould incC u'gc;é"cgIE F%@?@g E{Eéﬂé%gg ity 't’ &H&% ner,
machi ne vi si on system invgBdcl e navi gati on system video telephone,
surveil l ance system auto focus system star tracker system noti on

detecti on system i at.i on syste d ression 11 7 June
2006 system for hi gh £ @Y@&ﬁé&&ﬁ“rpﬁmr& q’ r@é‘ﬁ’ﬂf?@he t he

present invention. WQ@&]ndﬁ%l&hﬁW er' 20 1&&&&&&&9%@? ﬁ‘éﬁ‘?ﬁ?&lé&d{uﬂhﬂ??ssor
system 400 generally conprides a Central processing unit (CPU) 444, e.g.,

a microprocessor, thatolmﬁitmdnycral(lfbandctollorzﬁitcrpmtmdb&bﬁt&cmsﬁ@mdmﬁone 446

over a bus 452. The imm 0 al so mruni cates with the system ,over bus
252 The compui er syst B HEHCLRAPINAE "PAREES T BB LML P tAan 445,

and may include peri phgealreheap: Qﬁ&ﬁ%ﬂclﬁ&ct&tﬂrﬂewﬁnd%ﬂ dadsCof hdbousd
conmpact disk (CD) ROM drive 456 or flash nenory 458 I ch al so

comuni cate with CPU 4systermy of dtcﬂmnmwszsucﬁhsthcfdﬁgtm qilrswscﬂlsﬂsysmhne,f@ RO\/I
456 or flash nenory 458 st reé i.mages captured by inmager . 20. &Sﬂagé
i s preferably constructedP P4 Vit FARE im rfm%sﬁ'ﬁc’aqucf‘ﬁb m)ry
storage, which incl udegyBowMiklectronic capsules which collect data from various internal

body organs or tissues and further transmit data to a receiver system.

These swallowable intestinal capsules may also include a transmission
system for transmitting the measured data at various radio frequescies to

the receiver system.

[0042] Other i rivo detecting and measuring systems, to which the
imager 20 comprising color filter layer 100 with color filter pattern 10 of
thg present inventon may be attached, are endoscopes, which are typically
long tubes that patients swallow to provide images of the upper or lower
gastrointestinal tract. The endoscopes may be fiber optic endoscopes or
video endoscopes. In video endoscopes, for example, a small electronic
camera is placed at the area of interest and stores the images until after the
test finishes.

[0043] More detail on ## pive video cameras and swallowable capsules are
provided, for example, in U.S. Patent No. 5,604,531 to Iddan etal,; U.S,
Patent No. 4,278,077 to Mizumoto; U.S. Patent No. 5,267,033 to
Hoshino; and E. N. Rowland and H. S. Wolff, The Radio Pill:
Telemetering from vhe Digestive Tract, British Communications and
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filter layer 100 having color filter pattern 10 of-the present invention,
as previously described with respect to Figures "2-9. [0040] Since the
color filter array pattern for use in a solid-state inmager, as described -
above, conprises red sensitive elenments |ocated at every other+ jaiJ e
position, and alternating blue sensitive and green sensitive e?errents

| ocated at the remmining array positio r ol.or, i's s l,ed nost
frequently and bl @W@Kéﬁ%é?é@%‘gag‘éﬂiﬁéﬁ‘#’éﬁ?f‘“ﬁ ¥§. For this

reasons, the col ormédrééﬁgcdq;g%%ﬁbg&ﬁ_of the present invention may be
nY | mages an

enpl oyed for obtaini S data neasurenents froma variety of
organ systens, tissues and cells for use in splanchnol ogy i’;udy of

viscera), neur di004%] ( dt sibpldigaireby nored thaspishyughothe daveagion pasibegh of bonesj ,
syndesnol ogy (study of |.iganent.s and joints) _.and. I

nuscl es), anong ot ?@cdﬂ'ﬁksﬂﬁ&é?“gﬁﬁ%ﬁcitﬁ %ﬂgg‘é{%}%h?tg%ggﬁ#ﬁar *col or of
internal body orgas inveh&SH RS 1RBsHeE 8pplizibilily dndingsy Beh@ed ireapydmayingf t he

