LI GHT GUI DE ARRAY FOR AN | MAGE SENSOR BACKGROUND OF THE I NVENTION 1 . Field
of the Invention The subject matter disclosed, generally relates to
struct ur esoand/oetdhods for fabricating solid state i mageCITARR0Y/806148L .
Background I nformati on Phot ographi c equi pnrent such as digital caneras and
digital cantorders may contain electronic i nage sensors that capture |ight
for processing into still. or video inmages. Electronic inage sensors
typically contain TRAGHT cBYIDE ARBAY Fol AN rIMAGRNEENIORUCh as phot odi odes.
Solid state image sensors can be either of the charge coupl ed device (CCD)
type or the conplinentary netal oxide sem conductor (CMOS) type. In either
type of image sensor, pBRCRGREUSOr Sramerf ANVRNTIONM substrate and arranged
in a two-di nensional array. ITnage sensors typically contain mllions of

pi xel s to provide a_highresolution inmage. Figure | A shows a sectional view
of a prior éiﬁékbbiﬁ;ﬁgﬁLéﬁﬁﬁﬁﬁéEEEnsor 1 showi ng adj acent pixels in a

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
digital camcorders may contaln electronic image sensors
that capture light for processing into still .or video
images. Electronic image sensors typically contain

millions of light capturing elements such as photodiodes.

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, photo sensors are formed in a substrate and
arranged in a two-dimensional array. Image sSensors

typically contain millions of pixels to provide a high-

resolution image.

Figure 1A shows a sectional view of a prior art
solid-state image sensor 1 showing adjacént pixels in a

CMOS type sensor, reproduced from U.S. Pat. No.



CMOS type sensor, reproduced fromU. S. Pat. No.7,119, 319. Each pixel has a
phot oel ectric conversion unit 2 . Each conversion unit 2 is |ocated

adj acent wo auttmarsf er el ectrode 3 that transfers chargesTuB2o/hicost i ng

di ffusion unit (not shown) . The stru2ture includes wires 4 enbedded in an
insulating layer 5 . The sensor typically includes a flattening | ayer 6
below the color filter 8 to conpensates for top surface irregularities due
to the Wi fAé®,AR1°.si Mzcla 1wt shrfaeephstesdenttialc farneenyeoni onal col or
filter formation by lithography. A second flattening |ayer 10 is provided

above the:golor fiddrercéhiorpiovi daiad bl ats swdace) foqyibentotpaki on of
mcrolens 9 . The total thickness of flattening |ayers 6 and 10 plus the

col or fi . i i e ) i j 7.are i ated into

t he sengg%ﬁfgﬁﬁt?ﬁé fﬁ tggﬁt%M?ﬁegggﬁﬁgkgg%ﬁggﬁgﬁ%g2t3 %hgﬂ%?g%?bguides 7

are forge% of .a nateriahﬁsuch as ilig%n ni.tride that hgsda hi gher i ndex of
ref r act For AT A5 s At i RGO By er 50 EXAIIHR GAT U9 hEET SR ent rance
that is wider than the area adjacent to the conversion units 2 . The sensor
1 may als&Mrarsiesl dot G fineet281aAd 1@ vfitcrfol endi® sensor

typically includes a flattening layer 6 below the color
filter 8 to compensates for top surface irregularities
due to the wires 4, since a flat surface is essential for
conventional color filter formation by lithography. A
second flattening layer 10 is provided above the color
filter 8 to provide a flat surface for the formation of
microlens 9. The total thickness of flattening layers 6

and 10 plus the color filter 8 is approximately 2.0um.

Light guides 7 are integrated into the sensor to
guide light onto the conversion units 2. The light
guides 7 are formed of a material such as silicon nitride
that has a higher index of refraction than the insulating
layer 5. BEach light guide 7 has an entrance that is
wider than the area adjacent to the conversion units 2.
The sensor 1 may also have a color filter 8 and a

microlens 9.

The microlens 9 focuses light onto the photo

photoelectric conversion units 2. As shown in Figure 1B



The mcrolens 9 focuses |light onto the photo photoelectric conversion units
2 . As shown in Figure |Bbecause of optical diffraction, the mcrolens 9
can causewgdi2bfwoactoed | i ght t hat propagates to nearby pheCoaBBod/nice4s
conversion units and create optical cBosstalk and light |oss. The anount of
cross-tal k increases when there is a flattening |ayer above or bel ow the
color filter, positioning the mcrolens farther away fromthe |ight guide.
Li ght chaceuessicd loptitaaladjatentcpizel sthy pdssioigrishrougdn ecahse
flattening | ayer (above or below color filter) or the color filter's

si dewal 8i fWebal cshilelfds: af@tsofmbw?gtie@t egr akedpynighddve pheersct o bl ock
cross-talking light. In addition, alignnment errors between mcrol ens, color

filrer, c8ndobianh, giiide Alme CALELDULE: bAICosstal, They forgmlion, size,

and shape of the microlens can be var to reduce crosstal wever,
Croset Al RCRr T T IEGamBt e O 1 P 667 BadRGAT A5t 't orP T anTENS | mage
sensor at the substrate interface is another issue causing |oss of |ight
recept i bhd CASNSRGWT GYE i 2ROV OF heel Pyhithguiced ars filter,

positioning the microlens farther away from the light

guide. TLight can crosstalk into adjacent pixels by

passing through either flattening layer (above or below

color filter) or the color filter’s sidewall. Metal

shields are sometimes integrated into the pixels to block

cross—-talking light. In addition, alignment errors

between microlens, color filter, and light guide also

contribute to crosstalk. The formation, size, and shape

of the microlens can be varied to reduce crosstalk.

However, extra cost must be added to the precise

microlens forming process, and crosstalk still cannot be

eliminated

Backward reflection from the image sensor at the
substrate interface is another issue causing loss of
light reception. As shown in Fig. 1A, the light guide is
in direct contact with the silicon. This interface can
cause undesirable backward reflection away from the

sensor. Conventional anti-reflection structures for



in direct contact with the silicon. This interface can cause undesirable
backward reflection away fromthe sensor. Conventional anti-reflection
struct ur esof2orivooeye sensors include the insertion of a exirdB20od/oenis ri de
dual -l ayer film stack directly above #he silicon substrate, or a oxynitride
| ayer having variation of nitrogen-to-oxygen ratio there, but only reduces
reflection between the silicon substrate and a tall oxide insulator. This
appr oacimase nstnapplsi dahlleideherhd hensateibacefi s sidiidesrplsubstrate and a
nitride |ight guide. BRIEF SUVWARY OF THE | NVENTI ON An i mage sensor pixe

that ing}udegeadphat-oel Gt riLlkosVessi @Drebtl ySuppaid ethdysia sehstrat e and
an insul ator adjacent to the substrate. The pi xel may have a cascaded | i ght

gui de, i parti.o the. ¢as Lght, gui i.s W thin the
insulat%@géﬁ%gggétﬁgrﬁigt %ﬁgigﬁﬁngggg ob%g?hg &ESU%E%#& The cascaded
i ght guide may include a self-aligned colgr falter avi ng air-gaps between
adj acentlEbPEFRFIPEErY 9% rifaps MBS be 28l 84 JRi&e by a transparent
sealing film The transparent sealing filmmay have a concave surface over
t he ai rrgapecbianyeegerddrgithavyl f¢em eHesSaretgapichtd el aceatdeol or
filters. The pixel may have an antireflection

insulator. This approach is not applicable when the

interface is silicon substrate and a nitride light guide.



