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BACKGROUND OF THE INVENTION

1. Field of the Invention

10 The subject matter disclosed generally relates to
structures and methods for fabricating solid state image

Sensors.

2. Background Information

Photographic equipment such as digital cameras and

15 digital camcorders may contain electronic image sensors
that capture light for processing into still or video
images. Electronic image sensors typically contain
millions of photoelectric conversion units such as
photodiodes.

20 Solid state image sensors can be either of the charge
coupled device (CCD) type or the complimentary metal
oxide semiconductor (CMOS) type. In either type of image
sensor, photoelectric conversion units are formed in a

substrate and arranged in a two-dimensional array. Image



coupl ed device (CCD) type or the conplinentary netal oxide sem conduct or
(CMOS) type. In either type of imge sensor, photoelectric conversion units
are formesoizniizssubstrate and arranged in a two-di nensi ecaliBane/assn4d mage
WD 2011/ 055344PCT/ 1 B2010/ 055049 2 sengors typically contain mllions of

pi xel s each conprising a photoel ectric_conversion unit to provide a

hi gh- r e$918PF 6n HYiRiges L T8 Pﬁﬁﬁéﬁéldﬁléﬁﬁﬁ%ﬁbﬁEQ3%¥X?#§hﬁ*%§bturing, certain
i mge sensors have |light-guides (or 5 waveguides) to direct |ight towards

t he photaebedtriing conviersbenaurtitsc dheveirghterguidés may conpt dseaa | i ght
transm ssive material, for exanple silicon nitride such as Si 3N, having a

refractivenindes highes tAaRCNal, OfnBrSH ounding; LasWAl iog mebgkial, for
exanple silicon 10 oxide, so that there is a total internal re ction at
sidewalls of the light-guides to keep light fromexjting., Alternatively,
the |igiPGUFdes may=havela et ToREPA ‘é@d%%\ahltsTgt%oKiﬁ%vi(aé t he

reflection and are filled with a transparent material, for exanple silicon
oxi e oraisSganderganic désertorl ispin- onwglrass ({1SOGphoAom xett may conpri se
nore than one |ight guides, one stacked above another, to forma cascaded

I'ight | [ ui t. _ ' f t S are
typica?#%gg?rgqg¥té%h%F?éh@ﬁgbﬁféagyaﬁggﬁgf{92% éﬁa équig%n%%g§g

hori zontal cross-sectional ,profile at any _one gjven height fromthe
substréﬁ%@nﬁgéﬁﬁﬁ@“%IE%F@Féﬁﬁﬂpfé%% %?8@%&6% %EL%?@Brﬁl ?n@uSR t he

i mge projected on the face of the inmge sensor along left-to-right and
t op-t o-ahotiain dinecingns (pEarehtel veo itrlepl Bnghefr theampi xkebtWOL a
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surrounding insulating material, for example silicon
10 oxide, so that there is a total internal reflection at
sidewalls of the light-guides to keep light from exiting.
Alternatively, the light-guides may have a metal coating
on sidewalls to provide the reflection and are filled
with a transparent material, for example silicon oxide or
15 an organic resin or spin-on-glass (SO0G). A pixel may
comprise more than one light guides, one stacked above
another, to form a cascaded light guide. The light guides
at any one height from the substrate are typically at a
given pitch from one another, and share a common
20 horizontal cross-sectional profile at any one given
height from the substrate. Keeping a constant pitch
provides a uniform sampling of the image projected on the

face of the image sensor along left-to-right and top-to-

bottom directions (parallel to the plane of the pixel



array), thus better matched to how pixels are arrayed on displays such as
conputer displays and prints. BRI EF SUVWARY OF THE | NVENTI ON According to
a first aspeoti/sh34the di sclosure, an 5 i nmage sensor conpCciraB®ieofsoscel array
that conprises a plurality of pixels,3where each pixel conprises (a) a
phot oel ectric conversion unit below an insulatjng_ |ayer and bel ow a

pl ural i35EdY ) wi el nattare Hads erbeldeddh R e Asalrat idvg- #4§er Ofand (b)

a light guide enbedded in 10 the insulating |ayer and between the plurality
of wres$itolberyansmidh | aghtotmputher pibtpékect rarcd conversi.on unit, where a
hori zontal spacing between the |ight guides of each pair of consecutive

pi xel s anong five or W@ﬁ?EPié@MM%ﬁ@Igﬁr%ﬁgfﬁ%ﬂ%ﬁ?ﬁ@g'by'Side in a
direction and that ar varies

non- nonotoni cal ly across the_five or nore pixels. The |ight guide may
contain a dy%g%?¥§l@ﬁiﬁﬁ)p?gﬁ%ﬁ§? fﬁ%“%%Yogfpﬁﬁﬁ%ﬁ¥l%ﬁ§ogér§n Gt'yani c
pi gnent or an inorganic pignment or an organonetallic pignment. 20In the
first aspagée, sehhdar desnpablse d hmtp axbor iezordal tipatchobgtwesnst he |i ght
gui des of each pair of consecutive pixels anong the five or nore pixels

vari es n- - i ro i : re.ni lisead t i urt her
dont Pat e IR e YRt Lt gl el sed Lk L

2011/05%%44P /1B2010/ 055049 4 0. 1um or re across tqe five fr nor e
pixel&p @tpg @qulc conversion unit below an 1Insulating layer

and below a plurality of wires that are also embedded in
the insulating layer, and (b) a light guide embedded in

10 the insulating layer and between the plurality of wires
to transmit light to the photoelectric conversion unit,
where a horizontal spacing between the light guides of
each pair of consecutive pixels among five or more pixels
that are arrayed side-by-side in a direction and that are

15 among the plurality of pixels varies non-monotonically
across the five or more pixels. The light guide may
contain a dye or a color pigment. The color pigment may
be an organic pigment or an inorganic pigment or an
organometallic pigment.

20 In the first aspect, it is desirable that a
horizontal pitch between the light guides of each pair of
consecutive pixels among the five or more pixels varies
non-monotonically across the five or more pixels. It 1is

further desirable that the horizontal pitch varies by



further desirable that the horizontal pitch varies by 0.2um or nore across
the five or nore pixels. In the first aspect, the pixel may further

conpri se wWoRorwlsss44f il ter coupled to transmt |ight to trhe/rptoteshectric
conversion unit via the light guide, #here being a gap between the col or

filters of each pair of consecutive, pixels anong the_five or, nore pixels,
the gap’ havi'ngra W 2 ERAE Svariest hoR- REndtO cal K§lacr ds's theSto i ve or

nore pixels. It is desirable that the gap width varies by 0.1um or nore
across Sixtkeen piexelsalai cayeditsitdes byesiderittela ditett vaids bg nore
desirable that the gap width varies by 0.2um or nore across the sixteen

pi xel 5.0 18h2 Lhe ofd i Sta@80ecl wildier plkel oy, fdirphee 1comr i se a col or

filter coupled to transmt light to the photoelectric conversion unit via
the light guide, there being a gap between the color filters of each pair
of consecutive Eh§e¢§léﬁbnﬁgPﬁ€%ﬁiJg“%ﬁph%? B@%@Fggr%hﬁracﬁﬁmﬁébs%i9ch
vari es non-nonotonically across the five or nore pixels, the gap pitch
bei hg achooirzdntlale di stapted(ito acphaneiparlaldlet to the pl ane of the
phot oel ectric conversion units) between each pair of consecutive

center linesah the gaps, |t s fdesifapl ¢ thatntheigap MRye, there
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being a gap between the color filters of each pair of
consecutive pixels among the five or more pixels, the gap
having a width that varies non-monotonically across the

10 five or more pixels. It is desirable that the gap width
varies by 0.lum or more across sixteen pixels arrayed
side-by-side in a direction. It i1s more desirable that
the gap width varies by 0.Z2um or more across the sixteen
pixels.

15 In the first aspect, the pixel may further comprise a
color filter coupled to transmit light to the
photoelectric conversion unit via the light guide, there
being a gap between the color filters of each pair of
consecutive pixels among the five or more pixels, and a

20 gap pitch varies non-monotonically across the five or
more pixels, the gap pitch being a horizontal distance
(in a plane parallel to the plane of the photoelectric
conversion units) between each pair of consecutive

centerlines of the gaps. It is desirable that the gap



pitch varies by 0.1lum or nore across sixteen pixels arrayed side-by-side in
a direction. It is nore desirable that the gap pitch varies by 0.2um or
nore acr o8e 20hessist een pi xel s. 5The gap nmay contai n ai PCONBA10aT5049
Alternatively, the gap may contain a biquid or solid material that has a
refractive index that is at |east 20% | ess than that of the color filter.

It is &sbCedrdti®e that - tHE Gdp HakCacw @ ndt XABFE thaff 05 45um bet ween

the adjacent color 10 filters. It is further desirable that the gap is
t opped ant thyadcenvex-loet bing. it 4 sdstekltifaurt het desnatd ed¢hatabhiere is
at least 0.6umfroma bottomof the color filter to a top of the convex

ceilin C i C : f I ur.e, 15.Lmage sensor
conprigggﬁg gﬁ%eﬁﬁir3%§t§ﬁa?%%€%%$?§%sgé2Eﬁﬁfgf?ﬁ%géfag?%%?%,é%%ere each

pi xel conpri ses gg a photoel ectric conversion unit below an insul ating

| ayer beFowb: %ﬁ%ﬁajity of wires that are al so enbedded in the

i nsul ating layer, and (b) a |ight guide enbedded in 20 the insulating | ayer
andSbet ween Tihe gkoralayt yvofitainesitro ¢r aasoets .| ightetoatheeghot oehectric
conversion unit, where the light guide has a width that varies

non- nD ni.cal | st Y i ; ks, fur r .desirabl e
Chon Lo o eﬂﬁiah? %E{ﬁlég 7 ggm%g%iﬁfa.&ﬂ)%%%ﬂ;&%ﬂ%z%%/ 055049 6

smal ler for a pixel,L anpbng the five or_nore pixels that is confjgured to
detect TTORES Lof SHOTER WaFHl criyths ORPY Tt et f OF SAnGEEY (ph%el O&mong ¢ he

five or nore pixels that is configured to detect |ights of |onger
wavel engtdéscollbr filter. It is also desirable that the gap has a

width not more than 0.45um between the adjacent color

10 filters. It is further desirable that the gap is topped
with a convex ceiling. It is still further desirable that
there i1s at least 0.6um from a bottom of the color filter
to a top of the convex ceiling.

According to a second aspect of the disclosure, an

15 1image sensor comprises a pixel array that comprises a
plurality of pixels, where each pixel comprises (a) a
photoelectric conversion unit below an insulating layer
and below a plurality of wires that are also embedded in
the insulating layer, and (b) a light guide embedded in

20 the insulating layer and between the plurality of wires
to transmit light to the photoelectric conversion unit,
where the light guide has a width that wvaries non-
monotonically across the five or more pixels. It 1is

further desirable that the width of the light guide is



5 1is also further desirable that the width of the light guide is snaller
for a blue pixel than for a red pixel. It is also further desirable that

t he w dt wof2otissisught guide is smaller for a blue pixelpcthazib/esso® green
pixel. It is also further desirable that the width of the light 10 guide is

smaller fo green pixel than for a red pixel. In the above, it is
desi rab?r%aiﬁﬁﬂf rf’gIB?*xP I?@}O%nib??séégf £ COf JPRRE. PTRE ‘ol braht lr?ay be a

dye or a color pignment. The pignment nay be an organic pignment, an inorganic
pi gmentgownf iguarganmredatect [diigitens . o5 Abearttek ngwaved erly this aspégt of t he
di sclosure, it is provided a nmethod for detecting an image usi ng an i mge

sensor. i FBChor oMy § 8500 1( Ak gviang @bl Eahi iy of; Aot ogheal i c

COI’]VGI’SI on units an 1 nsul ati ng Iayer and a p ural i W res that

are enbedded in the 20 i nsul atin b). providin plurality of |ight
gui des enbedaéd IuF Fhe ?n@ﬁﬁ&ﬁ%%%%%? é’%d %%Enwﬁ &I Er Pty % W res

to transmt light to the photoel ectric conversion unit, where a horlzontal
spaﬁingi@eameenﬂdﬁthéghdegMﬂﬁbﬂ&ﬁtbathtmmlwimthonﬁeGMG\&ﬁngels anong
WO 2011/ 055344PCT/ | B2010/ 055049 7 five or nore pixels that are arrayed

o HEhOE uS, LRS! SB2m A racamn dhep bl aldd ool el
It is also further desirable that the width of the light
guide is smaller for a blue pixel than for a green pixel.
It is also further desirable that the width of the light

10 guide is smaller for a green pixel than for a red pixel.

In the above, it 1s desirable that the color filter
comprises a colorant. The colorant may be a dye or a
color pigment. The pigment may be an organic pigment, an
inorganic pigment, or a organometallic pigment.