other two primary colors provides a good represent'ati? of tl}»f Igm’ nance 12
7 June 2006 conporepparanss. iSimilaskyy thequpesss fop ther fabricagen ¢ g?‘g"é’?ﬂf YEQYE or cel |

being imaged. [0 Accor,dingl . nd, i ﬁéﬁ f ygaretel t t he

present inventi o&ﬂ%cwék’?gﬁ%bpgo%oﬁlg%h?’&g{e gstﬁ%rfgl nt egdr;g{tﬂ'e {::i rcuit
with a color fil tfové ayefipddardleraeidigs fliubirdte peftedd anbodifient which pr esent
invention, and further as a part of an in, vivo yideo canpra system or an

in vivo measur eneashicvy thearbjeoin fastnrerand adrantages 05 the RICSEARINYARODG AL 1§ of
various systens of the human bod 1R nttdEstd Saclgiscul ar
systens, for exarﬁﬂtéqtcflﬁ%f)g\?i eﬁgt;i%?r%@%%ngg neasurttel‘\r!rglrlllt?&%ystens
typical | y include ¢mbodiments. Any modification of the present invention whith comes

within the spitit and scope of the following claims should be considered

part of the present invention.
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swal | owabl e el ectroni c capsul es which collect data fromvarious internal
body organs or tissues and further transmt data to a receiver system
These swal | owabl e i ntestinal capsules may al so i nclude a transjym ssi
systemfor transmitting the neasured ddPa at various radio freﬁl‘@ﬁ@ﬁ@s to
the receiver system [0042] OQther in. vivo detecting and neasuring systens,
to which the imger 20 conprising color filter layer 100 with color filter
pattern 10 of the present invention may be attached, are endoscopes, which

are typi CAVHAT I9CLAIMED IShat patients swall ow to provide images of the

upper or lower gastrointestinal tract. The endoscopes may be fiber optic

endoscopes or vi deq_ endosgnpesiterlafrayiféiate enaoinagiesdevicr coexampige, a smal |
el ectronic canera is placed at the area of interest and stores the inages

until after the tn%i%ipg DigPeSom x\fil’slq La '\/Pfu?alﬂ?t 8f | piBl i ceIi wontiintiRo caner as

and swal | owabl gncaps s ar pr or exanple, in U 'S. Patent No.
5,604,531 to Iddan et ,al.; US., Patent No. 4,278,077 to M zunoto; U.S.
Pat ent NoPhgtosg®#opssand o Hoshino; and E. N. Rowland and H. S. Wl ff, The
Radio Pill: Telemetering fromthe D gestive gract,

. N .gri ti ssg %om{a cations
and 13 7 June 2008Ta efchglyrscasitiyaglimants pgyided 9VeE SEARPOIOSCPRLS 3% | osur es
of which are incorporated by reference herein. | 004&] It shoul d.agai n be
not ed t hataraltofitightsehdiavé cdumnnts opmprsinpewsisengitive plementsyiaidred 5eryHyc
reference to imaging circuits having a pixel array, the invention has
broader apppy GAPbduringRdevaRY oitfer ef@knt Positiyn ioffagidrayrayapplighitsessitivt m | ar |y,
the process for the fabrication of the color filter |ayer

clements.

2. The color filter array of claim 1, wherein said array of light
sensitive elements further comprises blue sensitive elements
and green sensitive elements arranged in repeating patierns
with respect to said red sensitive elements.

3. The color filter array of claim 1, wherein said blue sensitive
elements and said green sensitive elements alternate with said
red sensitive elements in alternate rows, respectively, of said
array of light sensitive elements.

4. The color filter array of claim 3, wherein said blue sensitive
elements occur at one fourth of said element positions.

5. The color filter array of claim 1, wherein said imaging device
is part of an in vivo camera system.

6. The color filter array of claim 1, wherein said imaging device

is part of an in vivo CMOS capsule camera.