stack between the substrate and the cascaded |ight guide. BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure IAis an illustration show ng a cross-section of two
i mge sermsonopicoelds of the prior art; Figure IB is an ilpcuaBrad/n@misshow ng
| ight cross-tal k between adjacent pix&ls of the prior art; Figure 2 is an
illustration showi ng a cross-section of two i mage sensor pixels of an
enbodi nent of the present invention; Figure 3Ais an illustration show ng

| ight traveling al ongB&aEdl 1SUafAHREet e enHE WONEBNGIONI | ters; Figure 3B is an
illustration showng the redirection of light fromthe air gap into the
color filters; Fi gure 3Cis a graph of light power versus the distance

al ong t he aiy ga Fi 3D.is,a ph _of rsus gap wdth
ver sus dlstancgJP T é%ﬁéggl lé&& 5 &ﬁdtcglgﬁ%% a%%ogoeiﬁﬁgf8r t hree
different colors; ure 3E is a_graph of maxi pal gap power | 0ss versus gap
wi dth afCRVeEpt AR Tm L SRS ThES BE § sSWPEhBRESO finﬁia%nrrd%nsg&ﬁtﬁb‘%\er | 0SS

for different gap mﬁdths at a depth of 1 .Qum
adjacent to the substrate. The plxel may have a cascaded

light guide, wherein a portion of the cascaded light
guide is within the insulator and another portion extends
above the insulator. The cascaded light guide may
include a self-aligned color filter having air-gaps
between adjacent color filters. Air-gaps may be sealed
from above by a transparent sealing film. The
transparent sealing film may have a concave surface over
the air-gap to diverge light away from the air-gap into
adjacent color filters. The pixel may have an anti-
reflection stack between the substrate and the cascaded

light guide.



Figure 3Gis a table of gap area as percentage of pixel area for different
gap widths and different pixel pitches; Figure 3His a table of pixel power
| oss for WORPEV®NI96gap wi dt hs and different pixel pitch@STIRNYUPESIBL is a
graph of pixel power |oss versus pixeb pitch for different gap w dths;
Figures 4A-L are illustrations showi ng a process used to fabricate the

pi xel s shown in Fig. 2 ; Figure 5is an illustration showing ray traces
within the pixel of BREEF2DESERGIRTE OBA AFs THE i DRAKINGEI on showi ng a pi xel
at a corner of the array; Figure 6B is an illustration showing |light ray
traces wthin the pixel of Fig. 6A; Figure 7 is an illustration showng a
top view of Fogmrei X8l $swehhiid lams taratayoiri gusweiBgi 8 aroalst-eraratieorenbodi ment
of the sensor pixels with ray tracing; Figures 9A-Mare illustrations

showi ngoa preceasgesed i f abricns eckhenpi yeigrshown in Fig. 8 ; Figures
10A-H are illustrations showing a process to

Figure 1B is an illustration showing light cross-talk

between adjacent pixels of the prior art;

Figure 2 is an illustration showing a cross-—-section
of two image sensocor pixels of an embodiment of the

present invention;

Figure 3A is an illustration showing light traveling

along an air gap between two color filters;

Figure 3B is an illustration showing the redirection

of light from the air gap into the color filters;

Figure 3C is a graph of light power versus the

distance along the air gap ;

Figure 3D is a graph of gap power loss versus gap
width versus distance along the air gap of widths 0.6um

and 1.0um for three different colors;

Figure 3E is a graph of maximal gap power loss versus

gap width at a depth of 1.0um;



expose a bond pad; Figure 11 is an illustration showi ng an antireflection
stack within the sensor of an enbodi nent of the present invention; Figures
12A- E ar ewOl2bustton ®bi ons showi ng an alternate process toPCOABR20@006148
anti-reflection stack within the sensdr of an enbodi nent of the present
invention; Figure 13A is a graph of transm ssion coefficient versus |ight
wavel ength for an anti-reflection stack; Figure 13B is a graph of

transm ssi orF toeféi 8ient wersiid d igghtmaraived BEngdh powethéoanst iforef | ecti on
stack; Figure 13Cis a graph of transm ssion coefficient versus |ight

wavel engt Bréeenthggntirdefd ect i Onashaskoki guoes;14A-G are illustrations
showi ng an alternate process to formtw anti-reflection stacks within the

sensor of an enbodi nent of the present invention; Figure 15A is a graph of

transni ssi onpcogfli gkent wersys d ightyaavel engt b Fﬁekc@nfch@%_t of _
anti-reflection stack on a left hand portion of Fig. 14G "Figure 15B is a

grapn of LLaNSuLasion Sesfllclent yer sua ol wenelshath. for, g second

anti-re Cti on "st ac OWn on a porti‘on o

pitches;

Figure 3H is a table of pixel power loss for

different gap widths and different pixel pitches;

Figure 3I is a graph of pixel power loss versus pixel

pitch for different gap widths;

Figures 4A-L are illustrations showing a process used

to fabricate the pixels shown in Fig. 2;

Figure 5 is an illustration showing ray traces within

the pixel of Fig. 2;

Figure 6A is an illustration showing a pixel at a

corner of the array;

Figure 6B is an illustration showing light ray traces

within the pixel of Fig. 6A;

Figure 7 is an illustration showing a top view of

four pixels within an array;



Figure 16 is an alternate enbodi nent of the inmage sensor of this invention;
Figure 17 is an alternate enbodi nent of the inage sensor of this invention;
Fi gure 18wWp=0HmM0a19%er nat e enbodi ment of the i mage sensoPCHBGP/B06i148vent | on
Figure 19 is an alternate enbodi nent 8f the inmage sensor of this invention;
Figure 20 is an illustration show ng a process step used to fabricate the
pi xel s shown in Figure 18;Figures 21A-D are illustrations show ng process

steps used tBidabei 8atle the gdibeatrmtshamoodimegur ef18heFisgm=er22 i s an
al ternate enbodi rent of the imge sensor of this invention; Figure 23 is an
i1l ustratikensshawnma @y taaceg; crossing from cover glass to the |ight

guides In a i mage sensor
i nvention;

of this invepi4one PESALMER LESGRIEH QY Diss! o86¢ihg @“éﬂ

t hat

i ncl udes a photoel ectric conversion unit supporte

to fabricate the pixels shown in Fig. 8;

package according to an enbodi nent of this
Figure 24 is an illustration show ng a packagi ng configuration

RS Sensy  pi xel
by a substrate

Figures 10A-H are illustrations showing a process to

expose a bond pad;

Figure 11 is an illustration showing an anti-

reflection stack within the sensor of an embodiment of

the present invention;