15 According to a third aspect of the disclosure, it is
provided a method for detecting an image using an image
sensor, the method comprising (a) providing a plurality
of photoelectric conversion units below an insulating
layer and a plurality of wires that are embedded in the

20 insulating layer, (b) providing a plurality of light
guides embedded in the insulating layer and between the
plurality of wires to transmit light to the photoelectric

conversion unit, where a horizontal spacing between the

light guides of each pailr of consecutive pixels among



In the third aspect, it is desirable that the image 5 sensor has any of the
desirable features fromthe first aspect. According to a fourth aspect of

t he di sclweuwng/0ss334i mage sensor conprises a pi xel arraypchaBaengnises a
plurality of pixels, where each pixel 7conprises (a) a 10 photoelectric

conversion unit below an insulating |ayer and below a plurality of wires
that arel 4FsBreMyedied: ¥R1Ehéials 8t i rg HPARsT , Sand —PB) 949 ghtt gui de

enbedded in the insulating | ayer and between the plurality of wires to
transmditéeghtioto drhe phatoelrectamengonver silonrahi ty 5 whietela hori zonta
spaci ng between the |ight guides of each pair of consecutive pixels anong

five OivpygsPinysl tddBtoRsaAITAYLd: Sidebys Si el B ardirectigniand that

are anong the plurality of pixel's alternates between increasing an
decreasing across the five or nore pixels. 20 The light guide nay contain a
dye or a col ot Eh@n%%@?x#h%SE%PSV ﬁﬂgﬁﬁ%tdﬁﬁ§rﬁéﬁéﬁ'g?@EnF@Ebi Pt or an

i norgani c pignent or an organonetal lic pignent. In the fourth aspect,
t hebpi xetneay hardt heery conpitihse e cotablbi Ifteert worpl édotro tthransinrstl i ght to
the WD 2011/ 055344PCT/1B2010/ 055049 8 photoel ectric conversion unit via
the light guide, there being a gap between the color filters of each pair
of consecutive pixels anong the five or nore pixels, the gap having a width
that alternates between increasing and 5 decreasi ng, across the five or nore
pixels. It isCUREPHEN & Iat TPHE “Gap Wdth Varies by 9° 1M 6= mute across
si xteen pixels arrayed side-by-side in a direction. It is nore desirable

t hat thengap wedidvwaroesrbygeld 2umpixel array that comprises a

plurality of pixels, where each pixel comprises (a) a

10 photoelectric conversion unit below an insulating layer
and below a plurality of wires that are also embedded in
the insulating layer, and (b) a light guide embedded in
the insulating layer and between the plurality of wires
to transmit light to the photoelectric conversion unit,

15 where a horizontal spacing between the light guides of
each pair of consecutive pixels among five or more pixels
that are arrayed side-by-side in a direction and that are
among the plurality of pixels alternates between
increasing and decreasing across the five or more pixels.

20 The light guide may contain a dye or a color pigment. The
color pigment may be an organic pigment or an inorganic
pigment or an organometallic pigment.

In the fourth aspect, the pixel may further comprise

a color filter coupled to transmit light to the



or nore across the sixteen pixels. 10ln the fourth aspect, the pixel may
further conprise a color filter coupled to transmt light to the

phot oel ecwoi2e11088348r si on unit via the |ight guide, therechaBngo/essgap
between the color filters of each pais of consecutive pixels anpong the five

or nore pixels, and a 15 gap pitch alternates between increasing and
decr eas? ta@ﬁ§§§ﬂﬁﬁé FPUESEE St e2pi xelVd 2 tHE gapIpitt G5 ngtBeR6r i zont a

di st ance (|n a plane parallel to the plane of the photoel ectric conversion
uni ts) hetmgen eagh lpaiweoh dorsetwiove fdénteerd i méseatcht eaigapst It is
desirable that 20 the gap pitch varies by 0.1lumor nore across Sixteen

pl xel s @(F}ﬁé‘éé@gtﬁ'x%@ PYgSLEe b Ry HKECEIOR dd hSr VLSRN rabhe bag the

varies by "0.2um or nore across the sixteen pixels.

2011/0 344PCT/IBZO 055049 Accordi n a seventh as ct of the
i 5ol oRAELNGnal MEGLLLCRBEE EdinTRRtes BStucan rAJCERas it hles o

plurality of pixels, where each pixel conprises (a) a phot oel ectric
conber slenreastingelcow ansi i atlivg dbayeors andkbebowld plaurality of wires
that are al so enbedded in the insulating |ayer, and (b) a Iight guide

embedded. | Dr%ﬁ%é ns{d @t i ng g@%gxﬂﬁﬁghbééﬁﬁﬁﬂ;Hﬁf plunal idy pf - wires to

transm t t to the photo tric conversion unit, where the |ight guide
has a width that alternates between 10 increa mglt d decrea quﬁacross t he

f|ve(na%%?éspﬁﬂﬁE?eTtPﬂ§gkﬁtﬁEFa&§9r%&ﬁ% W'dth e1Pight

guide is smaller for a pixel anong the five or nore pixels that is
conf i guredi somdetcecte $ighbscoftlshortiee wawvelvengthsvemliy s Han ® o2 uanot her
pi xel anong the five or nore pixels 15 that is configured to detect lights

of | onger M@¥@‘§H¥J§s tﬁel%fyggéﬁu§gp@que3|rable that the width of the
light guide 1s smaller for a blue pixel than for a red pixe

10 In the fourth aspect, the pixel may further comprise
a color filter coupled to transmit light to the
photoelectric conversion unit via the light guide, there
being a gap between the color filters of each pair of
consecutive pixels among the five or more pixels, and a

15 gap pitch alternates between increasing and decreasing
across the five or more pixels, the gap pitch being a
horizontal distance (in a plane parallel to the plane of
the photoelectric conversion units) between each pair of
consecutive centerlines of the gaps. It is desirable that

20 the gap pitch varies by 0.lum or more across sixteen
pixels arrayed side-by-side in a direction. It is more
desirable that the gap pitch varies by 0.2um or more

across the sixteen pixels.



It is also further desirable that the wdth of the light guide is smaller
for a blue pixel than for a green pixel. 20 It is also further desirable

t hat the woabh/ws3sehe |ight guide is smaller for a greemrcpiBBioNiTay for a
red pixel. According to a eighth aspect of the disclosure, it is
provi ded a nmethod for detecting an_i mage using an i nage sensor, the nethod
conprising (BYCPFevidi ng & pFaranitty aw<2§19%0§§§344@@?3ﬁ8§61f@'05@@49 10 of
phot oel ectric conversion units below an insulating |ayer and a plurality of
Wi res tihatgar ecerdieddednpnithe insul atingdraperthéb) cprpriidieng a plurality
of light guides enbedded in the insulating |ayer and between the 5

pl urali i I, m i . ght t t t:rd . cpnyersion unit,
Whore & horiZontal sgabi ag Betwkn th T Ght Gul desrar sach bhif of
consecut.ive gixels annngafive,or nor e pix§]s t hat ,are _arrayed. si de-by-side

in a difRetPehCad thatCareransiy thetpPEla' t37 ot Rikal s D afYEFnat es

bet ween i ncreasing and decreasing across the five or nore pixels. I n
t hebei gttt aspeet ,a inlusadesivr abi evthat tthet rage sensorentiasdaay of t he
desirabl e features fromthe fourth aspect.
the insulating layer, and (b) a light guide embedded in
the insulating layer and between the plurality of wires
to transmit light to the photoelectric conversion unit,
where the light guide has a width that alternates between
10 increasing and decreasing across the five or more pixels.
It is further desirable that the width of the light guide
is smaller for a pixel among the five or more pixels that
is configured to detect lights of shorter wavelengths
only than for another pixel among the five or more pixels
15 that 1is configured to detect lights of longer wavelengths.
It is also further desirable that the width of the light
guide is smaller for a blue pixel than for a red pixel.
It is also further desirable that the width of the light
guide is smaller for a blue pixel than for a green pixel.
20 It is also further desirable that the width of the light
guide is smaller for a green pixel than for a red pixel.
According to a eighth aspect of the disclosure, it is

provided a method for detecting an image using an image

sensor, the method comprising (a) providing a plurality



15 WD 2011/ 055344PCT/ | B2010/ 055049 11 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1A is an illustration show ng a cross-section of four inmage sensor
pi xel s ofwanoanisesitment of the present invention; 5Fi guPeTAB016/05F04%Y

tracing diagran1for the same cross-sewti on of four image sensor pixels of

Fi gure 1A; re 2Ais an jllustration showing a top V|em10f fifteen
plxds;QﬁtﬁhﬁtQﬁQQQ%QlcFP@GN@%E?%%OH@lﬁﬁeQﬁ%ﬁﬁt@ﬁ WEW 01t $ 1t een
pi xel s; 10Figure 3 is an illustration showi ng a cross-section of four inmge

sensor paxelsaoid an @l teahative fenbodepentat are Emgacieled i snahhe
illustration showi ng a cross-section of four inmage sensor pixels of an

2}1;3\; 23:&?’%%%?3 g'ectmﬁeﬂat (0hS Fe, Peshgmde; ) Ipki gure oF i @il I ustration

guides embedded in the insulating layer and between the

5 plurality of wires to transmit light to the photoelectric
conversion unit, where a horizontal spacing between the
light guides of each pair of consecutive pixels among
five or more pixels that are arrayed side-by-side in a
direction and that are among the plurality of pixels

10 alternates between increasing and decreasing across the
five or more pixels.

In the eighth aspect, it is desirable that the image

sensor has any of the desirable features from the fourth

aspect.

15



of four image sensor pixels of an alternative enbodi nent;
schematic of an inage sensor;
t he thi r dwertbodissnat shown in Figure 4.

Figure 6 is a
Figure 7 is a ray tracing diagramfor
WO 2011/ 055344PCTNBBAOAZNE55049 12

Figure 81k is a illustration of a privary-col or Bayer pattern; Fi gure
8B is an illustration of a primry-col or Bayer pattern in 45 degree
rotation; S5Figure 9 is a schematic of a 4? pixel; Figure 10 is a schematic

of a 3?7 pixel.

10

15

Figure 1A is an illustration showing a cross-section
of four image sensor pixels of an embodiment of the

present invention;

Figure 1B is a ray tracing diagram for the same

cross—-section of four image sensor pixels of Figure 1A;

Figure 2A i1s an i1llustration showing a top view of

fifteen pixels within an array;

Figure 2B shows the same top view of fifteen pixels;

Figure 3 1is an illustration showing a cross-section

of four image sensor pixels of an alternative embodiment;

Figure 4 is an illustration showing a cross-section
of four image sensor pixels of an alternative embodiment

that i1is the best mode;

Figure 5 is an illustration showing a cross-section

of four image sensor pixels of an alternative embodiment;

Figure 6 is a schematic of an image sensor;

Figure 7 1s a ray tracing diagram for the third

embodiment shown in Figure 4.

Vo 2%%%‘%*"%%‘45’191%%%%505?%9Dﬁv%r LED DESCRIPTION



Di sclosed is an image sensor that has a pixel array that conprises a
plurality of pixels that each Includes a photoelectric conversion unit.
Each of twe pinsbsi45 includes a |light guide that is enmbeddas2dioosnds

insul ating | ayer and between w res, al2so enbedded in the Insulator |ayer,
to transmit a light to the photoelectric conversion unit. The |ight guide
of a pixel thatUdst8étsdights of SHort@r Ravel eHgttal hayOHave RE el | er
width at 10 its bottom ("bottomw dth") than a |ight guide of another pixel
t hat detectsrhi;ghts of | onger wavel engths only. A vertical centerline at a
bottom of the |light guide may have a | arger distance to that of the |ight
gui de of an adjacent pixel on a lateral side than that of the light 15

gui de of an mdjacenippixel,Qn;:an, QPROsi 16yl atreral, sifde, Acspaci ng; between a
bottom of the Tight guide and a bottomof the |ight guide of an adjacent

pi xel on a lateral sid "bottom spaci ng") may be | arger than that between
t he boﬁ?ﬁﬁ?%FDtﬁélVﬁ%ﬁ%eaﬁﬁﬁer‘ Bf%ﬁftonlof the |ight guide 20 of an

adj acent pixel on an opposite |lateral side. The pixel nmay conprise a col or
filter that conprises a color material. A gap may exist between the col or
filbers of dachupai P dfs si dechypugitdes ppkebs4dmomgiahe plurality of WO
2011/ 055344PCT/ |1 B2010/ 055049 14 pixels. A width of the gap ("gap w dth")
may differ froma pair of side-by-side pixels to another pair of side-by-

si de pixel s.pAgpirbchoofid he gapef=gap: ph¥ch" pragrioss three or nore pixels
arrayed side-by-side in a direction 5 may vary by 15% or |ess. Having one
or nore of the above technical features in an inage sensor, an in
particular a color inage sensor, permts higher |ayout densities of
integrated circuit features (e.g. gate el ectrodes, poly contacts, wires and
di ffusion contacts) under the



10 insulating layer as well as within the insulating |layer. A substrate
supports the photoelectric conversion unit and nmay be a sem conductor
subst r at ewbi2ghitdsy34doped to a first conductivity type, prefraBabbysspsa ype,
and further preferably having a dopi ng concentration between 5el4/cm 15 and
5el15/cm . The substrate 106 may be a p-epi |ayer on a heavily doped

p- substrate having doping concentration in excess of 1el9/cm . For exanpl e,
substrate 106 nay be of siIPééggﬁﬁﬁgd9§é£ﬁgﬁﬂﬂé§§to t he concentration

bet ween 5el14/cm and 5el5/cr[3, such as a conventional p-epi layer 20 on a
heavi |y doped p+ substrate (not shown). Referring to the draw ngs
more particulastyobyd eferamcamagebeaanserguhets lds uat paked @&riayge
sensor 10 conprising an array 12 of pixels 14 connected to a row decoder 20

by a grioupt obor@Hireds sh gg@lu%aZ_@i @ do Fopa x M@ 20431 083344RGT41 B3810/,055049
15 light reader circuit 16 by a output sSignals 18 generated fromthe pixels