100 descri bed above is but one nethod of many that could be used. The

above description and drawings illustrate preferred enbodi nents which
achi eve the objects, features and advantages of the present invention. It
is not intended that the present invention be limted to the illustrated

enbodi ments. Any nodification of the pre¥ent invention which cofd¥®3f0¢hin
the spirit and scope of the follow ng clainms should be considered part of
the present invention. 14 15 7 June 2006 WHAT IS CLAIMED |S: 1. A color
filter array for use 7.n anThergodorrfijted euak of eloimli whargin saadh imaging AeVies r ay
conprising a plurality of pixel cells containing photosensors; and an
array of light sensitive dkeamenfsngridoseaped over said photosensors, said
array of light sensitive elenments conprising red sensitive elenents, said

red sensitive elenenys ocgublol AetiatRMERY usd NG Mg Mevie sbinpasingf said
array of light sensitive elements. 2. The color fi [t er array of claima1,

wherein said array of lig I dqt j bl ue
sensitive elenments and g:Eepelﬁlsaisi%%’iiq%ﬁ\?gﬂgﬁg%ne%ﬁgéngélgﬁggggpﬁrdr%ﬁ%gﬂ ng
patterns wth respect to(gaLdlre sensi.t.ive elenents..g. Tq% cghob filter
array of claim1, wherein S sells cOnpdsing photoginsorsntald RINGIEY % I§Pben
sensitive elenents alternate with said red sensitive elenents in alternate
rows, respectively, of sais§nsiyq glemsnty peyHprising Jpd jSGRSIBY S FEsHegts, pluerne
color filter array of claim3, wherein said blue sensitive

sensitive elements and green sensitive elements arranged in a

predefined pattern, said red sensitive elements occurring at
every other element position of said predefined pattern.

The color filter pattern of claim 8, wherein said blue sensitive
elements and said green sensitive elements arranged in
repeating order with respect to said red sensitive elements.
The color filter pattern of claim 9, wherein said blue sensitive
elements and said green sensitive elements alternate with said
red sensitive elements in alternate rows, respectively, of said
predefined pattem.

The color filter pattern of claim 8, wherein said blue sensitive
elements occur at one fourth of said element positions.

The color filter pattern of claim 8, wherein said imaging
device is part of an in vivo camera system.

The color filter pattern of claim 8§, wherein said imaging

device is part of an in vivo CMOS capsule camera.




el ements occur at one fourth of said elenment positions. 5. The color filter
array of claim1, wherein said inmaging device is part of an in vivo canera
system 6. The color filter array of claiml, wherein said inmaging device
is part of an in vivo CMOS capsule canera. 16 7 June 2006 7. The col or
filter array of claim1, wherein said inbging device is part of Jgip 2006
endoscope. 8. A color filter pattern for use in an inagi ng device
conprising: a plurality of light sensitive elenents provided over a
plurality of pixel cells Benrpelosifilgr pratemsehshis, 8.s#hareyl spidl imaging | ght
sensitive elenents conprising red sensitive el enents, blue sensitive

el ements and green sensitidegiceliepahdSanaendasugped i n a predefined pattern,
said red sensitive elenments occurring at every other elenent position of
said predefined pattersd. 9a cdloe fiked Wittt fok Qke Rat JvaNlldwableGapiult BnagMier ei n
said blue sensitive elenents and said green sensitive elenents arranged in
repeating order with resp . L.d red sensitive elenments. 10. The col or
filter pattern of clain193£&H%S€§%h§g d blue sensitive elenents and said
green sensitive elenent%ggkte£gq%e mL%h %gid red. %fsitive eIFnentg in
alternate rows, respeth ALY, 0T BEntSeps] ‘V%PSH‘S?‘isrPé‘a‘”ﬁ% PEF AT PSP ol or
filter pattern of claim@8, wherein said blue sensitive elenents qQccur at
one fourth of sdfdal symlemaplssapranimagng deyige, sgidopluraglity et ghliseBsiiveor claim
8, wherein said imaging device is part of an in vivo canera system

elements comprising red sensitive elements, blue sensitive elements and

green sensitive elements arranged in a predefined pattern, said red sensitive
elements occurring at every other element position of said predefined pattern,
and wherein said blue sensitive elements and said green sensitive elements
alternate with said red sensitive elements in alternate rows, respectively, of
said predefined pattern.

16. The color filter pattern of claim 15, wherein said blue
sensitive elements occur at one fourth of said element
positions.