Figures 12A-E are illustrations showing an alternate

process to form an anti-reflection stack within the

sensor of an embodiment of the present invention;

Figure 13A is a graph of transmission coefficient

versus light wavelength for an anti-reflection stack;

Figure 13B is a graph of transmission coefficient

versus light wavelength for the anti-reflection stack;

Figure 13C is a graph of transmission coefficient

versus light wavelength for the anti-reflection stack;



and an insul ator adjacent to the substrate. The pixel includes a |ight
guide that is located within an opening of the insulator and extends above
t he i nsulwobanizciyet hat a portion of the |ight gui de hagcanBzios/iooeniser f ace.
The air interface inproves the internal reflection of the Iight guide.
Additionally, the Iight guide and an adjacent color filter are constructed
with a process that optim zes the upper aperture of the |ight guide and
reduces cros$EaMRESTHES e ChFact bihstiresiohst kadviigin ayuialeternataate the
need for a mcrolens. Additionally, an anti-reflection stack is constructed
above t pergqietoelecisic toavensiionraflidctanth bet avks heikhght tgei de to reduce
light | oss through backward reflection fromthe i mage sensor. Two pixels of

di f f er erterGQl 010 fMayn benbodi medwaldsy 1opt igized,f ofn@phi 1 b8l ection by
nodi fying the thickness of one filmw thin the anti-reflection stack. The

pi xel may include two |ight guides, one above the other. The first |ight

guide s | ocoied.W uh 2 1] r@fg@ﬁnwgtegnggﬁssﬁ%% algye i Agent to the

substrate. The second |ight gui | ocated within a second opening in a
SUpportﬁ%réﬂs‘%&éﬁ%rm%§gfeg %ﬁt%% f?%%xgﬁ¥l -reflection stack

on a left hand portion of Fig. 14G;

Figure 15B is a graph of transmission coefficient
versus light wavelength for a second anti-reflection

stack shown on a right hand portion of Fig. 14G;

Figure 16 is an alternate embodiment of the image

sensor of this invention;

Figure 17 is an alternate embodiment of the image

sensor of this invention:

Figure 18 is an alternate embodiment of the image

sensor of this invention;

Figure 19 is an alternate embodiment of the image

sensor of this invention;

Figure 20 is an illustration showing a process step

used to fabricate the pixels shown in Figure 18;



partially renmoved during fabrication of the pixel. A color filter may be

| ocated within the sane opening and thus self-aligns wth the second |i ght
gui de. Thwozetiandidsi ght gui de may be offset fromthe fi Pst/iB2oghvbocges de at
the outer corners of the pixel array %o capture |light incident at a
non-zero angle relative to the vertical axis. An air gap is created between
nei ghboring color filters by renoving the support filmmaterial adjacent to
the filter. FADMYRSs 24 AdWarL s etk hed F YotiAlex Shrad Noh © aiot tSEEPM and
enhances internal reflection within the color filter and the |ight guide.

| n addutieoh,td htelaricglap thecphkedur ethawm "berd'glrght9F nci dent on the gap
into the color filter and increase the anount of |ight provided to the
sensor. Reflection at the silicon-light-guide interface is reduced by
creating a Ribtirde X3 lim and £l férstt-oxedrobimenhelodvithe fags |1 ght gui de.
A second oxide filmmy be additionally inserted below the nitride filmto
br oadenthedange ©fisi ghtchregyencies for effective antireflection. The
first oxide filmcan be deposited into an etched pit before application of
the |ight-guide

Figure 23 is an illustration showing ray traces
crossing from cover glass to the light guides in a image
sensor package according to an embodiment of this

invention;

Figure 24 is an i1llustration showing a packaging

configuration of this invention.



material. In an alternate enbodinent, all antireflection filns are fornmed
before a pit is etched, and an additional |ight-guide etch-stop filmcovers
t he anti rEOl2etfGoptyef i | ms to protect themfromthe pit ePCHABWII/RBA4Y ring to
the drawi ngs nore particularly by refdrence nunbers, Figures 2 , 4A-L, 5
and 6A-B show enbodi nents of two adjacent pixels in an inmage sensor 100.
Each pi xel includes a photoelectric conversion unit 102 that converts
photoni c energy into electrical charges. In a conventional 4T pixel,

el ectrode 104 may be a tranQFERIBEBcPVERHRILGTONansf er the charges to a
separate sense node (not shown) . Alternately, in a conventional 3T pixel

el ectrode 104 may be a reset electrode to reset the photoelectric
conversi on ubisclogedThe elrecimagfessdrozoandizehvehsitonngliudesiG2 are for ned
on a substrate 106. The sensor 100 al so includes wires 108 that are

enbeddegdhbhoan ddtstil @tddgy é ayesn 1401 t Eaapopinteld has a fusstratght guide
116. The first |ight guides 116 are constructed with a refractive nmateri al

ts Eg\tm h?ﬁn% hihghefsdndex: Oidi&f:éﬁﬁt‘cBntBQa@uﬁo@ec'ﬂ}%Q at'ﬂge'%t/ Jr110 AS
g. 4B, each first light guide 116 may have ewal | 118 that
sl opes @Bc%ﬂdes a light guide that is located within an opening
of the insulator and extends above the insulator such
that a portion of the light guide has an air interface.
The air interface improves the internal reflection of the
light guide. Additionally, the light guide and an
adjacent color filter are cdnstructed with a process that
optimizes the upper aperture of the light guide and
reduces crosstalk. These characteristics of the light
guide eliminate the need for a microlens. Additionally,
an anti-reflection stack is constructed above the
photoelectric conversion unit and below the light guide
to reduce light loss through backward reflection from the
image sensor. Two pixels of different color may be
individually optimized for anti-reflection by modifying
the thickness of one film within the anti-reflection

stack.

The pixel may include two light guides, one above the

other. The first light guide is located within a first



angle a relative to a vertical axis. The angle a is selected to be |ess
than 90 - asin (n Insulating layer / nlight guide ) preferably O, so that
t here i s wot2a11/Gopt%er nal refl ection of light within the &GrdB2009pei4s n
ninsul ating |l ayer and nlight guide ar® the indices of refraction for the
insulating layer material and |light guide material, respectively. The |ight
guides 116 internally reflect light fromthe second |ight guide 130 to the
conver sbpanungt 9£102e The sertond ddghcteghi des thd0 sarvestioat ed Bbove first

| i ght guides 116 and may be made fromthe same material as the first |ight

gui de 13d6cohbeltoptendicie the BeEoPEd] Wobhiguadeckihhd Sopéeleigthan the
bottom end, where the second |ight guide 130 neets the first |ight guide

116. Thysshpe.gap hetyween adi agent seconLibght, guides.d30-at the bottom
| ar we

(hencefort second gap") 1Is er than at the top, as | as larger than
the air %agi4ﬁ§ betmeen(}ﬁi golor fﬁlteéﬁal%4Bf %}%9 ahov. th§ second i ght
gui des 3617 ys@%ﬂ%Yﬁlg]f 9d£§ 136 9 b& tof fSetP 13t er al y Wth
respect to the first light guides 116 _

color filter may be "located within the same opening and

thus self-aligns with the second light guide. The second

light guide may be offset from the first light guide at

the outer corners of the pixel array to capture light

incident at a non-zero angle relative to the vertical

axis.