14. A li,gh der_.ci it 16. | ' 18 df
oi xel s B KRR ARy T {5 AVEGOYSILL Foh Candl bl | £ CALi 117G ‘Sampl es of the 5

out put signals 18 to generate anal og signal (s) to be provided to an
anabog-tncdigetala dovgktt gnidaDe)h@. i FhemApci@4d convant sinsielakangy
signal (s) to digital inmage data on ADC out put bus 66. |If the inage sensor
10 is a£pber ahoRAe: SLESAr wildess pi xeboabmaydded Nchudes a cohOitor
layer, to transmit a light to the photoelectric
conversion unit. The light guide of a pixel that detects
lights of shorter wavelengths may have a smaller width at
10 dits bottom (“bottom width”) than a light guide of another
pixel that detects lights of longer wavelengths only. A
vertical centerline at a bottom of the light guide may
have a larger distance to that of the light guide of an
adjacent pixel on a lateral side than that of the light
15 guide of an adjacent pixel on an opposite lateral side. A
spacing between a bottom of the light guide and a bottom
of the light guide of an adjacent pixel on a lateral side
(“bottom spacing”) may be larger than that between the
bottom of the light guide and a bottom of the light guide
20 of an adjacent pixel on an opposite lateral side. The
pixel may comprise a color filter that comprises a color

material. A gap may exist between the color filters of

each pair of side-by-side pixels among the plurality of



10 filter array that conprises color filters arrayed in two dinensions in
such a way that there is one color filter for each pixel 14. Fi gure
8A il | ustwates/am4exanpl e of a color filter array that mayib®idospesed over
and as part of the pixel 15 array 12.14Fi gure 8A shows a Bayer primary col or

pattern t conprises a repeated twp-di nensional array of by-t wo
bl ock (M%‘ﬁiﬁ désﬁ@dﬁﬂi1 CHF i oEE ¥ 12‘?1 halp ddfftf%?mgrﬁﬁ‘een
color (G, a red color (R) and a blue color (B). A palr of green col or

filtersaisadispdsedid-layyosddengikaysnal amdtieetwoaby- toid didekbyA pair
of a red color filter and a blue color filter is disposed along the other

di agonad s gbn t r i yry t or filters
are ar féaﬁl%% F%Iéﬂtinzz?g‘b%% g%%l%%S qél“foqﬁf'g%S 498[1%6&%0m left to

right of the page andfromtopto bottomof t he ure 8B
i 11 ust riate8Sal Talt®rhat i ¥& Lentddi ent 6%%@%&@@& it & %ﬁrlf% LSR&WN in

Figure 8A. Inthis 5 variation, the directions in which color filters are
ar r ayednay eveatyatted U5 degr ées aM thavéspecind oot heokef tof ttdre i ghbvand
top-to-bottomdirections as well as with respect to the direction of

bot t om-{0:4, QP af- Lest ARGE. S6aN ShANgel Baar d- pai Bt A% A7 10 o, The

pi xels 14 are 10 arrayed |ikewi se In embodi nent of irage sensor 10 that
uses this color filter array h 9 shoms a schenatlc far an
enbodi rEntobf TRIKETCAAE! FRETHE Xel DAFP&Y 12 YTHE FEReLL 440 neFudes a
phot oel ectric conversion unit 102. By way of exanple, the

integrated circuit features (e.g. gate electrodes, poly

contacts, wires and diffusion contacts) under the

10 insulating layer as well as within the insulating layer.
A substrate supports the photoelectric conversion unit
and may be a semiconductor substrate lightly doped to a
first conductivity type, preferably p-type, and further
preferably having a doping concentration between 5el4/cm’

15 and 5el5/cm’. The substrate 106 may be a p-epi layer on a
heavily doped p-substrate having doping concentration in
excess of lel9/cm’. For example, substrate 106 may be of
silicon doped with boron to the concentration between
5el4/cm’ and 5el15/cm’, such as a conventional p-epi layer

20 on a heavily doped p+ substrate (not shown).

Referring to the drawings more particularly by

reference numbers, Figure 6 illustrates an image sensor
10 comprising an array 12 of pixels 14 connected to a row

decoder 20 by a group of control signals 22 and to a



15 photoel ectric conversion unit 102 nmay be a photodi ode. The photoel ectric
conversion unit 102 may be connected to a reset switch 112 via a transfer
gate 117.wohe1ipissi4eel ectric conversion unit 102 may al secihasmoupised to a
select switch 114 through an output (i5.e. source- 20follower) transistor
116. The transistors 112, 114, 116, 117 may be field effect transrstors

(FETs) .1 1035t 88604 hec +F Rsfer! Qat e il?ur@uéorﬁfﬂe%@élst&% IHERT2FPRe 121. A

gate of the reset switch 112 is connected to a RST(n) line 118. A drain
node offtdre resetoiswetiehla12 Amdyigist WOa2@11/ 055344 PCT/d B20101 655049 17
connected to an IN line 120. A gate of the select switch 114 is connected

to a S tbne %%%;r%aﬁéw gem%dﬁ%@édtﬁgoﬁehﬁe%efw tgh 114 Jras%connect ed to

ne 124 e RST l1ne 118, SEL ine 122, an (n) line 126
may 5 be shared f an entire row of _pixels in the plxel arra
Li kewi S&TtHEM |\°ru ANt 00T 2154 W%g Ligy WS hal ed ol & @ tFP@ col um
of pixels in the pixel array 12. The RST(n) line 118, SEL(n) line 122 and
TF(h) louwept2l sarcexlonnest ed toertdrea t ewadedaders 2Qnand sar ecgpape of the 10
control lines 22. The QUT(m line 124 is connected to the |ight reader 16

and i ng@%\tfiogédt he, V&rﬁtéﬁéhog;: Qﬂ?idl E%éll%onverte@ G ' A Bhoys can

enbodi four adjacent arrayed si de- by-si in a direction

in a pix rray 15 12 of r nsor bstrate 106. Each
pi xel éhg\%n CoRTqides & Shét %%t?‘@n n(\Fe)rs?%ngaﬁllt 2d"0¥<102b t hat

converts photonic energy into electrical charges. For a pixel array 12 that
uses a d@tpirel PArchitectar ussuch. asfshown linmdd gaepas)r ar0 ai 20avari ant
thereof (such as sharing reset switch 112, select switch 114 and out put

transi stof 116, ,anpngs sk bi-pl @cr@'ﬁﬁxé’i photodi Pﬁeﬁ@%u@@% g a&‘éi‘é"r swi tch
117), gate el ectrodes 104a, 104b may each be a gate electrode o
10 filter array that comprises color filters arrayed in two
dimensions in such a way that there is one color filter
for each pixel 14.
Figure 8A illustrates an example of a color filter
array that may be disposed over and as part of the pixel
15 array 12. Figure 8A shows a Bayer primary color pattern
that comprises a repeated two-dimensional array of a two-
by-two block (within dashed line) of color filters each
having one of a green color (G), a red color (R) and a
blue color (B). A pair of green color filters is disposed
20 along one diagonal of the two-by-two block. A pair of a
red color filter and a blue color filter is disposed

along the other diagonal. In this embodiment of the color

filter array, the color filters are arrayed side-by-side



WO 2011/ 055344PCT/ 1 B2010/ 055049 18 different transfer switch 117 to
transfer the charges. Alternatively, for a pixel array 12 that uses a 3?

pi xel ar choteciossxa4(such as shown in Figure 10), gate elpectuBodesssai@4a, 104b
may be gate el ectrodes of different 5i6reset switches 112 to reset the
photoel ectric conversion units 102a, 102b, respectively. The gate el ectrode
104c eyt BB acdat &l et ode Tof i trarsi sE6t Se?Wi hgPa td fh‘@?g% fdnct i on
within the pixel array 12, for exanple a reset switch 112, or a sel ect
swi t ch 14, pagean out put 10 transistor 116. The gate el ectrodes 104a, 104b,
104c and conversion units 102a, 102b are forned on or in the substrate 106.

The gate el aefgodes s204a,1d0dbs 104G, Lher BUOLISIRCIEHSoQQMKRISIOR Uni s

102a, 102b and the substrate 106 nay be covered under a protection |ayer
230 15 that conprises a silicon nitride and that has a thickness between
200 to1¥@%OCQE8§%ﬁ%h%tQﬁeaﬁFG@@d%@%%nlé?eﬁjéﬁbf?ngﬁra@é%Tﬂhkssubstrate 106

fromnetallic ions and noisture. A |layer of insulation |ayer 110 covers the
subst r ater 1861 oW, r eshd 081iare tenbedded iwhitdre dmboakatfing<20s layer 110 and
above gate el ectrodes 104a, 104b, 104c. The wires 108 may be conductive

s SLoOoRELe 8% LBt seOmisial iy bsg e gt epgonnect
compri sing nultiple, interconnecting wires (that may VO ...,
respect to the direction of bottom-to-top-of-the-image
scan (shown in upward-pointing arrow). The pixels 14 are
10 arrayed likewise in an embodiment of image sensor 10 that
uses this color filter array.
Figure 9 shows a schematic for an embodiment of a
pixel 14 of the pixel array 12. The pixel 14 includes a
photoelectric conversion unit 102. By way of example, the
15 photoelectric conversion unit 102 may be a photodiode.
The photoelectric conversion unit 102 may be connected to
a reset switch 112 via a transfer gate 117. The
photoelectric conversion unit 102 may also be coupled to
a select switch 114 through an output (i.e. source-
20 follower) transistor 1llo. The transistors 112, 114, 1llo,
117 may be field effect transistors (FETs). A gate of the
transfer gate 112 is connected to a TF(n) line 121. A

gate of the reset switch 112 is connected to a RST(n)

line 118. A drain node of the reset switch 112 may is



be netallic) and being at a different heights above the gate el ectrodes
104a, 104b, 104c than wires 108. A wire 108 may be connected by neans of a
conduct i weo(suaissas netallic) via that crosses to an i nPETABINECISON re on
an 5 adj acent routing plane at a diff@rent height. Phot oel ectric
conversion units 102a, 102b may be (gai red with | owner %t gui des 316a

316b, ﬁé%%%@?F@éﬁQ“jt%%t 1Yy & 1&ibeltded fn9en€ itsulaei #§ 1SHler S116Can

between the wires 108. The | ower |ight guides 316a, 316b may 10 conprlse a
transmkkd vésmatenricattee. go a SdHI connai tiride SushuaseSinddd, ofhahehas a
hi gher index of refraction than the insulating |ayer 110 (being the

ext ef nal,, MBLer ikajiocif- 914aé%' a0 oxLge AN usert 94 als imier naher ef | ection

bet ween t I'i ght QUIde and the external materia eIp 15 keep I'ight

fromexiting the | ower ui des. rnativel he | ower ht gui de

may be Pf‘ﬂlg?j Wit a“c?an E&rgﬁ %ril;% L?crHjag%(éBt) eglja%é %“3@6) or a
transparent resin of an organic material and may even conprise a col or

mat eri abe (sheheas fanr onganant iare 2€ownofgandixe Jpi ghenther ket ganeast al | i c

pi gment) and have reflective netal coatings on its lateral walls

(reflectsver meLgl; £oating &)ﬁpq)zd 0.5 &f beet 1ldght s jpwards, to. hel p keep |ight
fron1eX|t|ng the Tower 1ight QU|de WO 2011/055344PCT/I82010 055049 20

Upper ui des, 130 be | ocat ed. above | ower ui des,_316; 316b

oyt Gl 66 i Ahar LHE S Ao I e Cants) e b hEeToR 4y gh? o0

3164, 316b or different material (s) The upper |ight guide 130 and the
RST(n) line 118, SEL(n) line 122 and TF(n) line 121 are

connected to the row decoder 20 and are part of the
10 control lines 22. The OUT(m) line 124 is connected to the
light reader 16 and is part of the vertical signal lines

18.