17.  The color filter pattern of claim 15, wherein said capsule
imaging device is part of an in vivo camera system.

18.  Animager comprising:

an imaging array having a plurality of pixel sensor cells formed at an

upper surface of a substrate and providing output data representing an image;
and

a color filter layer formed on said imaging array, said color filter

layer comprising a plurality of red sensitive elements, blue sensitive elements



13. The color filter pattern of claim8, wherein said inmaging device is
part of an in vivo CMOS capsule canera. 17 7 June 2006 14. The color filter
pattern of claim8, wherein said imging device is part of an endoscope.
15. A color filter pattern for use in a swall owabl e capsul e i nagi n devi ce
conprising: a plurality of light sensitidve el ements provided o{&yne£{06

i magi ng area of said swallowabl e capsule inaging device, said plurality of
light sensitive elenents conprising red sensitive elenents, blue sensitive
el ements and gnéenmccaesessitivy elegicatse said phuraliigdded.rlblae ppé GEFN FERSIRR t er n,
said red sensitive elenents occurring at every other elenent position of
sai d predefi nedi@@dniebling Andgahar eicolsfiltr patternsentiat isaid rell smemtive and sai d
green sensitive elenents alternate with said red sensitive elenents in

arternate fows.qid GaReGchl 8l doryPlthorrier p8AROH BEChiRASIbEMiNer phélermThe col of
c , er

filter pattern o arm 1 eln said ue sensitive elenments occur at

one fourth of said gll!gg”ga ¥ Osgiarit#gc']%m 1w idiGn $81dH1ud Eér{sﬁfvera’érﬁé%ﬁéﬂ of

claim15, wherein s ging device is part of an in vivo canera

system 18. An inmger conprising: an inaging array havin pl ity of
pi xel sensor cells formedt Saidh grﬁ‘iibé?nsétg"lﬁf glt‘?ﬁleﬂ‘is ?Jtlte%'ﬁﬁgt%lg?esaggngédpr ovi di ng

out put data representing an inmage; and a color filter layer faornmed on said
i magi ng array, said col orsehsitiverclimgnty ie Hismats sgva BERRCHVElYy obrsaity
sensitive elenents, blue sensitive el enents

color filter pattern.

20.  The imager of claim 18, wherein said blue sensitive elements
occur at one fourth of said element positions.

21.  The imager of claim 18, wherein said pixel sensor cells are
part of an in vivo camera system.

22.  The imager of claim 18, wherein said pixel sensor cells are
part of an in vivo CMOS capsule camera.

23.  The imager of claim 18, wherein said pixel sensor cells are
part of an endoscope.

24.  The imager of claim 18, wherein said pixel sensor cells
provide output data representing an image of an internal body
organ.

25.  The imager of claim 18, wherein said pixel sensor cells

provide output data representing an image of an internal body

muscle.



1 8 7 June 2006 and green sensitive elenents, said plurality of red, blue
and green sensitive elenents being arranged in a color filter pattern so
that said red sensitive elenents occur at every other el enent position of
said color filter pattern. 19. The inmager of claim 18, wherein said blue
sensitive elements and said green sensii3ve elenents alternate?vine2088i d
red sensitive elenents in alternate rows, respectively, of said color
filter pattern. 20. The imager of claim 18, wherein said blue sensitive

el ements occur at orié.f ouFhehimages a0fd claimentht whersint saidspixell semppe cellmger of
claim 18, wherein said pixel sensor cells are part of an in vivo canera
system 22. The imager of mbeideolhfput ddtergrasepanglapinede cfandntercdbbdy ar e
part of an in vivo CMOS capsul e canera. 23. The inager of claim 18, wherein
sai d pi xel sensor cells arggPart of an endoscope. 24. The inmager of claim
18, wherein said pixel sensor cells provide output data representing an

i mge of an internal jgpdyd%%hggga?ﬁgeartc‘éﬁl&g%%ger of claim 18, wherein said

pi xel sensor cells provi senting an inmage of an

i nternal bod muscle. 19 7 June 2006 26.. . The i er of claim 18, .wherein
sai d pi xel sgnsor cel¥s ATRY & ezl 8e50% callt g""r’@ﬁ?ﬁ%@ﬂt?ﬂ?ﬁraﬁ’fr' fagé df an

i nternal body tissue.
substrate;

a protective layer formed over said array; and

a color filter layer formed on said protective layer, said color filter
layer comprising a plurality of red sensitive elements, blue sensitive elements
and green sensitive elements, said plurality of red, blue and green sensitive
elements being arranged in a color filter pattern so that said red sensitive
elements occur at every other element position of said color filter pattern.