An air gap 1s created between neighboring color
filters by removing the support film material adjacent to
the filter. Air has a lower refractive index than the
support film and enhances internal reflection within the
color filter and the light guide. 1In addition, the air
gap is configured to “bend” light incident on the gap
into the color filter and increase the amount of light

provided to the sensor.

Reflection at the silicon-light-guide interface is
reduced by creating a nitride film and a first oxide film
below the first light guide. A second oxide film may be

additionally inserted below the nitride film to broaden



and/ or the conversion unit 102, as shown in Figure 6A wherein the
centerline C2 of the second |ight guide 130 is offset fromthe centerline
Cl of thewbiwstooiisght gui de 116 or of the photoel ectri cpPconBEOgD@N48UNI t
102. The offset may vary dependi ng updn the pixel position within an array.
For exanple, the offset nay be greater for pixels |ocated at the outer
portion of the array. The offset may be in the sane |ateral direction as

t he |nEFﬁeﬁ?W%%ﬂﬁft%%Qﬂﬁlﬁﬁ%%U?%Eéﬁﬁl5ﬁro@ﬂﬁ%ﬂﬁlWﬁ/%Wﬁ9Tlrst i ght gui de.
For incident light arriving at a nonzero angle relative to the verti cal
axis, péfsertderond Theghiixgl desid80fpass con ier eldnaghitted iheofirst |ight
gui des 116. Effectively second |ight guide 130 and first light guide 116

toget hgn eenslkid Wie dighd gubdeckhabnt akkeshd ffierentgyedéi cal
cross-section shapes at different pixels. The shape is optimzed to the

i nci deh kgl raﬁz@%&l ea?ﬁe?ﬁ&'ﬂepé?ﬁ%bdlﬁ!e%‘t 2and, 68 Ll lustrate ray

tracing for a pixel at the center of an array and at a corner of the array,

respectl i dent rays .cone in vertic | l.y. The
second"Fi gﬁttjﬁwbé%gg§%z%? c%ﬁ?egeé ?8rehe ﬁlrsflﬁlg% %%fd%s&116 Bot h
| i ght

g ;gygddltlonal light-guide etch-stop film covers the anti-

reflection films to protect them from the pit etchant.

Referring to the drawings more particularly by
reference numbers, Figures 2, 4A-L, 5 and 6A-B show
embodiments of two adjacent pixels in an image sensor
100. Each pixel includes a photoelectric conversion unit
102 that converts photonic energy into electrical
charges. 1In a conventional 4T pixel, electrode 104 may
be a transfer electrode to transfer the charges to a
separate sense node (not shown). Alternately, in a
conventional 3T pixel, electrode 104 may be a reset
electrode to reset the photoelectric conversion unit 102.
The electrodes 104 and conversion units 102 are formed on
a substrate 106. The sensor 100 also includes wires 108

that are embedded in an insulating layer 110.

Each pixel has a first light guide 116. The first
light guides 116 are constructed with a refractive

material that has a higher index of refraction than the



reflect once within the second |ight guide 130 then enter the first |ight
guide 116, reflects once (ray a ) or twice(ray b ) and then enter
conver si oNOnit®1m®2. In Fig. 6B, the second |ight gui desTiBDogn@ief fset to
the right, away fromthe center of the array, which is towards the left.
Light ray ¢ , which cones in fromthe left at an angle up to 25 degrees
relative to the vertical axis, reflects off the right sidewall of the
second lnghtaginde 183@r HiltGk. arfcs pematm at esit be Kdweraadf tfisidewal | of the
sane, enters the first light guide 116, and finally reaches conversion unit

102. Thepighfsghiibe IUGh rtdhatndhne 4issdevhuht 198 deallGrgeantay esnt he | i ght
ray that exits lowerleft sidewall of second |ight guide 130. At each

crossin | g i i het ;s exi ti econd. | i ght gui de or
enteri n%mﬁﬁ% ?‘i ?rsetl%ﬁlg]ﬁet sdg%%@%ﬁ%%irg{{/l%reF?%c{agl%ilﬁe g)p\a%y that the
refracted ray' s, angle.to t vertical axis_beconmes |ess, each tine,
enhanci%%l%?%ﬁgggPi T éﬁﬁﬁ?Bgthéﬁ%hBt%%?83?#Pém€@ﬁvéﬁﬁi6nIﬂﬁWﬁ. Thus,
having a light guide built froma first |ight guide 116 and a second |i ght
gui de 136cal | G fiieaReY t  cafOockdss- S8 oA Sshae bf IR FRIPRYht gui de to
vary from pixel to pixel to optimze for passing light to

reflection of light within the guide, wherein nNijsuiating 1ayer

and Njight guide @are the indices of refraction for the
insulating layer material and light guide material,
respectively. The light guides 116 internally reflect
light from the second light guide 130 to the conversion

units 102.

The second light guides 130 are located above first
light guides 116 and may be made from the same material
as the first light guide 116. The top end of the second
light guide 130 is wider than the bottom end, where the
second light guide 130 meets the first light guide 116.
Thus the gap between adjacent second light guides 130 at
the bottom (henceforth “second gap”) is larger than at
the top, as well as larger than the air gap 422 between
the color filters 114B, 114G above the second light
guides 130. The second light guides 130 may be offset
laterally with respect to the first light guides 116

and/or the conversion unit 102, as shown in Figure 6A,



t he photoel ectric conversion unit 102 . Building a |ight guide fromtwo
separate light guides 116, 130 has a second advantage of reducing the

et chdept wbap1igmetvsl i ght gui de 116, 130. Consequently, ®iCHaBad/hocs4sope
angl e control can achi eve higher accuracies . It al so nakes deposition of

i ghtguide material less likely to create unwanted keyhol es, which often
happen when depositing thin filminto deep cavities, causing light to

scat t erwfieoaithehki ghnhtguildenaiptih ehcouat eecagdt he gkey loliek .13Tbl or filters
114B, 114G are | ocated above the second |ight guides 130. The sidewall

upper ppstbpasat andmadnCedntdrihes col oprf theers s mrghtvestidal than
the rest of second lightguide. First air-gap 422 between the color filters

has a W fEhopl of. SRS, - 0% c ARk A 80PL DS ObndunBimi@yp Oredler. An alt gap

with the dinmensional Fimtations cite ove causes the light within the
gap to be_diverted into the color filters and_eyentually to .the sensors.
Thus tH%gﬁﬁ?Eeﬁ?gggaFgé§QQQQ4%ﬂﬁ YRR NG RgPoRe h@ﬂﬁ%&ﬁOQMﬂigh?$assing
t hrough the gap (henceforth "pixel loss") is substantially reduced.

an array. Ffor example, the offset may be greater for

pixels located at the outer portion of the array. The
offset may be in the same lateral direction as the
incident light to optimize reception of light by the
first light guide. For incident light arriving at a
nonzero angle relative to the vertical axis, offset
second light guides 130 pass on more light to the first
light guides 116. Effectively second light guide 130 and
first light guide 116 together conétitute a light guide
that takes different vertical cross-section shapes at
different pixels. The shape i1s optimized to the incident

light ray angle at each pixel.