Figure 1A shows an embodiment of four adjacent pixels

14 arrayed side-by-side in a direction in a pixel array

15 12 of a color image sensor 10 on a substrate 106. Each
pixel 14 shown includes a photoelectric conversion unit
102a or 102b that converts photonic energy into
electrical charges. For a pixel array 12 that uses a 4T
pixel architecture (such as shown in Figure 9) or a

20 wvariant thereof (such as sharing reset switch 112, select
switch 114 and output transistor 116 among multiple pairs
of photodiode 102 and transfer switch 117), gate

electrodes 104a, 104b may each be a gate electrode of a



5 lower |ight guide 316a, 316b may be both of the total internal reflection
type, or both of the reflective netal coating type, or one of them may be
of one tywe whidses4sshe ot her one being of the other typercAIBopo/essd4of the
upper light guide 130 is wi der than a8bottom end, where the 10 upper |ight
gui des 130 _neet the |lower |ight guides 316a, 31 6b Color filters 114a,
114b areltb68aced abveStRe apperctight! gai eS0T ThESC S G T 9FFrer 114a,

114b may each conprise a different color material, or colorant, such as 15
a dye(RlaenngaMuEky,iﬁorgaMpix&loagaamﬂﬁzﬂﬂmatphgmaua Emepmabdrfilter
may conprise a resin in which the dye is dissolved or the organic or

| Nor gan £ 91 - QLEANQITEY 8k LhC .0l 0{oph OTR N i, Suspended uher e the resin may

be organlc or conprise a polyner t hat east “an organlc group such

as met et hyl or henyl n exanpl e being silicone) rn tlvely, t he
col or f%i?% ng a5 'ssi vé tenst %?Eoﬁ§§eﬁﬁaﬁf % §resiii con

nitride) haV|ng partlcles of a color WO 2011/055344PCT/I82010/055049 21
pi ghentrd€ecy. santidiorgahle ¢ol aregpegneht sicht@sléconiaxide,varsdbal t or
manganese or zinc or copper pignent, or an organonetallic pignment, or a

conmpl e inC, C i i se hhters 114a,
b R P e Y e O FhP P LR D LDhESTS

hi ghest transnmittance a d a least transmttance of at |least 50% and at nost
10% 1 ESBBADEVEl 17 Hot whsh CHEVE chigt s LA G550 0f S800TME ¢

different function within the pixel array 12, for example
a reset switch 112, or a select switch 114, or an output
10 transistor 116. The gate electrodes 104a, 104b, 104c and
conversion units 102a, 102b are formed on or in the
substrate 106. The gate electrodes 104a, 104b, 104c, the
photoelectric conversion units 102a, 102b and the
substrate 106 may be covered under a protection layer 230
15 that comprises a silicon nitride and that has a thickness
between 200 to 1000 Angstrom. The protection layer 230
insulates the substrate 106 from metallic ions and
moisture. A layer of insulation layer 110 covers the
substrate 106. Wires 108 are embedded in the insulating
20 layer 110 and above gate electrodes 104a, 104b, 104c. The
wires 108 may be conductive interconnect wires that
comprise aluminum or copper. Other interconnect wires
(not shown) may be formed in other routing planes, each

plane comprising multiple interconnecting wires (that may



700nm Alternatively, a ratio between the highest and 10 | east
transmttances shall be nore than 4-to-1. As shown in Figure 1A,

adj acent wol2ori/fss34sers 114a, 114b have gaps bet ween themcT@paod2de, 422b
between the color filters 114a, 114b ®ave w dths of 0.45umor |ess. The

gaps 422a, 422b may be filled with air or a gas. The 15 gaps 422a, 422b may
have a%p@ﬁtéfll(}c@urﬁ‘%@ B?éé‘tgeratbe‘%v@éﬁfﬁ%f@%%j }é%éﬁpt(;sol OY¢| t8Ps. The

gap with the dinmensional |imtations cited above causes light within the
gap to detdi vépted-ddte 1hdaadjlacEnt toOWar tHhdr ewsrand 1108 ber subgequent |y
gui ded by Iight guide(s) to the 20 photoel ectric conversion units 102a or

102b. Thys Lhe %rﬁ&gkﬁ tbes$, Pfnd 4 ght s :;?%@V&uﬁ'ﬂi%e pixeh due to the

i ght passing t penetratlng domn
2011/055344P§T/I82010/055049 22 (;g 422a, 422b éhenceforth glxel | oss") is
e

subst ant§ af Iy 'Feduced. Ci8geChéS St het CoPdr 11 er O 185 ( 3F- 4948) &Rd upper
130 and | ower 316a (or 316b) light guides constitute a 5 "cascaded |ight
gui de" dadatcguitdesltighy paatle gphot ogl édterrien ttongépsitan unit 102a (or
102b) by neans of total internal reflection at interfaces with external
medi a such as the insulator 110. (Alternatively, one or both of the upper

and lower lightrguhdes By RaMecrRb@ln units 102a, 102b may be

paired with lower light guides 316a, 316b, respectively,
that are embedded in the insulating layer 110 and between
the wires 108. The lower light guides 3loa, 316b may

10 comprise a transmissive material, e.g. a silicon nitride
such as Si3N,, that has a higher index of refraction than
the insulating layer 110 (being the external material),
e.g. a silicon oxide, and use total internal reflection
between the light guide and the external material to help

15 keep light from exiting the lower light guides.
Alternatively, the lower light guide may be filled with a
transparent material such as spin-on-glass (S0G) or a
transparent resin of an organic material and may even
comprise a color material (such as an organic or

20 1inorganic pigment or an organometallic pigment) and have
reflective metal coatings on its lateral walls
(reflective metal coating type) to reflect light inwards

to help keep light from exiting the lower light guide.



10 sidewalls to reflect light inwards.) In Figure 1B, a ray tracing
diagram rays a, b, e and f are shown to experience reflections at

si dewal | swof2otinsszel or filters and/or the upper |ight gecdas2aedssbie | ower
light guides. Rays c¢c and d that fall 2nto the w der gap between the 15
color filters of the second and third pixels_are diverted into the col or

filters of tHePSEcORFENFEhIRE PixelsY eBBecCicrdiS . anbOXPr iV St t he

respective photoelectric conversion units. Figure 3 shows an alternative
enbodi menthof guheldamageca) Sérsorardd inaywhicoipit heegapsdX2a; hd22bmbet ween
adj acent color filters are covered under a transparent film 500, and a

support, fi : fyi | Fcbetyeen jacent. - r-4 kght ides..134. The
supportm%%g}%ﬂ( Ss)haf%‘f Fleo%s |ovxe]?%% %1115;50555%%%&/3%?%1%7055049 23

refractive_index than the_upper light guide 130 if the upper |ight guide
130 is %]f%ﬁéetn&t giai’r%¥%@llna(lser°efm”é%t‘il@ etryéel.g%%t celtPfg 510 ¥t Féegap
422a, 422b may be concave with respect to the transparent film500 (i.e.
conbex Bomethlriespgeciutdet Bé cggp)3 btichmay led ngoth afdades shapel The gap
422a, 422b may contain air or a gas. Lights that enter the gap from above,

crossi ng, the gonvex- ceiling, tﬁfge,diefﬁr%%t yper dsc t be Fadj acent @%lt%rl

filters. Figure 4 shows an al native enbodi ment in which the

enbodi nrent in Figure 3 is further nodified.so that the col or filteﬂf 114a,
114b haves 5L BEWENIRE 1 HAE PREI idfe tHem may be of one' type while' e

other one being of the other type. A top end of the upper
light guide 130 is wider than a bottom end, where the
10 upper light guides 130 meet the lower light guides 31l6a,

31l6b.

Color filters 114a, 114b are located above the upper
light guides 130. The color filter 114a, 114b may each
comprise a different color material, or colorant, such as

15 a dye or a organic or inorganic or organometallic
pigment. The color filter may comprise a resin in which
the dye is dissolved or the organic or inorganic or
organometallic color pigment is suspended, where the
resin may be organic or comprise a polymer that has at

20 least an organic group such as methyl, ethyl or phenyl
(an example being silicone). Alternatively, the color
filter may comprise a transmissive inorganic material

(e.g. silicon nitride) having particles of a color



i nwards and the support film 134 has a interfaces wth the color filters'
sidewalls. As in the second enbodi nent, across four pixels fromleft to
right, theobbligapssbet ween consecutive color filters becooeaBwidessp4d hen
narrower, then narrower again. Althowh the gap has different wi dth at

different height within the gap, for conparison between a wi der gap 422b'
and a rfat¥BREF d&p A228", 1RO IO T CeSOt 6 Inga<ite  the Ugap am dt ROt a 20

horizontal level (i.e. one that is parallel to the plane of the
phot oelect dee eonversi bnounies)gdrhate sbirces tdirenghopvhe rcgbogménkt ers and
t he gaps between them as shown in Figure 4. Likew se, for conparison

bet weer, a aWo%?%%%@%?%’ﬁ%ﬁ?%@ L4t hde xpiih%}cjﬂﬁy\@en a pair of

consecutive gap bet ween anot her pair consecutive
gaps, it suffices to neasure at the sane horizontal level. Figure 7 is a
ray tra%?i%rdpé@%ﬁﬁ?)na 1SHEWS &4 t T AF EEL Oy @%fc%lpirgﬁtﬂrta%/rgh%&é‘nt ers
the gap between two color filters 114a, 114b. The convexity of the ceiling
ser¥es 104ldi vehgditthedl f ghtrerdy d@war ds ionevtoft¢ héigoltar Hid fersblA, hei ght
froma bottomof the color filter to a top of an adjacent ceiling shall be

0. 6um Oé%@Hrﬁas_T@ %i@hfé@vk‘%%%s%ﬂz‘%n@%ptafh& 0f Ue%@tt that enters the gap

(below the ceiling and laterally adjacent to the color filter) fromthe

ceilings to be diverged_into the adjagcent color filters. For exanple, the
hei ght 7521 SBAIE 1S nehsari T om | o6t tomBF SEhd i st (from 15 t he

left) color filter 114a to the top of the ceiling 510a between the first
114a andeseeond vEL4b, clobbween wavelengths (in air) of 400nm to

700nm. Alternatively, a ratio between the highest and

10 least transmittances shall be more than 4-to-1.

As shown in Figure 1A, adjacent color filters 1144,
114b have gaps between them. Gaps 422Z2a, 422b between the
color filters 114a, 114b have widths of 0.45um or less.
The gaps 422a, 422b may be filled with air or a gas. The

15 gaps 422a, 422b may have a depth of 0.6um or greater
between the adjacent color filters. The gap with the
dimensional limitations cited above causes light within
the gap to be diverted into the adjacent color filters
and to be subsequently guided by light guide(s) to the

20 photoelectric conversion units 102a or 102b. Thus the
percentage loss of light impinging on the pixel due to

the light passing through and penetrating down below the



filters. Likew se, the height is |labeled H neasuring fromthe bottom of
the second 114b color filter to the top of the ceiling 510b between the
second 11wb 2andssdderd 20114a color filters. Fi gur @C5/1B1vowsssasm
alternative enbodi ment in which the wsper |ight guide 130 is dispensed

wi th, and initead m crol enses 318 are pl aced above the | ower Iigh&lgyides

WO 20119 0B5344PCT/4B2010/ 655649 257 318aXC31610S W t h18 Sanspalr eht

pl anari zation | ayer 320 between the mcrol enses 318 and the |ight guides
316a, Isducdhe m crol enses 318 focus lights into the upper apertures of
the light guides 316a, 316b, which in turn 5 transmt the |lights down to
their respective photoel ectric conversion units 102a, 102b. For a col or

i mage sensoryodBenkbirghtygui des3164,1 316b1 MY GoyWwri sepeoborantis,such as
dyes or an organic or inorganic or organonetallic pignents to give

different . colaors to th 0 Iight i des ,316a, 361b according to the colors
ot he D50 cAnOLdouat of e (el Tarf oy 1HBL 1L Br a0 TS eP pattern
Al ternatively, the gaps 422a, 422b in the enbodi nents shown in Figures 1A,

3, 4 antcasaagecontignt aguidespdrient ¢BiClkisqulidolor sol itd)e medi um as | ong as
the transparent medium has a refractive index that is |ower than the col or

filter Spl@dt@élb%%%ic?o%n{?%&seﬁ%ﬁ{mliﬁitt @thar anspat enb)Med) 4 MRy Be a resin

having a refractive index between 1.4 and 1.5 whereas the color filters 20
conprise particles of silicon nitride having their density adjusted such
that i ts0Fafr 4RI hobx LBECon 195 P Chtgvaces with extéfnal

media such as the insulator 110. (Alternatively, one or
both of the upper and lower light guides may have metal

10 sidewalls to reflect light inwards.) In Figure 1B, a ray
tracing diagram, rays a, b, e and f are shown to
experience reflections at sidewalls of the color filters
and/or the upper light guides and the lower light guides.
Rays ¢ and d that fall into the wider gap between the

15 color filters of the second and third pixels are diverted
into the color filters of the second and third pixels
respectively and arrive at the respective photoelectric

conversion units.

Figure 3 shows an alternative embodiment of the image
20 sensor 10 in which the gaps 422a, 422b between adjacent
color filters are covered under a transparent film 500,
and a support film 134 fills in between adjacent upper

light guides 134. The support film 134 shall have a lower



WO 2011/ 055344PCT/ 1 B2010/ 055049 26 A light guide enbedded in the

i nsul ator | ayer 110 and between wires 108 to transmt |lights of shorter
wavel engtwe 20nlogs3ay have a smaller width at its bottompCThBiai@nisessdt h")
than another light guide to transmt B |ights of |onger wavel engt hs,
regardl ess of whether the |ight guide uses total internal reflection to
keep |ilght T RFEMVEXI1THGX of Ndsed et APPesatlii ord Pt SCsildéhal T stRRef erri ng
to Figure 1A «color filters 114a may be blue color filters that have higher
transmupaaces ibort 19u wdeel 8igtiss o i ahe hethweleni A08mamatlo SO0hactham f or

ot her wavel engt hs (hence their pixels are blue pixels), and color filters

114b may,be gheer o0l 0y Ehbt &S thfiathave belters brapsm tdances Lok

mavelen§¥ s in air between 500nmto %%gnn1than for other mavefengths (hence
their 15 pjxels are green pixels). Accordingly, @Qe | ower |ight guides 316a
(for tHEIBRUESHIPE 's) P hat'et rifdnit 2 brPié |filgLH%/s5 s (& -SmalTETVBBL t om wi dt h
W of its bottom 318a than the bottomw dth Erb of a bottom 318b of the

| ower lwghh geisgesst316b (her ode greeh pisxélssing hat &r awsm -t sR28pgr.een
lights only (I Ar < TAU. Generally, the lower light guides 316a is narrower

than t o] Il gub des nat:i , 5 C rfril shown
in FigE@g£I§SEaf%%§?egggglg%%$i?éﬁéﬁ?hg?lﬁg%% %i%%gf Ef§%§%$t%§%2es for

wavel engths in_air between 600nm and 700nm t han for other .
V02011/055344PEF/ 1982010F 055649 Ve, Crossing the convex ceiling,

are diverged towards the adjacent color filters.