28.  The CMOS imager of claim 27, wherein said blue sensitive
elements and said green sensitive elements alterate with said
red sensitive elements in alternate rows, respectively, of said
color filter pattern.

29.  The CMOS imager of claim 27, wherein said blue sensitive
elements occur at one fourth of said element positions.

30. The CMOS imager of claim 27, wherein said pixel sensor
cells are part of an in vivo camera system.

31.  The CMOS imager of claim 27, wherein said pixel sensor

cells are part of an endoscope.




27. A CMOS i mager conprising: an array of pixel sensor cells fornmed at an
upper surface of a substrate; a protective |layer fornmed over said array;
and a color filter layer formed on said protective |ayer, said color filter
| ayer comprising a plurality of red sensitive elenents, blue sensitive
elements and green sensitive el ements,2&aid plurality of red, 7HMR?08Rd
green sensitive elenents being arranged in a color filter pattern so that
said red sensitive elenents occur at every other elenment position of said
color filter patterm2.28. ThthEMDNESmagergef céimcﬂaimhezmp saffe piich sesed bl ue
sensitive elenents and said green sensitive elenents alternate with said
red sensitive el ements i ncetlstpesvidd eutpovdata repsgseminigval imagefofsaiinterrabl or
filter pattern. 29. The CMOS i nager of claim 27, wherein said blue
sensitive elements occurpgfy R fourth of said el ement positions. 30. The
CMOS i mager of claim 27, whérein said pixel sensor cells are part of an in

Vi vO canera system N i f J . i L i xel
sensor cells are pa3:3't1’ ofﬂgenem%é% gogﬁla%?uﬂ]g%%ﬂ%?b%g%%%eg i mager
of claim 27, wherein said pixel sensor .cells provide. output data
representing an i mage of Sipﬁ‘?VéS%%‘I‘tpmb%reBFﬁ gAY IM4EE U%I@ﬁégﬁeﬂl&ber of
claim 27, wherein said pixel sensor cells provide output data representing
an image of an internal Usdfississue.

34. A method of forming a color filter array for use in an imaging
device, said method comprising the steps of:

providing a substrate having an array of pixel sensors cells formed

thereon;

providing a protective layer over said pixel sensors cells; and

forming a color filter layer over said protective layer, said color filter

layer being formed of a plurality of light sensitive elements comprising red
sensitive elements, blue sensitive elements and green sensitive elements, said
plurality of light sensitive elements being arranged in a predefined pattern so
that said red sensitive elements occur at every other element position of said
predefined pattern.

35. The method of claim 34, wherein said blue sensitive elements
and said green sensitive elements alternate with said red
sensitive elements in alternate rows, respectively, of said
color filter pattern.

36. The method of claim 35, wherein said blue sensitive elements

occur at one fourth of said element positions.



34. A nethod of formng a color filter array for use in an imaging device,
said nethod conprising the steps of: providing a substrate having an array
of pixel sensors cells formed thereon; providing a protective |ayer over
sai d pixel sensors cells; and formng a color filter |ayer over said
protective layer, said color filter |ay&r being formed of a pl GiFen&30ys of
light sensitive elenments conprising red sensitive elenents, blue sensitive
el enents and green sensitive elenents, said plurality of light sensitive
el ements being arrangdd i rilte petbdédf pletn dt wheminswaid pixak seysgracelledorgensi ti ve
el ements occur at every other elenment position of said predefined pattern.
35. The net hod of cl ai m 34artwfeneh 0iveaitetalsystedensi tive el ements and said
green sensitive elenents alternate with said red sensitive elenents in

alternate rows, respegtiVvefpt m@thod 8 Hlaink 87 OWhérein Qfd PiRbl Rhbor 3fs fokie met hod
of claim35, wherein said blue sensitive el ements occur at one fourth of

sai d el enent positions. Zé)raﬁ]oﬁégg g%g%a(::ﬂ{:%‘l;ﬂ% crarﬁlte&(_)d of claim 34, wherein

sai d pixel sensor cells f VI'VO carrera system 38. The
met hod of claim 37, erei sai i xel . sensor cells form part. of. an in
vivo CCD capsul e caneta. 3;'8".6 Wﬁgo‘ﬁﬁfﬂéﬂng "ﬁ’f‘%rie%soaﬁi, PIKRESTR €t PPY xel
sensor cells form part of an endoscope. 40. The nethod of claim 34,
wherein said pixel sensor Ragligfen epdesgpRie out put data representing an i mage

of an internal body
40.  The method of claim 34, wherein said pixel sensor cells

provide output data representing an image of an internal body
organ.