Figs. 5 and 6B illustrate ray tracing for a pixel at
the center of an array and at a corner of the array,
respectively. In Fig. 5, incident light rays come in
vertically. The second light guides 130 are centered to
the first light guides 116. Both light rays a and b
reflect once within the second light guide 130 then enter

the first light guide 116, reflects once (ray a) or twice



Li ght incident upon a gap between two translucent regions of higher
refractive indices becone diverted to one or the other when the gap is

suffici enwbyponzoon®e. i nparticular, |ight incident upon @&oTaBLOOgeE1set ween
two color filters diverts to one colaow filter or the other when the gap
width is sufficiently small. Figure 3A shows a vertical gap between two

color filter regions filled with a |ower refractive index_nmedium e.g. air.
I nci derdtt@¥% dght Y st ePPh§rt FENGEF Sdmd BHrlet bire: si dBWALP -t REm t he ot her
is diverted towards and into the fornmer, whereas the rest are diverted

t owar d$handdanmd t heghtit get deFi gdde 23B sHolge welvef tloait s1gpacedvaiye

wavel ength apart. Wavefronts travel at slower speed in higher refractive

i ndex medinurbhd rcdhisr examphe thea69! emifdd ties hewhngsanhiendextn of
approximately 1.6. Thus the spaci ng between wavefronts in the gap, assum ng

air fillieht 13818 thESHt B8heQl ibN& CR And 114 €F, oF €54l bhRg el Ryt he bending
of wavefronts dat the interface between the color filter and air gap and

causi ng t | i yS ivert into the color_filter, ;Figure is a
O pros et Toht e bber (o dIOnG & ettt tal LRt o I

graph o ower along a v he air gap

diVide%ﬁ@’éig%grEiéEWéliig?tthwgégggg light guide 130, hits
and penetrates the lower-left sidewall of the same,
enters the first light guide 116, and finally reaches
conversion unit 102. The offset is such that the first
light guide 116 recaptures the light raythat exits lower-
left sidewall of second light guide 130. At each
crossing of licght guide sidewall, whether exiting the
second light guide or entering the first light guide,
light ray ¢ refracts in a way that the refracted ray’s
angle to the vertical axis becomes less each time,
enhancing propagation towards the photoelectric
conversion unif. Thus, having a light guide built from a
first light guide 116 and a second light guide 130 allows
the vertical cross-section shape of the light guide to
vary from pixel to pixel to optimize for passing light to

the photoelectric conversion unit 102.

Building a light guide from two separate light guides

116, 130 has a second advantage of reducing the etch



versus a distance z . As shown by Fig. 3C, I|ight power decreases deeper
into the gap for different gap widths, nore rapidly for |esser gap w dths
on t he orOr200f00d¥¢ wavel engt h and converges to be esseRCIAB20I/MwdIS gi bl e
for a gap wdth of 0 .4 tines wavelength or less at a depth of 1.5 tines
wavel ength. FromFig. 3C, it is preferable to have a depth equal to at
least 1 tinmes the wavel ength of the | ongest wavel ength of interest, which
is 650mMerEht APy emobdildemt foride viE6bl &3Pi ghConmegriesansor .sidet hi s
depth, the percentage of |ight power incident upon the gap and lost to the
space fwiilheslbekownghencefrartdl "gap dokseyel bilgess tHwndh%edhe col or
filter thus needs to have thickness at least 1 tine the wavelength in order

to filter ynshdeaield GpnterdNo, £ hei gaPgLO RN guert-1unfildered Iight from
passing on to light guides 130, 114 and eventually to the conversion unit

102. If,;th ap is filled with a.tra rent dium.ot her_than air, with
refract%%%g% dg% ﬁ&&& 3 fQﬁaiﬁﬁﬁn%ﬁggﬁgﬁgrngﬁémbggﬁﬁﬂnﬁfﬁﬁékito narr ow
to 0.45unm n gap or. l.ess, since effectively distances in terns of wavel ength
remai ns"RR S8R SBHDehIA IR ikt ntesdare sediéd By 19aVGd . Referring

to Figure 3C, for red |ight of wavel ength
light to scatter from the light guide upon encountering

the keyholes.

Color filters 114B, 114G are located above the second
light guides 130. The sidewall upper portion at and
adjacent to the color filters is more vertical than the

rest of second lightguide.

First air-gap 422 between the color filters has a
width of 0.45um or less, and a depth of 0.6um or greater.
An air gap with the dimensional limitations cited above
causes the light within the gap to be diverted into the
color filters and eventually to the sensors. Thus the
percentage loss of light impinging on the pixel due to
passing through the gap (henceforth “pixel loss”) is

substantially reduced.

Light incident upon a gap between two translucent
regions of higher refractive indices become diverted to

one or the other when the gap is sufficiently narrow. 1In



in air of 650nm at a depth of 0.65um (i.e. 1.0 time wavelength in air) the
gap power flux attenuates to 0.15 (15% for a gap width of 0.6 tine

wavel engtwoi2ntizionivei . e. 0. 39um Attenuati on reaches maxiPcwmBzm9/evéaasnd | um
of depth. Attenuation is steeper w thisdepth for shorter wavel engths . Figure
3D shows the gap | oss versus gap wdth Wfor 3 colors - blue at 450nm

wavel ength, green at 550nm and red at 65 Onm at depths of 0 .6umand 1
.Qum  respectuVvelry. 1Eghta ideptderdf dporOum 2he bephestwgam [toss anmong the 3
colors and the maxi mal gap | oss for gap widths of 0 .2umto O .5um are

pl ottedcdToFi BULLeBE qiRRUPSDH agdd Nsd1gapiM del bs takulated in Figure
3F. In Figure 3G gap area as percentages of pixel areas is tabul ated

agai nst_pi xe i ap W : qﬁg: t erc area) in the
tabl e 6yﬂégg%hgcé§§ %Eﬁ¥%pﬁ%aﬁ%éﬁ%§% e %%r%%%%ghdiﬁg%@%%hgﬁpentry (1.e.
gap loss) to give pi.xel. 1oss as tabul ated if Fi%u 3H. Fi,gure 31 plots

pi xel | VYT eFsUSTpical FHH IOt 1557 Rt Gap &ﬁgﬁﬁérﬁﬁﬁéqﬁ)fron1o . 2um
to O .5um_Fig. 31 shows that keeping gap w dth below 0.4 5um would result
in | essTihbpdgwd phxal Heser grefpia@ipe tepdex medium, e.g. air.