Figure 4 shows an alternative embodiment in which the

10 embodiment in Figure 3 1s further modified so that the
color filters 114a, 114b have sidewalls that incline
inwards and the support film 134 has a interfaces with
the color filters’ sidewalls. As in the second
embodiment, across four pixels from left to right, the

15 gap between consecutive color filters becomes wider, then
narrower, then narrower again. Although the gap has
different width at different height within the gap, for
comparison between a wider gap 422b’ and a narrower gap
422a’, it suffices to measure the gap width at a

20 horizontal level (i.e. one that is parallel to the plane
of the photoelectric conversion units) that slices
through the color filters and the gaps between them, as

shown in Figure 4. Likewise, for comparison between a



27 wavel engths (hence their pixels are red pixels). Aternatively, color
filters 114a may be green color filters whereas color filters 114b being
red col orwbi2btierssi445Fi gure | A al so shows that the bottomcwEithovENI%eS

non- nonot oni cal Iy across pixels that 2are arrayed side-by- side in a
direction. In Figure 1A fromleft to _right, the sequence of bottom w dth

i sWa, Wldehpnerd W REVRCCexRi BidihgCh §egFGTcet b SvarPat iBH of {i ncrease
10 decrease, increase)-. In an alternative enbodinent, a different sequence
of variradroowet tche: dotbemwaicdt lenstipessichlie whi | echeieng: thione myapteni c,

i.e. an increase in the bottomw dth is followed by a decrease and further

[

fol I oved, by, apothe {fchease.And ofnd deqiease i soh3chollaned by an

i ncrease an Grther fol I owed by anot her decrease. In particular, the

sequence, of variation ma Ee a nhon-npnot oni ¢ _sequence that is, rgeeat ed. For
|

exanpl & 1 ¥RECVdr i'at ion" ¥ Bottom Wi dt A9MmaY' ol owP AOH4t tern Bf CEFRcHease,

no change, decrease, increase, decrease} that 20 is repeated. I n
Fi gbre dfA acoliohtf itdertidda amyebe ahbl gecdortwéeht ewcant Borower |1 ght
gui de 316a has a bottomwi dth W at its bottom Further to the right in

Figure 4 +gobor 1 MO 2011£,058344RCT/,B2010/ 035049- ceiling serves
to diverge the light ray towards one of the color
filters. A height from a bottom of the color filter to a
top of an adjacent ceiling shall be 0.6um or more. This

10 provides enough depth for light that enters the gap
(below the ceiling and laterally adjacent to the color
filter) from the ceilings to be diverged into the
adjacent color filters. For example, the height is
labeled H,, measuring from the bottom of the first (from

15 the left) color filter 114a to the top of the ceiling
510a between the first 114a and second 114b color
filters. Likewise, the height is labeled H,, measuring
from the bottom of the second 114b color filter to the
top of the ceiling 510b between the second 114b and third

20 114a color filters.

Figure 5 shows an alternative embodiment in which the
upper light guide 130 is dispensed with, and instead

microlenses 318 are placed above the lower light guides



28 filter 114b nmay be a green color filter and a |ower |ight guide 316b has
a bottomwidth Woat its bottom where the bottomwidth W is |arger than

t he bottowowndidssida (W < WO For a |lower |ight guide embeddzdonssoidhe
insulating 5 |ayer 110 to transmt |ixghts of mavelengths up to 500nm its
bott om w IS €$referabl bet ween 0.2umto O 35un£ nor e prefer? ly 0.27um
+/ - 109%°* %r a L1%wer"} Fghe 6%@ﬂ§ﬁ%ﬁ?95n§%qnqﬁb%@ LRAVI éfengt hs up
to 600nm its bottomw dth should preferably be between 0 25umto 0.4um 10
nor e priefewabhy thid hiinc o 38umeld -318%nEortree | oight| bghtdegui glecte transm t
i ghts having mavelengths up to 700nm its bottomw dth should preferably

be bet weps, 0. 3um t @r%ﬂ@hs%%r%lpé ef@%ﬁ@' Y N Ny Qedumpt -, #’e@ Havi ng

smal | er mndths at ottom permts higher packing 15 densities of
integrated circuit f uch a el ec des 104a, 104b and 104c,
pol ysi |3¢ehtE6Rtact’s g%% ﬁﬁﬂ' %%%t§§@§% d%ﬁg?'twgli utat bBRT110. The
gaps 422a, 422b may have the mndth of gap between the color filters of

si dé- byt sadempitxellse (I gaptwi didwr) 20 vaAey moresmoaotaniecal |y anong
t hensel ves. Across a first, a second and a third pixels, arrayed

side-Db §698e&%c&ﬂ!%:O&QHQer%lﬁng'ﬁﬁf%boﬂﬂu&$e E@Eb”a éH?e¥‘98io?etmee“ the
first and the second pi xel s than between the second
image sensor, the light guides 316a, 316b may comprise
colorants such as dyes or an organic or inorganic or
organometallic pigments to give different colors to the
10 1light guides 316a, 361lb according to the colors of the

color pattern of the pixel array 12, for example the

Bayer pattern.

Alternatively, the gaps 422a, 422b in the embodiments

shown in Figures 1A, 3, 4 and 5 may contain a transparent

15 (liquid or solid) medium as long as the transparent
medium has a refractive index that is lower than the
color filters by at least 20%. For example, the
transparent medium may be a resin having a refractive
index between 1.4 and 1.5 whereas the color filters

20 comprise particles of silicon nitride having their
density adjusted such that its refractive index becomes

1.7 or above.



WO 2011/ 055344PCT/ 1 B2010/ 055049 29 the third pixels. For exanple, Figure 1A
shows two different gap widths V, Vh between four adjacent pixels arrayed
si de- by- swdeoimsss4parti cul ar direction. A distance P (" gap/ipiaiehispsdbet ween
centerlines of 5 consecutive gaps 422a, 422b nmay be nmaintained essentially
constant (i.e. within 5%of its maxjnmal value) across five or nore pixels

arrayed si de? bylSide G & RFREEFGH whi | B Ehe Gal an of hl¢dFires 10 and

non- nonotonically. Alternatively, the gap pitch P may be all owed non- 10
nonot orvet vaenatdiore havd Agta med mum todiomitaune i fhererce of at nost 20%
of its maxi mum val ue across a predeterm ned nunber of pixels arrayed

si de- by sy dechRindidectinay Theoredekentidied, nyrher cmay bepbess,t han 16,

nore prefera not nor More particu y, the 15 gap pitch P may

alternatel y increase and decrease across pixels arrayed in a direction. The
Gap it EIPPERRP JAGElby) ab et I OF Tum ior ¢ pf &F orabl'y 02Ut for an

average pixel pitch of lum Letting the gap pitch P vary non-nonotonically
i n éonjunghtenodi tlhortdier bettvermhespachag 2@gcordimse géneradtilyem hoei zont al
spaci ng between consecutive |lower |ight guides) gives the |ower I|ight

gui des fpgey f eadom oo pl ace iherpel yes ) mote apti mohl yauide, retabni ng good
capturing of light. In this way, a W) 2011/ 055344PCT/1B2010/ 055049 30

e kOl i o, ShLLL Lo e oL 02 L ormke Lhe S3%ig pD L ol e
accommpdat e an additional integrated circuit feature such as a gate
Referring to Figure 1A, color filters 114a may be blue
color filters that have higher transmittances for
10 wavelengths in air between 400nm to 500nm than for other
wavelengths (hence their pixels are blue pixels), and
color filters 114b may be green color filters that have
better transmittances for wavelengths in air between
500nm to 600nm than for other wavelengths (hence their
15 pixels are green pixels). Accordingly, the lower light
guides 3106a (for the blue pixels) that transmit blue
lights has a smaller bottom width W, of its bottom 318a
than the bottom width W, of a bottom 318b of the lower
light guides 316b (for the green pixels) that transmit
20 green lights only (W, < Wy). Generally, the lower light
guides 31o0a 1is narrower than the lower light guides 316Db.
Alternatively, color filters 114b shown in Figure 1A may

be red color filters that have higher transmittances for

wavelengths in air between 600nm and 700nm than for other



5 electrode or a diffusion contact, thus helping to support a denser pixel
array. A distance between vertical centerlines of consecutive |ower |ight
gui des ("Wwotwomspi4sch™) in a vertical cross section acr @s3/1B2u&0TH0490r €

pi xel s arrayed 10 side-by-side in a particular direction nmay have a non-
nonot oni ¢ vari ation. For exanple, Figure | A shows two different bottom
p|tche§”@Ve%ﬁn85¥Vbeﬁh%%??|EQﬁ”&édf%??ﬂﬁe@lﬁéﬁﬁﬁﬁ Hs*@ert)ical dashed |ines
in Figure 1A) of three lower |ight guides 316a, 316b on the left. The 15

| ar ger hbteomepiitvel K. tslbel dw tthertail gérn gapy ibdt hreerofcgbpr422b,
whereas the smaller bottompitch X is belowthe smaller gap width v, of

first gap 422a. the d akger1bot ﬁr@t%%hl%tﬁﬂ‘%é’fn%} r%%lcclb’H@Sj.ﬁte for e

integrated circuit features un e insulating Fayer 110 than the snaller
20 bot%g EItCh X. does. As Figure 1A shows, the bottom spacing S
bet ween® t heSfirst pi xel (counting fromthe left) and t he second pixel is
sane as the bottom spacing S, between the third pixel WO
2011/ 055344PCT/ 1 B2010/ 055049 31 and the fourth pixel, and is snaller than
t heSbot t om spagiing SA betswenhbthe seévondtlaadbohitran pixeéts. vEhe . dar ger
bott om spaci ng Sb between the second and third pixel s accormpdates nore
integrated-ghhewidn feat upegynder thee1s that are arrayed side-by-

side in a direction. In Figure 1A, from left to right,

the sequence of bottom width is W.,, W,, W.,, W,, where W, <

Wy, exhibiting a sequence of variation of {increase,

10 decrease, increase}. In an alternative embodiment, a
different sequence of variation of the bottom width is
possible while being non-monotonic, i.e. an increase in
the bottom width is followed by a decrease and further
followed by another increase, and/or a decrease is

15 followed by an increase and further followed by another
decrease. In particular, the sequence of variation may be
a non-monotonic sequence that i1s repeated. For example,
the variation of bottom width may follow a pattern of

{increase, no change, decrease, increase, decrease} that

20 1s repeated.

In Figure 1A, color filter 114a may be a blue color
filter and a lower light guide 316a has a bottom width W,

at its bottom. Further to the right in Figure 1A, color



5 insul ator or above and adjacent to the substrate 106, such features

i ncluding gate el ectrodes (such as gate el ectrodes 104b, 104c as shown in

Fi gure 1Ayo 2pologsidki con contact (not shown), diffusion eomtBzmo/(sso19 shown),
and wires. Conventional pixel array, 28 th uniform spacing 10 between |ight

gui des, _woul d have to have all spacin%s as wwde as Si., even though such
wi der shattfg i'd Pothdéedled ottt thHeCf rist! & 8BEord pi'ker st nof thet ween

the third and fourth pixels, resulting in a problem of having | ess than
opti malgypidel 3deémsiltys 4A5Bodgurcen 2A dshaWt optviiew |lookiog, dowerat the pi xel
array 12 from above, showng fifteen pixels 14 in three rows and five

col um e fi ,77.Secon t hi e di : i X acray 12
wher e g?giFéﬂaﬂ§§§%£ﬁb§L s?%gggiLE4§§iﬂP§e FE?%?$?gh§g§n§ktgg%tg-bottom
20 directions. Centerlines of the gaps are drawn in thick, gray |ines

bet weerl'"dach parr Gof Yfe-byI8tde 'C(%%mb?ﬁée% ed! BtlF%pF-8§gH{%tJan@op

surface area of the upper |light guide 130 and the area C represents a
bot bom suyface lar eao W 200I/M0553MAPETHIFBRGLOF 055948 s32oft ¢ heODower | i ght
gui de 316a, 316b. The area A minus the area Bis the area of the gap 422a,

422b betyeen ¢olor Jikigrss ;@ﬁeé&fa}fa?gr %%@c'%&éeﬁ i xel area  Fhgyre 2A
shows four different pairs of areas B and C. Bl and Cl, 5 132 and C2, B3
and C3, and B4 d The four , di rent_pairs_are repeated in a regular
pat t er {1OTE pre%%ré%&y B.E%um +/= {6%. rdi & 5180E %é%t guide 9
to transmit lights having wavelengths up to 600nm, its
bottom width should preferably be between 0.25um to 0.4um,
10 more preferably within 0.33um +/- 10%. For a lower light
guide to transmit lights having wavelengths up to 700nm,
its bottom width should preferably be between 0.3um to
0.5um, more preferably within 0.4um +/- 10%. Having
smaller widths at the bottom permits higher packing
15 densities of integrated circuit features (such as gate

electrodes 104a, 104b and 104c, polysilicon contacts and

diffusion contacts) under the insulator 110.