41,  The method of claim 40, wherein said pixel sensor cells
provide output data representing an image of an internal body
muscle.

42.  The method of claim 34, wherein said pixel sensor cells
provide output data representing an image of an internal body
tissue.

43.  The method of claim 34, wherein said pixel sensor cells
provide output data representing an image of the human
cardiovascular system.

44, A method of forming a color filter array for use in an in vivo
video camera system, said method comprising the steps of:

providing a semiconductor substrate having an array of pixel sensors

cells formed thereon, said pixel sensor cells providing output data

representing an image of internal human body;



organ. 41. The nethod of claim40, wherein said pixel sensor cells provide
out put data representing an inmge of an internal body nuscle. 42. The

nmet hod of claim 34, wherein said pixel sensor cells provide output data
representing an i mage of an internal body tissue. 43. The method of claim
34, wherein said pixel sensor cells pré%ide output data repredetiped6an

i mge of the human cardi ovascul ar system 44. A nethod of form ng a color
filter array for use in an in vivo video camera system said nethod
conprising the stepspuiiding? protetiting layesever sod girsd senseisissts;&and havi ng an
array of pixel sensors cells forned thereon, said pixel sensor cells

provi di ng out put dat formirgps eslenfilterdaper oivma@ed potdcitive layat, shidnborfdy; 22 7
June 2006 providing a protective |ayer over said pixel sensors cells; and

form ng a col ora{i §&8hig h%%a oq\ﬁeﬁlu@ﬁtﬁopﬁg&teseﬁgwe b@ﬁ%ﬁts Rfiphish red filter
| ayer being formed of a plurality of sensitive el enents conprising

o0 sensitive SheonlAmdluBLBSHR oG RLETRY 80 gt REDARAN Lixe

el enents, said plura sen3| erng arranged in a

predeflned pattern SO ai.d red sensitive elenents t every
ot her el ement @ﬁ%ﬂfﬁ&tssal?satw lemerts Ree ApRERD af5edoinsd RRtHBA0 of ol ai m
44, wherein sald bl ue sensitive elenments and said green sensitive elenents
alternate with Halspid eed sengiive elepents|ospwrrit $veny ofherelgagnt ppgtign of said
respectively, of said

predefined pattern.

45, The method of claim 44, wherein said blue sensitive elements
and said green sensitive elements alternate with said red
sensitive elements in alternate rows, respectively, of said
color filter pattern.

46. The method of claim 45, wherein said blue sensitive elements
occur at one fourth of said element positions.

47, The method of claim 44, wherein said in vivo video camera is
a CMOS capsule camera.

48. The method of claim 44, wherein said iz vivo video camera is
part of an endoscope.

49.  The method of claim 44, wherein said pixel sensor cells
provide output data representing an image of an internal
muscle.

50.  The method of claim 44, wherein said pixel sensor cells
provide output data representing an image of the

cardiovascular system.



color filter pattern. 46. The nethod of claim45, wherein said blue
sensitive elenents occur at one fourth of said el enment positions. 47. The
nmet hod of claim44, wherein said in vivo video canera is a CMOS capsul e
canera. 48. The nethod of claim 44, wherein said in vivo video canera is
part of an endoscope. 49. The nethod of 28l ai m 44, wherein sai d plureP0ensor
cells provide output data representing an inmage of an internal nuscle.
50. The nethod of claim44, wherein said pixel sensor cells provide output
data representing an5l.mag&hofmethed of atlainovids oxliengin ssaist eivel XBnsprieplls 2006
51. The nethod of claim44, wherein said pixel sensor cells provide output
data representing an i maggroeidet heutpgasdaioi né@sdenting Syistiamge of the

gastrointestinal system.