Incident light rays entering the gap and nearer one
sidewall than the other is diverted towards and into the
former, whereas the rest are diverted towards and into
the latter. Figure 3B shows wavefronts spaced one
wavelength apart. Wavefronts travel at slower speed in
higher refractive index medium, in this example the color
filter having an index n of approximately 1.6. Thus the
spacing between wavefronts in the gap, assuming air
filled, is 1.6 times that of the color filter, resulting
in the bending of wavefronts at the interface between the
color filter and air gap and causing the light rays to
divert into the color filter. Figure 3C is a graph of
propagated light power P(z) along a vertical axis z of
the air gap divided by the incident light power P(0)
versus a distance z. As shown by Fig. 3C, light power
decreases deeper into the gap for different gap widths,
more rapldly for lesser gap widths on the order of one
wavelength and converges to be essentially negligible for

a gap width of 0.4 times wavelength or less at a depth of



between 1 .8umand 2 .8um the range of pixel sizes for conpact canmeras and
canera phones - for color filter thickness of I.Qum For less than 3% a
gap w dt WPePowool985um i s needed; for |ess than 1.5% aPgagBuoYote14sel ow O
.3um and for less than 0.5% a gap wi%th bel ow 0.25um Fig. 31 al so shows
that pixel loss is |ess for bigger pixels given the sane gap width. Thus
for pixels |argerthan 5um the above guidelines result in at |east halving
t he pi xkl 5| bsmesRebeeldiengttto FilguwrrsF2gandCh agails, drefierabeartehat the
first air-gap 422 prevents crosstalk fromthe color filter of one pixel to

an adj aggnt pi webthy ciciiar il geflegsston. tThus the eelwsididtierst 114B, 114G
each functions li ke a |ight guide. Together, the color filter, the second

light gude; oaRd stheafidnsinddrght £ guh derabengyhaynd i dg i &5 are cascaded
together to capture incident |ight and convey to the photoel ectric

conver sipon_uni 02 whi l inimzing | oss, and_crosstal k. Unljke prior art
whi ch uéﬁésnSFQP%ﬁgﬁﬁg g%#ﬁ%ﬂﬁl%b%g?b'ﬁahﬁa P@gﬁeﬁﬁﬁﬁ?%blgp:filters to
reduce crosstal k, at the expense of IoslngFIight t hat i npinging on such

val |'s, EReStreBthai th§apareHedTeves neglEgPRIETgdpick by i Yert i ng

the gap and lost to the space further below (henceforth
“gap loss”) is less than 15%. The color filter thus
needs to have thickness at least 1 time the wavelength in
order to filter incident light entering the gap to
prevent unfiltered light from passing on to light guides
130, 114 and eventually to the conversion unit 102. If
the gap is filled with a transparent medium other than
air, with refractive index ng,p > 1.0, then presumably the
gap would need to narrow to 0.45um/ng, or less, since
effectively distances in terms of wavelength remains the

same but absolute distances are scaled by 1/nggy.

Referring to Figure 3C, for red light of wavelength
in air of 650nm, at a depth of 0.65um (i.e. 1.0 time
wavelength in air) the gap power flux attenuates to 0.15
(15%) for a gap width of 0.6 time wavelength in air, i.e.
0.3%um. Attenuation reaches maximum at around lum of
depth. Attenuation is steeper with depth feor shorter

wavelengths.



light to the nearest color filter. And since there is no underlying
flattening | ayer below the color filters that bridges between adjacent

| i ght guiwle=xoiidoeissn prior art (see Figure |IB), the assecraBmd/eocosst al k is
also elimnated. Air interface may catti nue fromthe color filter sidewall
al ong the second |ight guide sidewall and end above protection film 410,
creating a second airagap 424. The air interface between second air gap 424

and the sedord T ghP §lrHe IB6 SRPAN@T ifRePnal IRR Véetroll £6F the second

i ght guide 130. A protection film 410 may be forned above insul ating | ayer
110 ofcelpreonbaiter iade 450 e lab@bhi geean iadnd Fmom gerdi vgdinto the
silicon. Alkali nmetal ions, comonly found in color filter materials, can
cause ainstabhh-tyt BB raahsl stansan®r ot ecti, orefsdenikt:laf so keeps out
noi sture. The protection film 410 nmay be nmade of silicon nitride (Si 3N4) of

thi ckngss belwoen 10 Q00 ANOSIHONR: gRdst, 09D ABGS! aiEng Pirel egably 7,000
Angstrons. If either first light guide 116 or second |ight guide 130 is

made of o LLLCGN ki I8 18 PE88CALENSLL! 410 hieh d 4 ospd of silicon

to 0.b5um are plotted in Figure 3E. Gap loss against gap

width is tabulated in Figure 3F. In Figure 3G, gap area

as percentages of pixel areas 1s tabulated against pixel

pitch and gap width. Each entry (percentage gap area) in

the table of Fig. 3G is multiplied with the corresponding

column entry (i.e. gap loss) to give pixel loss as

tabulated in Figure 3H. Figure 31 plots pixel loss

versus pixel pitch for different gap widths ranging from

0.2um to 0.5um.

Fig. 3I shows that keeping gap width below 0.45um
would result in less than 8% pixel loss for pixel pitch
between 1.8um and 2.8um—-—-the range of pixel sizes for
compact cameras and camera phones——for color filter
thickness of 1.0um. For less than 3%, a gap width below
0.35um is needed; for less than 1.5%, a gap width below
0.3um; and for less than 0.5%, a gap width below 0.25um.
Fig. 3T also shows that pixel loss is less for bigger

pixels given the same gap width. Thus for pixels larger



continuous across and above the insulating |ayer 110 to seal the
transistors fromalkali netal ions and noisture. If both first 116 and
second 13M01204019ai des are not nade of silicon nitridePCTAB2099/606d4% | on
film 110 may cover the top surface of2lthe first light guide 116 to provide
simlar sealing or, alternatively, cover the sidewalls and bottom of first
| i ght gui de 116. Flrst 422 and second 424 air gaps together form a

connect edappénimg the a@lrowbovel dhbinep sertdde iof athdiammfe sehgbng Vi ewi ng
this in another way, there exists a continuous air interface fromthe
protectiths pikemi4l1dgo the top surfaces of the color filters 114B, 114G In
particular, there is an air-gap between the top surfaces 430 of the pixels.
The exi stence of this opening during manufacture all ows waste materials

formed duri mgetberfapmicrg mfgdidste add gapadd2nandtseeond «air tgap: 424 to be
removed during the manufacture of the image sensor. If for sone reason t he

first atﬁeggﬁr%%zlﬁ%ﬁ&.&ﬁ e&’zé“ﬁ?@%ﬁ%' £r %' 'ﬁ%&mﬁg;ﬁcﬂg% 8:[ this

pl ug materi sho ractive in or filter
gﬁ;ez:?l ?gathat gp%%%?%%§¥hf%lntergjacgg%l%?QéT1B%tJH{E£#QICO|Or filter,
reflection. Thus the color filterxrs 114B, 114G each
functions like a light guide. Together, the color
filter, the second light guide, and the first light guide
along ray a in Figure 5 are cascaded together to capture
incident light and convey to the photoelectric conversion
unit 102 while minimizing loss and crosstalk. Unlike
prior art which uses metal walls or light absorbing walls
between color filters to reduce crosstalk, at the expense
of losing light that impinging on such walls, the first
air-gap 422 achieves negligible gap loss by diverting
light to the nearest color filter. And since there is no
underlying flattening layer below the color filters fhat
bridges between adjacent light guides like in prior art
(see Figure 1B), the associated crosstalk is also

eliminated.