The gaps 422a, 422b may have the width of gap between
the color filters of side-by-side pixels (“gap width”)
20 wvary non-monotonically among themselves. Across a first,
a second and a third pixels, arrayed side-by-side in this
order in a direction, the gap may be wider between the

first and the second pixels than between the second and



Figure 1A can be seen as a vertical section of the first to fourth pixels,
counting fromthe left, of the mddle rowin Figure 2A. In this context, va
= t3, vh wotd11/588a = 52, and Sb = S$4- As Fi gure PATARDME)SSHIEe gaps
between color filters of side-by-sidedpixels have widths tl, t2, t24, t4,
ul, u2, u2 and u, that_ are_repeated. Along any left-to-right or

t opt 0- bt oft et ith- % ar e F2A, Q4%@@%%'wﬁgﬂﬂ¥%11%osh@W% 15 to u4 are
vari ed anong thensel ves while the pitch P froma centerline of a first gap
to a ceht &fbirpetofgdewnaxhsf ivi,st Vgaperterme msf canstahtacdhe gameaedisdt h

vari es across plural pixels arrayed side-by-side in a direction

per pendi tQ .t cwhi ch, i i - IS lkeft 20 to right (or
fron1rg%i%éggdl%ﬁﬁgﬁéﬁmglg%pqghE?Hgéggéﬁézééi%%%g?gé%g'bmn in the top

vi ew | ooki ng down at the pixel array in Figure 2A) of a pixel or is from
top to botto or frombottomto t. for _a gap above, or _bel ow (again, WO
2071/ 055944 P B0 0T 055045088 B Wiiun Pac AR ot vt S ra6R b down at
the pixel array in Figure 2A) a pixel. The variation is non-nonotonic, i.e.
an bncreaseeis tfiold oyeds by 2a adect Ealsentvatod ma unhaiiseffold ssentbaldyot her

i ncrease, and/or a decrease is 5 followed by an increase further followed
by anotdersdgpiease.c Fogiexampls ép 1he wRkiwa {haIwd)efdctoski ght, the
gap width varies in a sequence of t2, U t2f t1, where t2 <t-, which
exhibits, a sequence of ,variation in the pq_tefn.gf ﬁincre se, decrease,
increaéé?Yeiﬁ t R ddt8°16 Fov 2% Lequeic® Br° 13 7 3, T4 Cihdle to < t*
whi ch exhibits a sequence of variation in the pattern of {increase,

decr ease) 1l actéase}gp anddthe visotiteom now, modame. segqoaende .as the top row. Mre
particularly, the gap width alternates between w der gap w dt hs and
narrower gap 15 wi dths across side-by-side pixels arrayed in a direction.

Al t hough in erebrakttiRese; f wensegugngesteh gapiaw didisa 1t beevari@iion of gap
width is showmn to alternate between increasing and decreasing, in an

alﬁernative enbaodi_nment g.difﬁﬁrent sequence of varjati.on of the gap w dth
is monotdonic variation aving a maximum-to-mIiInimum

difference of at most 20% of its maximum value across a
predetermined number of pixels arrayed side-by-side in a
direction. The predetermined number may be less than 1lo,
more preferably not more than 8. More particularly, the
15 gap pitch P may alternately increase and decrease across
pixels arrayed in a direction. The gap pitch P may vary
by as much as 0.lum, more preferably 0.2um, for an
average pixel pitch of lum. Letting the gap pitch P vary
non-monotonically in conjunction with the bottom spacing
20 (or more generally a horizontal spacing between
consecutive lower light guides) gives the lower 1light
guides more freedom to place themselves more optimally

while retaining good capturing of light. In this way, a



20 possible as long as it is non-nonotonic. In particular, the sequence of
variation may be a non-nonotoni c sequence that is repeated. For exanple,

t he vari avoaniiafssgap wi dth may follow a pattern of {increagBoiunsshanged,
decrease, increase, decrease} that ismrepeated WO

2011/ 055344PCT/.1 B2010/ 055049 34 gure 2A al so shows that, |ikew se,

t he bot%%%?épéé@ﬁ@id%%l@§r§aébﬁgékfbligl§nﬁhé%l%?et8rﬁg§%% ie- byside in a
direction. For exanple, inthe mddle row, fromleft to right, the sequence
of bottomspagi ng ahes nat eeb reet mweears@hand sds kivhgr e hsH spsdjngxhinbi ti ng
a sequence of variation of {increase, decrease i ncrease}. Mre

par ti culge | yppkfae hotL pELSACIANG &4 EpNates DNELURRBALILOY, Spaci ng and

smal | er spacpﬁg across pixels arraye e- by- s e In adrection.

Conventi onal sensor i xel array that uses |ight guides places the
l'i ght gﬁ$ e§18ﬁ¥# r%ﬁ@eﬂFéﬁﬁégéHL??%h¥e @ﬁieFﬁ%rsu?ﬁugsléidﬁ%B?e to utilize
a smal |l space between |ight guide too small to accommodate an integrated

ci r éui tefeaturelesuch asdafdatse el ectnodet , THehesbodil pemtg showeuppokitgure 2A
is 15 able to bring the two |light guides on the left of the second row
closer 1o4gach,0 e&aﬁngrggzo the next two light guides of the second row
closer to each o In order to create a wder space in the mddle (i

bet ween the second and third |ight QUIdeS) so that an additional 20 gate

| ectrode 104 fit Co t I t i f [
betvoen |1 ght Gbr 088 Suith 4 RaVe V5 Mave aF E4Ra0 HURS bRFng wi der oven |

t hough the wider spacing is only needed between certain pairs of laterally
adj acentohpghtitguicdesowen andaltt eynmateve (Esoiomnpitaly’) W a
2011/ 055344PCT/ |1 B2010/ 055049
vertical cross section across five or more pixels arrayed
10 side-by-side in a particular direction may have a non-
monotonic variation. For example, Figure 1A shows two
different bottom pitches X,, X, between vertical
centerlines (shown as vertical dashed lines in Figure 1A)
of three lower light guides 316a, 316b on the left. The
15 larger bottom pitch X, is below the larger gap width v, of
gap 422b, whereas the smaller bottom pitch X, is below the
smaller gap width v, of first gap 422a. The larger bottom
pitch X, helps to accommodate more integrated circuit

features under the insulating layer 110 than the smaller

20 bottom pitch X, does.

As Figure 1A shows, the bottom spacing S, between the
first pixel (counting from the left) and the second pixel

is same as the bottom spacing S, between the third pixel



35 sequence of variation of bottom spacing is possible as |long as the
sequence of variation is non-nonotonic, i.e. an increase in the bottom
spaci ng iwofollssed by a decrease and further foll owed lpgTaRmtbvessodncr ease,
and/or 5 a decrease is foll owed by amili ncrease and further foll ov\ed by
anot her decrease. arti cul ar, the se%uence of var| ation ma

non- norditont EeséﬁUEh PhEF VSE¥E%eh?e8 aﬁ&ﬁ”éﬂ&%ﬁpe DEné %tlon of

bottom spacing may follow a pattern of {increase, increase, decrease, 10
i ncr easeyadeapeasebetthaten sthepeatcechd and tRigur eo 2Ae Abkso T$howsathatr t he
bottom wi dth varies non-nonotonically fromleft to right in the second row

in a battomu %g%%weeceoe{wg\én WL Vibo £ o Mbr a%r&%geg%el hibiting a

variation patte i ncrease, decrease, 15 increase reaset, which is
non-nonotonic. In particular, for thg four E ixels in the top two rows and
t

| ef t mostCEWBREEGITS, NP ESi S SHGIHT t RAt CLRE Wt t bRE-WHEEE (5 Sl F88t for the

bott om area C3, Iargest for the bottomarea Cl, and internediate for the
bot bomareasaC? rand Gb20el anah ambadementt ovhigre the spriater y: €6} or Bayer
pattern is used for the color filters over the pixel array 12, the pixels

that have-thechetfom afﬁé?tu@% dg&@e”@ie%%ﬁ&?egrgéﬂc@fxa% aLBe pixel

that has the bottomarea Cl WO 2011/ 055344 CT/IBZOlO 055049
electrodes 104b, 104c as shown in Figure 1A), polysilicon
contact (not shown), diffusion contact (not shown), and
wires. Conventional pixel array, with uniform spacing

10 Dbetween light guides, would have to have all spacings as

wide as S, even though such wider spacing is not needed
between the first and second pixels nor between the third

and fourth pixels, resulting in a problem of having less

than optimal pixel density.

15 Figure Z2A is a top view looking down at the pixel
array 12 from above, showing fifteen pixels 14 in three
rows and five columns of the first, second and third
embodiments of the pixel array 12 where pixels are
arranged side-by-side in left-to-right and top-to-bottom

20 directions. Centerlines of the gaps are drawn in thick,
gray lines between each pair of side-by-side pixels. The
area B represents a top surface area of the upper light

guide 130 and the area C represents a bottom surface area



36 the red pixel, and the pixel that has the bottomarea C3 nmay be the blue
pixel. In a direction in which alternate pixels alternate between two

di fferentwoabowss34sthe wi dth of the | ower |ight guides sirouhB2m0/08s0ar |y
alternate so 5 that the lower Iight gi2ides and their spacings are of the

optinmum size for guiding the light to be _detected whilst al so, optimzing
the spdte FOF #ﬁW@ﬁ?é%éﬂhEiBéﬂﬁgef%%gﬁre§ﬁiﬁ%us,Thﬁ fRicS dxdiplESwher e

bottom areas C3 corresponds to blue pixels and bottom areas C corresponds
to greerndOapexelss,id nthbheagsecond: roe wher elddnf hé2bef toatoreeéght direction
alternate pixels alternate between blue and green pixels, the wdth of

l'i ght gui r e Qptd m ccor.di It | en r widths
(for queggﬁxgﬁs aﬁ%’mfggfevfhﬁﬁéﬁg%%?ngfégﬁq%%ég?)?%%%gingﬁggﬁg%gce
bet ween_ the_ |ight_qguides for Iqe_%/i]g .integrated circuit features such as

! R

gate el<ttPBaA¥S dritteontadese §€6, 9T 3Hefi Fstfou; * whér e 284 érmat e

pi xel s alternate between green and red pixels, the wdth of Iight guides
al t ér nat e dbedf ween Raraowet - w dhhls B.f ancgrieen 2hesxelfshramd W eeenw dt hs
(for red pixels). More general ly, for purposes of conparing w dths of

the |i : gui des, enhedded i nf he insyhatingdayer 110 and of conparing
horizo%?%} spaci ngs bet ween gﬁirsegﬁ WO 2011/ 055344PCT/ | B2010/ 055049 37

consecutives ones anong these |ight guides, the wi dths and hori zont al
spaci ngs may_be neasyred at. a horizontal |evel (i.e. ope that_i aral |l el
b the pl and b7 Fo Lihgrtol et PRE e hya oY B LS S Ber agbn the-Hare 5

el ectrode 104a, 104b and the wires 108. Wthin this range of heights, the
hori zontatsspaci Mpymand henee s,hecaidt hnoi < rwh eviaat Leffor, iaf afhects how
densely the integrated circuit features in and/or under the insulating
llayer Id0qgaB beupacked; foget her, sychniint eyated:cifcukt (featurest,

10 S, = s3, and S, = sg,.

As Figure 2A shows, the gaps between color filters of
side-by-side pixels have widths t., t,, ts, tis, u:, u, us
and u, that are repeated. Along any left-to-right or top-
to-bottom cut in Figure 2A, the gap widths t; to t, or u

15 to u, are varied among themselves while the pitch P from a
centerline of a first gap to a centerline of the next
first gap remains constant. The gap width varies across
plural pixels arrayed side-by-side in a direction
perpendicular to the gap, which in Figure 2A is from left

20 to right (or from right to left) for a gap on the left or
right (as shown in the top view looking down at the pixel
array 1in Figure 2A) of a pixel or is from top to bottom

(or from bottom to top) for a gap above or below (again,



10 including gate el ectrodes, polysilicon routing wire (not shown),
polysilicon contact (not shown), diffusion contact (not shown), and netal
wi res. Thwe 2bhowiszzaat al spaci ng shoul d be vari ed non- nonetenBzab/bh3so&cr oss
five or nore pixels arrayed side-by-si3dde in a direction, as shown 15 in
Figure 1A, to permt a light guide to shift to one side to occupy a smal
space tdo SHANMP t'd ddednhbdatd Sh 7P Egrat &P rehi t fedtiutel se tRAt nore
space i s aggregated on the other side to becone |arge enough to accomobdat e
an integnaféducier Ait fepfurd.. Prret evabliyt izt t hs snoorotcordtcoh ycexhi bits
itself across eight or fewer pixels arrayed side-by-side in a direction.
Furt her; peef grably dlibs FANGLONi gLy BYNLDidse e dLE! erence; of (0 -pum or
Iarger’betmeen the wi dest and the narrowest horizontal spacings 6etmeen
consecutive |ight guides WD 2011/055344PCT/1B2010/ 055049 38 across the

ei ght d%sfgﬁé %ﬁE%gH§Y %PPFPGFUHﬂH%¥eB?@ﬁeﬁ%&ﬁ?,rtﬁed§§ﬁﬁ€F€ﬁcéSis 0. 2um or
|arger. Making this width of the Iight guide as snmall as possible (w thout
i npédi nigo 1 hewtramsm asi oncakadeghfy r cohatr ifflout leswddt b ywiaderimgrt he

hori zontal spacing, thus benefiting denser packing of integrated circuit

featur es,in-aad under Ehericnsul af hnglayer, 110,anddspset sacki ngs g obi xel s

in the pixel array 12. Preferably, this width i$ varied non-nonotonically

across five or nor i xels array 10 side-by-side in a direction as shown in
Figure X6t 8oPakl Hdvaht 498 Sofi 1 e FROESTRAR Thi & wi th can be SHaPTer for

a light guide that transmts lights of shorter wavel engths only than for a
light gui de thatwhrahsexts dights ebduenger wavebengtthson Fon ahle ght gui de
enbedded
pattern of {increase, decrease, increase}; in the middle
10 row, a sequence of tj, t,, ts;, ts,, where t; < t,, which
exhibits a sequence of variation in the pattern of
{increase, decrease, increase}; and the bottom row, same
sequence as the top row. More particularly, the gap width
alternates between wider gap widths and narrower gap
15 widths across side-by-side pixels arrayed in a direction.
Although in each of these two sequences of gap widths,
the variation of gap width is shown to alternate between
increasing and decreasing, in an alternative embodiment a
different sequence of variation of the gap width is
20 possible as long as it is non-monotonic. In particular,
the sequence of variation may be a non-monotonic sequence
that i1s repeated. For example, the variation of gap width

may follow a pattern of {increase, unchanged, decrease,

increase, decrease} that is repeated.