Air interface may continue from the color filter
sidewall along the second light guide sidewall and end

above protection film 410, creating a second air gap 424.



the air-gap 422 is diverted into the color filters 114B, 114G Likewse if
sone fill material fills the second air gap 424, this fill material needs
to have awbawawvoonwbr acti ve i ndex than the second |ight @uirdB200®06180get her
the color filter 114 and |ight gui des22130 and 116 constitute a "cascaded

|'i ght guide" that guides light to the photoel ectric conversion unit 102 by
utilizing total internal reflection at the interfaces with external nedia
such asTh#ealnsimbesfateobandesin sppmd2@iandar2424Uanickéeheri or art
constructions, lightthat enters the color filter does not cross over to the
col or féé¢@mdoii@he gextiepibéd ditarcasrs onhye prneapagatre edowont ddrhe second

| i ght guide 130. This makes it unnecessary to have a m crol ens above to

focusIﬂﬁgnsé@bﬁaelggﬁte@dyaéfyggner area to prevent light ray passing
out froma color filter of a pixel to an adjacent pixel. Doing away wth

m crolens has a benefit of elimnating the aforenentioned problem of

al i gnment ey g5 et ween, nk EBJ%Q@ %@‘bedé&fﬁbéQQtlﬁéglgéHﬁ

s
crosstalk, in‘addition to omerlng nuf acturi ng costs nent?oned

bef ore., &, casepded: | Lobt cau! dg furiber, Mol do.Ap ag¥antagR e Jrd o7 At

from getting into the silicon. Alkalli metal ions,
commonly found in color filter materials, can cause
instability in MOS transistors. Protection film 410 also
keeps out moisture. The protection film 410 may be made
of silicon nitride (Si3N4) of thickness between 10,000
Angstroms and 4,000 Angstroms, preferably 7,000
Angstroms. If either first light guide 116 or second
light guide 130 is made of silicon nitride, the
protection film 410 which is formed of silicon nitride is
continuous across and above the insulating layer 110 to
seal the transistors from alkali metal ions and moisture.
If both first 116 and second 130 light guides are not
made of silicon nitride, the protection film 110 may
cover the top surface of the first light guide 116 to
provide similar sealing or, alternatively, cover the

sidewalls and bottom of first light guide 116.

First 422 and second 424 air gaps together form a

connected opening to air above the top surface of the



material between color filters in that incident light falling into the
first air gap 422 between color filters 114B and 114G is diverted to either
one, thuswoaolivghtoéi s | ost, unlike prior art pixels whereTliBziod/0ies4d ost to
t he opaque walls between the filters.23An advantage of this color filter
form ng nethod over prior art nmethods is that the color filter sidewall is
not defined by the photoresist and dye materials constituting the col or
filtersimdgepsensoart ¥dkerinfy |thelrs fior nemgthethedy, thereoleridtister forned
must produce straight sidewalls after devel opi ng. Thisrequirenent places a

limt op ¢becselhecki an rofinphatiresi stomngndygroateriahn Facause ¢ he dye nust
not absorb light to which the photoresist is sensitive, otherw se the

bottomal {he OLOLLELLEL Wi lHeceius: | espeLight; sresulitiqiy iy, col or

filter I's narrower at its bottomthan 1ts top. e present col or
filter forninﬁ met h g.forns t he col or figtgr sidggal% gy t he. pocket 210
et ched Hhtb'¢ %agapg FESF PB4 and? Wt P el §FPRg "o e SHract®ii stics of
the color filter material or the accuracy of lithography, resulting in a
cheaper? ¥ oebsghe pixels. The existence of this opening during

manufacture allows waste materials formed during the

forming of first air gap 422 and second air gap 424 to be

removed during the manufacture of the image sensor. If

for some reason the first air-gap 422 is sealed

subsequently using some plug material, this plug material

should have a refractive index lower than the color

filter material so that (i) there is internal reflection

within the color filter, and (ii) light incident within

the air-gap 422 is diverted into the color filters 114B,

114G. Likewise if some fill material fills the second

alr gap 424, this fill material needs to have a lower

refractive index than the second light guide 130.

Together, the color filter 114 and light guides 130
and 116 constitute a “cascaded light guide” that guides
light to the photoelectric conversion unit 102 by
utilizing total internal reflection at the interfaces
with external media such as the insulator 110 and air

gaps 422 and 424. Unlike prior art constructions, light



Anot her advantage over prior art color filter form ng nethods is that gap
spacing control is uniformbetween all pixels, and highly accurate at | ow
cost. Herwpwheogep spacing is a conbination of the |i necniB009/his14she
single lithography step that etches t¥#e openings in the support film plus
the control of sideway etching during dry etch, both easily controlled

uni formed and highly accurately w thout adding cost. |If such gaps were to
be creatleslt bgnpeaei ngpe3 codalrorf flidderdoof dotf erest ooleor $catt!3: di f f er ent

| it hography steps as in the prior arts, uniformty of gap widths is

di fficutd1iort helkktchegr aphy sians peeonepexpensi vel yapdcp | profile
control becones even nore stringent. A cascaded |ight guide wherein a color

filter dddhand ankl ghic o da A0 Aread o gBd | nkleysams anening in the

support encefort i gned casca I'i ght guide") has an
advantage over prior art in that there is no m sallignnent, t ween the col or
fi 1 ter Trdeiae PRy Erghe g eks Lote SRPOP FRI COP F14 YRS Siieval | s ¢ hat
self-align to sidewalls of the I|ight guide 130. Figures 4A-L show a process
for forthagcantenbedi e RxalharemgeC seASBENENLS Iy &t 1R SSTHT | nage

sensor nay
out from a color filter of a pixel to an adjacent pixel.

Doing away with microlens has a benefit of eliminating
the aforementioned problem of alignment error between
microlens and color filter that can cause crosstalk, in

addition to lowering manufacturing costs.

As mentioned before, a cascaded light guide further
holds an advantage over prior art that uses opaque wall
material between color filters.in that incident light
falling into the first air gap 422 between color filters
114B and 114G is diverted to either one, thus no light is
lost, unlike prior art pixels where light is lost to the

opagque walls between the filters.