15 in the insulating |ayer 110 to transmt |ights of wavel engths-in-air
between up to 500nm this width is preferably between 0. 2umto 0.35um nore
pr ef er ablwoQof7osm344/ - 10% For a |ight guide to transm tcChritghteoisaw ng
wavel engths-in-air up to 600nm this 34 dth should 20 preferably be between

0.25umto 0.4um nore preferably within 0, 33um+/- 10% for a |ight guide
to transnit T19REE Kavidng haveP¥RgttHsln- af Felg %% 700RNPOEHE wi dt h shoul d

preferably be between 0.3umto 0.5um nore preferably within 0.4um +/- 10%
WO 201181986344 PCH B2010/ 85504% 391 Nehsmumattord cal by reared ngi ddeblyer i zont al
spaci ng between consecutive |light guides at a horizontal level (i.e. one

that is;pacaihel (o tdiec Phane ofi Lhg.pROLOCLEFIEE FORNAISIAR, UNkLR),
between a wire 108 and a 5 gate el ectrode 104a (or in particular the bottom

spacin nd/ or a horizontal pitch bet n |ight guides at. a hei ght between
a wi re%bgtaﬁa & 'ghtle ef8et ﬁ@@élema,oﬁnﬁoasﬁ%,s BF W Fart$EUPar the

bottom pitch) permts a light guide to shift to one side to occupy a snal
spate Ifetwecanall athal accomiodat esan<i at pgeahed idiioyi & Eeatuwrecsoof hat
nore space i s aggregated on the other side to becone | arge enough to

accommdaf e, an Jntegr at gd, cLrcu tdé@f‘é%%%‘, This-canche seen.in Figure 1A

where an 1 ncreased horizontal spacing between consecutive |ight guides at
15 any horj zon | evel . (i one that .is parallel to ane of the

al i,e. he pl
photoeﬂ%%???@uééﬁVﬁ%si%%éuhﬂﬁﬁoqmﬁﬁégﬁ“ﬂ L9982 hAd %ﬁﬁi t'e el ectrodes

104a, 140b, 104c, inclusive, (or in particular the bottom spacing Sh)
bet weenld hecsecerd iang &hir dmecloat | agafriom therbebt pixels arrayed

side-by-side in a direction. Conventional image sensor

10 pixel array that uses light guides places the light
guides uniformly displaced from each other, thus is
unable to utilize a small space between light guide too
small to accommodate an integrated circuit feature such
as a gate electrode. The embodiment shown in Figure Z2A is

15 able to bring the two light guides on the left of the
second row closer to each other and also the next two
light guides of the second row closer to each other in
order to create a wider space in the middle (i.e. between
the second and third light guides) so that an additional

20 gate electrode 104c can fit in. Conventional pixel array,
with uniform spacing between light guides, would have to
have all spacings being wider even though the wider
spacing 1is only needed between certain pairs of laterally

adjacent light guides. In an alternative embodiment, any



20 |l ower |ight guides accommpdates an extra gate el ectrode 104c than woul d
be possible if all lower |ight guides were equally spaced. WO

2011/ 055340RCT/dsBR@10/ 055049 40 Non- nonot oni cal | y wamgBmgo/bise4ggap

wi dt h and/or the gap pitch between colsor filters permts the color filters

to shift with the respective |ower Iight guides in such a manner that the
respect§S¥eUPB®Er A5 ght - gaides rEnd? t5CR oG- 19 +Ec i 15 ght 2From t he

respective color filters. Where the gap is filled with air, or
gas(es)lomoyg asl itqud dseyusokied onfedram haviomg iz | owernpefrtactive index than
the color filter, or where a convex ceiling is over 10 the gap in case

wher e e i i nde b ks i } efractive

i ndex Sﬁge%ﬁ?%%%§§I{ﬁg?hgigﬁiééﬁiu éE%E%%J%%h%?%gég%@?%giéhe gap into
the color filters even when the gap width changes. Therefore, in sequence
of con %??ééeHQQﬁ,f%€EBﬁ5,ﬁﬂiﬂ$ﬁ?@ éﬁdamﬂj %rcép&ﬁqqqﬁerg?d?ﬁé‘second

color filter can be shifted closer to the first color filter and the third
col 6r faldecrearsche shfdledwelbsey 40 therfamnsd hacdl durfiHdarer while all
four remain effective in the gathering of light. As shown in Figure 1B, ray

¢ a”drfW1?9w%dF§2 iﬁ%%h%%t%éqﬁéﬂ%g?rI&a%é¥%¥@ﬁﬂa99|%héiééﬁﬁén@Ethe

second and third xel s are sti captured by the respective color filters

and traqgnitted to the re%pective phot oel ectric conversi?p units. Having
gaps of varlation may pbe a non-monotonic sequence that 1s

repeated. For example, the variation of bottom spacing
may follow a pattern of {increase, increase, decrease,

10 increase, decrease} that is repeated.

Figure Z2A also shows that the bottom width varies
non-monotonically from left to right in the second row in
a bottom-width sequence of W,, W,, W,, W,, W,, where W, < Wy,
exhibiting a variation pattern of {increase, decrease,

15 increase, decrease}, which is non-monotonic. In
particular, for the four pixels in the top two rows and
leftmost two columns, it is shown that the bottom width
is smallest for the bottom area C;, largest for the bottom
area C;, and intermediate for the bottom areas C, and C,.

20 In an embodiment where the primary-color Bayer pattern is
used for the color filters over the pixel array 12, the
pixels that have the bottom areas C, and C, may be the

green pixels, the pixel that has the bottom area C; may be



WO 2011/ 055344PCT/ 1 B2010/ 055049 41 between the color filters and being able
to reduce the gap widths for sone gaps while w dening a gap between those
gaps t hatwbeocomssyarrower permts the |ower |ight gui deproeliBrwid/hesoeol or
filters to have simlarly reduced 5 sypaci ngs bel ow t he narrower gaps and

wi dened sgacing bel ow t he mﬁdened,gaf whi | e retaining ood light capture of
the pi Xete FRFoRe®l, and Efgumel 2Bl shord thies shiie Pep e ofet he fifteen

pi xels in Figure 2A. Figure 1A can be seen as a vertical 10 section of the
first treeyouet hhg Xelse couneilng Frr oan theclcefitoral ongwhhelrcwl téneaZZ in
Figure 23. The thick "+" marks within the bottom areas and on the cut |ine

22" T epiesent Lhe MErdicahetonial | ingsahshomnin Fogure 1As dashed |ines)

of the 1ower |ight guides of these pixels 15 in the plane t IS
per pendi cul ar Ho t he substrate 106 and ghat,contains the cut |line zZ' .

Bot t om i t eh8s 1RV, L hefhe &M tdfe®  oUP Upix &l e at dhgYt Re ‘Girling 22 are

shown to be non-nonotonically changing. In particular, the sequence of the
bot bomipiaththX" IXbye X" 1 Xghtalconigde healO dltdimesZZciextd its afpattcern of
{increase, decrease, increase}. The description above has shown how

paCki”Qg%@Dﬁthéﬁzér%gﬂr LediGid cuhl features, cgn berenhangegh by sron- VO
2011/ 055344PCT/ 1 B2010/ 055049
also optimizing the space for integrated circuit features.
Thus, 1in this example where bottom areas C; corresponds to
blue pixels and bottom areas C, corresponds to green
10 pixels, in the second row, where in the left-to-right
direction alternate pixels alternate between blue and
green pixels, the width of light guides are optimized
accordingly, alternating between narrower widths (for
blue pixels) and wider widths (for green pixel), saving
15 space between the light guides for laying integrated
circuit features such as gate electrodes and contacts.
Likewise, in the first row, where alternate pixels
alternate between green and red pixels, the width of

light guides alternate between narrower widths (for green

20 pixels) and wider widths (for red pixels).

More generally, for purposes of comparing widths of
the light guides embedded in the insulating layer 110 and

of comparing horizontal spacings between pairs of



42 nonotonic variations in a horizontal spacing between consecutive |ight
gui des of pixels arrayed in a direction (in particular, the bottom

spaci ng) .wlentimssatoni ¢ variation in the horizontal spaecmgBtuioojzassi cul ar,
the 5 bottom spacing) is hel ped by naf-nonotonic variations in any one or

nore of the follow ng: a horizontal gl tch between consecutive |I%ht gui des
of pi xe@%n%?f:é}§édfﬁsr1 %n%?r eFAIsh RS partidcith &#U19Re bdt o pite gap

wi dth, and gap pitch. For exanple the gap pitch may be all owed 10 to vary
by up tand®reberiahingal hepacirnpnaotani bet yeafs uhedvari at iran- happeas within a
range of a small nunber of pixels arrayed side-by-side in a direction, for

eXATD! &) 32 B A6l & ot L OnGXaTR] &40, PIKG! o O IDESPISTer ably Wi thin 8

pi xel s such range, the variation 15 exhi bits an increase
foll owed by a_decrease further, followed by another jncrease, or a decrease

f ol | owddBYO8R SincrdaseC FERESMET! By anst hefe [dEeteasec Tivd descr i ption above

al so shows how t he packing density can be enhanced by optim zing the width
of bi ghtl20tguiddesl hbediiédbi mrichet hasulatiangl 0 Gyews thom titel di Fhegent
colors of light they transmt so as to take up the | east space possible.

Li ght %deﬁél%ﬁ%t Lransmb i ghtis, of o %Q%%% W&' gngihs onl v, sheuhd be
narr ower 011/055344PCT/I82010/05 049 han |ight gul des that

{ransm {11 g0Ls ol opger jwavel engths, Yis ooy taln exerml ary, nodi ment s

circuit features in and/or under the insulating layer 110
can be packed together, such integrated circuit features

10 including gate electrodes, polysilicon routing wire (not
shown), polysilicon contact (not shown), diffusion
contact (not shown), and metal wires. This horizontal
spacing should be varied non-monotonically across five or
more pixels arrayed side-by-side in a direction, as shown

15 1in Figure 1A, to permit a light guide to shift to one
side to occupy a small space too small to accommodate an
integrated circuit feature so that more space 1is
aggregated on the other side to become large enough to
accommodate an integrated circuit feature. Preferably,

20 this monotonicity exhibits itself across eight or fewer
pixels arrayed side-by-side in a direction. Further
preferably, this monotonicity exhibits a difference of
0O.1lum or larger between the widest and the narrowest

horizontal spacings between consecutive light guides



described and shown in the acconpanying drawings, it is 5 to be understood
that such enbodi nents are nerely illustrative of and not restrictive on the
broad i nweotzoomssaad that this invention not be |imtedpco/iBhaosies fic
constructions and arrangenents shown 3nd descri bed, since various other
nodi fi cations may occur to 10 those ordinarily skilled in the art.

For exahpfeSSpix@ £ihh Brxele 4 ay. 8y Sbe dr+ahged T$i'de- by- side in
directions that nake 45 degrees with the left-to-right and top-to-bottom

di rect imnst épaibdli,elthe® tihe fplraarecof ishe .ghot oet etbrperconverking units).
15For exanple, the top/bottom opening of the upper/lower |ight guide may

take a diffeqent shapechban apectangles Such, s a0 aclagan or a rectangl e
t hat has rounded corners. 20171/ 055344PCT/ 1B2010/ 055049 44 CLAI M5 What

is clained js: 11. An i page sensor conprising a_pjxe|l array that 2 conprises
a pIuraﬂf%9h8Ptm%@Q%Ql%§cﬁa&)&ﬂa%%ﬁg?§§9ﬂy0f 1lght? Bhtribufes

5 to widening the horizontal spacing, thus benefiting
denser packing of integrated circuit features in and
under the insulating layer 110 and denser packing of
pixels in the pixel array 12. Preferably, this width is
varied non-monotonically across five or more pixels array

10 side-by-side in a direction as shown in Figure 1A to take
advantage of the fact that this width can be smaller for
a light guide that transmits lights of shorter
wavelengths only than for a light guide that transmits
lights of longer wavelengths. For a light guide embedded

15 1in the insulating layer 110 to transmit lights of
wavelengths—-in-air between up to 500nm, this width is
preferably between 0.2um to 0.35um, more preferably
0.27um +/- 10%. For a light guide to transmit lights
having wavelengths-in-air up to 600nm, this width should

20 preferably be between 0.25um to 0.4um, more preferably
within 0.33um +/- 10%. For a light guide to transmit
lights having wavelengths-in-air up to 700nm, this width
should preferably be between 0.3um to 0.5um, more

preferably within 0.4um +/- 10%.



3a photoelectric conversion unit below an insulating 4 |ayer; and, 5a |ight
gui de, said light guide being enbedded in the 6 insulating | ayer and

bet ween awpl2orialssisy of wires, also 7 enbedded in the ingulraBimgoisayer, to
transmt light to 8 said photoel ectri® conversion unit, a horizontal

spacing 9 between said |ight guides of each gain of consecutive 10 pixels
among five OFORDFENPILEEI ST hat HPE Yartayedesi@eL 2 byl sFBE G A direction
and that are anong the plurality 12 of pixels alternates between increasing

and dedreaseng I racrossitvhe lfiigle oyuiroee @Eitxed shot2ztmed Imageveensor of
claim1, said each pixel 2 further conprising: 3a color filter coupled to
transmf; lhghtt0+88ld 5 parallel to the plane of the
photoelectric conversion units) between a wire 108 and a
5 gate electrode 104a (or in particular the bottom spacing)
and/or a horizontal pitch between light guides at a
height between a wire 108 and a gate electrode 104a,
inclusive, (or in particular the bottom pitch) permits a
light guide to shift to one side to occupy a small space
10 too small to accommodate an integrated circuit feature so
that more space 1s aggregated on the other side to become
large enough to accommodate an integrated circuilt feature.
This can be seen in Figure 1A where an increased
horizontal spacing between consecutive light guides at
15 any horizontal level (i.e. one that is parallel to the
plane of the photoelectric conversion units) between
wires 108 and the gate electrodes 104a, 140b, 104c,
inclusive, (or in particular the bottom spacing S)
between the second and third (counting from the left)
20 lower light guides accommodates an extra gate electrode

104c than would be possible if all lower light guides

were equally spaced.



4 photoel ectric conversion unit via said |ight guide, there 5 being a gap
between said color filters of each pair of 6 consecutive pixels anong the
five or mepeopiossdds, the gap WO 2011/ 055344PCTAB2010/ 0%604B204&05B04vayi ng a
wi dth that alternates between increasiong and 8 decreasing across the five
or nore pixels. 13.The i mage sensor of claim 2, said each pixel 2 further

conpri si ng: B cBPAP ANt &R L LBuBPEd 1t t FRASHEE I ightt 8nddicd 4 he
phot oel ectric conversion unit via said |light guide, there 5 being a gap
bet weerngsai dicalhorbdtiwdens cofl ceachi paer sofoebncionsechti ve lpixef $1amwrg t he
five or nore pixels, a gap
to shift with the respective lower light guides in such a
manner that the respective lower light guides remain
5 coupled to receive light from the respective color

filters.

Where the gap is filled with air, or gas(es), or a
ligquid or solid medium having a lower refractive index
than the color filter, or where a convex ceiling is over

10 the gap in case where a refractive index above the
ceiling is higher than a refractive index under the
ceiling, light remains able to diverge from the gap into
the color filters even when the gap width changes.
Therefore, in a sequence of consecutive first, second,

15 third and fourth color filters, the second color filter
can be shifted closer to the first color filter and the
third color filter can be shifted closer to the fourth
color filter while all four remain effective in the
gathering of light. As shown in Figure 1B, ray c¢ and ray

20 d that fall into the wider gap between color filters of
the second and third pixels are still captured by the
respective color filters and transmitted to the

respective photoelectric conversion units. Having gaps



7 pitch not varying by nore than 0.11m across the five or 8 nore pixels,
the gap pitch being a horizontal distance 9 between each pair of
consecut iwe 20emtsexsti nes of the gaps. 14. The i mage sensorCofiBENY 00 Of
claims 1 to 2, 2 said each pixel furt4ter conprising: 3a color filter

coupled to transn1t I'ight tQ sald 4 hot oel ectri c converS|on un|t via said
li ght i BESCEné e 5°BePhgta & eRSd&iY Tol Br TPi S Df C88ch pair of

6 consecutive pixels anong the flve or nore pixels, a gap 7 pitch
al ternat®s bétween figicr easengaared wletct easiingracn@ss atchédtiweenr nore
pi xel s, the gap pitch being a horizontal 9 distance between each pair of

Consemﬁﬁagecggﬁgwﬂﬂﬁ% BEC%%érHéB§B§er permits the lower light
guide below the color filters to have similarly reduced
5 spacings below the narrower gaps and widened spacing
below the widened gap while retaining good light capture

of the pixels involved.

Figure 2B shows the same top view of the fifteen

pixels in Figure 2A. Figure 1A can be seen as a vertical

10 section of the first to fourth pixels counting from the
left along the cut line ZZ’ in Figure 2B. The thick “+”
marks within the bottom areas and on the cut line ZzZZ’
represent the vertical centerlines (shown in Figure 1A as
dashed lines) of the lower light guides of these pixels

15 1in the plane that is perpendicular to the substrate 100
and that contains the cut line 772’ . Bottom pitches X,, Xy
between the four pixels along the cutline ZZ’ are shown
to be non-monotonically changing. In particular, the
sequence of the bottom pitch {X,, X,, X,, Xy} along the

20 cutline 727’ exhibits a pattern of {increase, decrease,

increase}.

The description above has shown how packing density

of integrated circuit features can be enhanced by non-



WO 2011/ 055344PCT/ 1B2010/ 055049 46 15. The i nage sensor of any one of clains
2 to 4, 2 wherein the gap contains air or a gas. 16. The image sensor of any
one of clwors11dssx44, 2 wherein the gap contains a |iquipdTaB2aebisd49
material, the 3 liquid or solid materd42al having a refractive index that 4

is at least 20% | ess than that of the color filter. 17.The image sensor of
any oné"OFCEPAILFE V2102 410D SwHETr ¢ t heT gapHiast aSMRdtRo9ndte epellt han 0. 45um
between 3 said color filters of said each pair of consecutive 4 pixels.

18. The ¢omgecsense bifglktagmite whef ephxedicd dighyed dui de daseatwodt h t hat
al ternates between increasing and
(in particular, the bottom spacing). Non-monotonic
variation in the horizontal spacing (in particular, the
5 bottom spacing) is helped by non-monotonic variations in
any one or more of the following: a horizontal pitch
between consecutive light guides of pixels arrayed in a
direction (in particular, the bottom pitch), gap width,
and gap pitch. For example, the gap pitch may be allowed
10 to vary by up to Preferably, the non-monotonicity of the
variation happens within a range of a small number of
pixels arrayed side-by-side in a direction, for example
32 pixels, or for example 16 pixels, or more preferably
within 8 pixels. Within such range, the variation(s)
15 exhibits an increase followed by a decrease further

followed by another increase, or a decrease followed by

an increase followed by another decrease.

The description above also shows how the packing
density can be enhanced by optimizing the width of light
20 guides embedded in the insulating layers for the
different colors of light they transmit so as to take up
the least space possible. Light guides that transmit

lights of shorter wavelengths only should be narrower



3 decreasing across the five or nore pixels. 19.The image sensor of claim

8, wherein the width 2 of said |ight guide is smaller for ap

xel

anong t he

five 3 orwoane/psxel s that is configured to detect |ightrseTaB2040/83504% er
wavel engt hs only than for another pi x8l anong the 5 five or nore pixels

that is configured to, detect q:ts 6 of laon er wavel engt hs.
2011/ 055332 PEFATB2 P10} @%%0&@%7

WO

T SHhE ilnabe-Sefsor 08P ai m 8, wherein

the width 2 of said light guide is snaller for a blue pixel than for 3 a

red pi xehveldhgtHhee i mage sensor of claim8, wherein the width

While certain exemplary embodiments have been

described and shown in the accompanying drawings, 1t is

5 to be understood that such embodiments are merely

illustrative of and not restrictive on the broad

invention, and that this invention not be limited to the

specific constructions and arrangements shown and

described, since various other modifications may occur to

10 those ordinarily skilled in the art.

For example, pixels in a pixel array may be arranged

side-by-side in directions that make 45 degrees with the

left-to-right and top-to-bottom directions (parallel to

the plane of the photoelectric conversion units).

15 For example, the top/bottom opening of the

upper/lower light guide may take a different shape than a

rectangle, such as an octagon or a rectangle that has

rounded corners.



2 of said light guide is smaller for a blue pixel than for 3 a green pixel.
112. The i mge sensor of claim8, wherein the width 2 of said |ight guide

i s smal | ewofor/@symeen pixel than for 3 a red pixel. 11BCTTRA®1)/NEWYES Sensor
of any one of clains 2 to 7, 2 wherei4# said color filter conprises a
colorant. 114. A nethod for detecting an imge using a solid- 2 state inmage
sensor, conprising: 3providing a pl y of photoel ectric conversion 4
units below an insulating |ayer and below a plurality of 5 wires enbedded
in the insulating |ayer; and, 6providing a plurality of |ight guides
enbeddegh ip the 4 dnsulating layer between the plurality of wires, to

1 1. An image sensor comprising a pixel array that

2 comprises a plurality of pixels, each pixel comprising:
3 a photoelectric conversion unit below an insulating
4 layer; and,

5 a light guide, said light guide being embedded in the
© insulating layer and between a plurality of wires, also
7 embedded in the insulating layer, to transmit light to

8 said photoelectric conversion unit, a horizontal spacing
9 Dbetween said light guides of each pair of consecutive

10 pixels among five or more pixels that are arrayed side-
11 by-side in a direction and that are among the plurality
12 of pixels alternates between increasing and decreasing

13 across the five or more pixels.

1 2. The image sensor of claim 1, said each pixel

2 further comprising:

3 a color filter coupled to transmit light to said

4  photoelectric conversion unit via said light guide, there
5 being a gap between said color filters of each pair of

© consecutive pixels among the five or more pixels, the gap



8 transmt light to the photoelectric conversion unit, 9 where a horizontal
spaci ng between the |ight guides of WD 2011/ 055344PCT/1B2010/ 055049 48 10
each pai rwof2otios®aut i ve pi xel s anong five or nore pixelPsTAR20t1v83504 €
arrayed side-by-side in a direction a#%d that are 12 anong the plurality of
pi xel s al ternates between 13 increasin nd decreasing across the five or
nnrz m@@ﬂ%@glfSWkﬂﬁbn%pﬁSdQ%t%ﬁ%@F?%4,QHWﬁ%ﬁanﬁé%Qﬁﬁﬁgs%ﬁgor 2 s
further characterized by any one of the clainms 2 to 313.

8 decreasing across the five or more pixels.

1 3. The image sensor of claim 2, said each pixel

2 further comprising:

3 a color filter coupled to transmit light to said

4  photoelectric conversion unit via said light guide, there
5 being a gap between said color filters of each pair of

© consecutive pixels among the five or more pixels, a gap

7 pitch not varying by more than 0.1lllm across the five or

8 more pixels, the gap pitch being a horizontal distance

Y9 between each pair of consecutive centerlines of the gaps.

1 4. The image sensor of any one of claims 1 to 2,

2 said each pixel further comprising:

3 a color filter coupled to transmit light to said

4  photoelectric conversion unit via said light guide, there
5 being a gap between said color filters of each pair of

© consecutive pixels among the five or more pixels, a gap

7 pitch alternates between increasing and decreasing across
8 the five or more pixels, the gap pitch being a horizontal
Y9 distance between each pair of consecutive centerlines of

10 the gaps.
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5. The image sensor of any one of claims 2 to 4,

wherein the gap contains air or a gas.

©. The image sensor of any one of claims 2 to 4,
wherein the gap contains a ligquid or solid material, the
liguid or solid material having a refractive index that

is at least 20% less than that of the color filter.

7. The image sensor of any one of claims 2 to 4,
where the gap has a width not more than 0.45um between
said color filters of said each pair of consecutive

pixels.

8. The image sensor of claim 1, wherein said light
guide has a width that alternates between increasing and

decreasing across the five or more pixels.

9. The image sensor of claim 8, wherein the width
of said light guide 1i1s smaller for a pixel among the five
or more pixels that is configured to detect lights of
shorter wavelengths only than for another pixel among the
five or more pixels that is configured to detect lights

of longer wavelengths.
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10. The image sensor of claim 8, wherein the width
of said light guide is smaller for a blue pixel than for

a red pixel.

11. The image sensor of claim 8, wherein the width
of said light guide is smaller for a blue pixel than for

a green pixel.

12. The image sensor of claim 8, wherein the width
of said light guide is smaller for a green pixel than for

a red pixel.

13. The image sensor of any one of claims 2 to 7,

wherein said color filter comprises a colorant.

14. A method for detecting an image using a solid-
state image sensor, comprising:

providing a plurality of photoelectric conversion
units below an insulating layer and below a plurality of
wires embedded in the insulating layer; and,

providing a plurality of light guides embedded in the
insulating layer between the plurality of wires, to
transmit light to the photoelectric conversion unit,

where a horizontal spacing between the light guides of
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each pair of consecutive pixels among five or more pixels
that are arrayed side-by-side in a direction and that are
among the plurality of pixels alternates between

increasing and decreasing across the five or more pixels.

15. The method of claim 14, wherein the image sensor
is further characterized by any one of the claims 2 to

13.