An advantage of this color filter forming method over
prior art methods is that the color filter sidewall is
not defined by the photoresist and dye materials
constituting the color filters. 1In prior art color
filter forming methods, the color filter formed must

produce straight sidewalls after developing. This



be processed to a point where the conversion units 102 and el ectrodes 104
are formed on the silicon substrate 106 and the wires 108 are enbedded in

t he i nsulNO@P1IIIEAi al 110 as shown in Figure 4A. The i BREHIIB2099/00616 may be
constructed froma low refractive indx ("RI") material such as silicon
dioxide (RI=lI. 46) . The top of the insulator 110 may be flattened with a
chem cal nechani cal polishing process ("CNP"%. As shown in Figure 4B,

i nsul at feguiateenil praydse a enovied e floenseightigni ¢& openi ngs 120. The
openi ngs 120 have sloping sidewalls at an angle a. The openingsl120 nay be

f or med, phytexaspke, ausi niy<a neeetiae hotaesehithg @yl Histpredess. For
silicon oxide as the insulating material, a suitable etchant is CF4+CHF3 in

a 1:2 fLouerati 9gneaktl 6ahildh Ao, 9asc HBgeEt128mEQilsi t43QC . The si dewal |
angl e may be adjusted by adjusting the RF power between 300W and 800W at

13. 56 | S e i ti i gui. ter 122. By way
of exg$%$%g}gﬁégl?éﬁtQgﬁﬁé%pﬁ§$gg%%I8€%§£cg%ggéra%gﬁﬁig%ﬁ%ﬁﬁ?%ide t hat has
an indefﬁgf refraction of 2.0, greater th the refractive i ndex of the

Thsul at L 75° mht 6T al TEEN AT 6 | SOMIE o UbSTREBPE 4g) Narrowsr at

its bottom than its top. The present color filter
forming method forms the color filter sidewall by the
pocket 210 etched into the support film 134 and not
relying on the characteristics of the color filter
material or the accuracy of lithography, resulting in a

cheaper process.

Another advantage over prior art color filter forming
methods is that gap spacing control is uniform between
all pixels, and highly accurate at low cost. Here, the
gap spacing 1s a combination of the line-width in the
single lithography step that etches the openings in the
support film, plus the control of sideway etching during
dry etch, both easily controlled uniformed and highly
accurately without adding cost. If such gaps were to be
created by placing 3 .color filters of different colors at
3 different lithography steps as in the prior arts,

uniformity of gap widths is difficult, the lithography



Additionally, silicon nitride provides a diffusion barrier against H20 and
al kali nmetal ions. The |light guide material can be added for exanple by

pl asma erNaroadoctyen cal vapor deposition ("PECVD'). Thecrimgin9/gsiee
material may be etched down to | eave & thinner and flatter protection film
410 to cover the insulator and seal the conversion unit 102, gate 104, and
el ectrodes 108 agai nst H20O and al kali netal i1ions during the subsequent
processebepAl becnaki vedpgndifve heafidir sideivghi guiode lmatemitatol122 is not
silicon nitride, a silicon nitride filmmay b e deposited on top of |ight

gui de npéebinak b2nafdeate ateigdhedown of the latter toflatten the top
surface, to forma protection film 410 that seals the conversion unit 102,

gate 104, and el ectrodes 108 agai nst H20O and al kali netal ions. The

protection film4dfaamy1bgnbeiymen hD00: Angstroas &rd 4,000 4Angg] rons
thick, preferably 7,000 Angstronms. A shown in Figure 4D a support film 134

is forned o] £, t illco LLnide. e port._ f.i . y be
sili corqgoilgggtcdgblg%et géozygﬁgﬁoﬁ%éi ?§ Eﬁgsﬁ%&{l I%Iﬁf‘”’r}lrlénl l_r]ﬁ’é?%%re 4E, the
support LLLM Lo Shhed o, arm ppen) nag, , Tng, onenings, may, o] Hde si deval Is
guide”) has an advantage over prior art in that there is
no misalignment between the color filter 114 and the

light guide 130. The color filter 114 has sidewalls that

self-align to sidewalls of the light guide 130.

Figures 4A-L show a process for forming an embodiment
of the image sensor this invention. The image sensor may
be processed to a point where the conversion units 102
and electrodes 104 are formed on the silicon substfate
106 and the wires 108 are embedded in the insulator
material 110 as shown in Figure 4A. The insulator 110
may be constructed from a low refractive index (“RI”)
material such as silicon dioxide (RI=1.46). The top of
the insulator 110 may be flattened with a chemical

mechanical polishing process ("CMP").

As shown in Figure 4B, insulating material may be
removed to form light guide openings 120. The openings

120 have sloping sidewalls at an angle o. The openings



sl ope at an angle b. The angle b is selected so that b <9 0 - asin(l / n 2
| ight guide) , where n2i ight guide i s the index o f refraction of the
second | iwbtooguiodmemat eri al 130, such that there is a tecaliB2oob/erens
reflection within the second |ight guw’des 130. Incorporating two separate

| i ghts gui des reduces the etching depth for each |ight guide. Consequently,
sl ope side wall etching is easier to achieve wth higher accuracy. The
suppor t130 Imag3keandrsedondyl isglammis dess 189 smyebetnwmee iforom t he sane
materials and with the sanme processes as the insulating layer 110 and first
light guiclesndl@rrrespesiioelgs As mhowniincbhgox4Bet e sihdewal | may have a
vertical portion and a sloped portion. The vertical portion and sl oped

porti Omr?%lgﬁiaghin%\&%%m,c%wﬂgaﬁb@ SLChhRY ¢hemrstEyroriPlasm
conditions during the etching process. The etch recipe during the vertical
portio is selected _to.be avq&able for forningzghg‘%%;ti Csidewal

gich t . df er
162, then” swtehéd ﬁS'acéégﬁﬁé fdvorapr’s ¥or 16 mng the %

sldped” si‘dewal | .
Figure 4F shows the addition of light guide material. By way of exanple,
the |ighte gaidevaaternglecaitbda FHIVEbRAInPYr peUEERSS (8F BFr exanpl e by

pl asma enhanced
power between 300W and 800W at 13.56MHz.

Figure 4C shows the addition of light guide material
122. By way of example, the light guide material 122 can
be a silicon nitride that has an index of refraction of
2.0, greater than the refractive index of the insulating
material 110 (e.g. silicon oxide, RI=1.46).
Additiocnally, silicon nitride provides a diffusion
barrier against H,0 and alkali metal ions. The light
guide material can be added for example by plasma

enhanced chemical vapor deposition ("PECVD").

The light guide material may be etched down to leave
a thinner and flatter protection film 410 to cover the
insulator and seal the conversion unit 102, gate 104, and
electrodes 108 against H,O0 and alkali metal ions during
the subsequent processes. Alternatively, if the first
light guide material 122 is not silicon nitride, a
silicon nitride film may be deposited on top of light

guide material 122 after an etch-down of the latter +to



chem cal vapor deposition ("PECVD') . Figure AG shows each second |ight
gui de 130 has a pocket 210. The pockets 210 are separated by a support wall
212, bei ngopartooofdet he support film 134. Pocket 210 rnay Po@/1Bmosvewh1isy
etching down |ight guide naterial to 8xpose the wall 212 and further till
the top surface of light guide is below the top surface of the wall 212 by
between 0 .6umto 1.2um As shown in Fig. 4H, a color filmmterial 114B
havi ng &laparen cthar topl eurfagre,exanpferthl aeporteagentna forlnyel 1w, may be
applied to fill the pockets 210 andextends above the support film 134. In

this exapt esebhe €8kooMmilardiadn Mayitcontaj nghtueidye. agel or filter
material is nay be made of negative photoresist, which forns pol yners that

when expps ré@e%i %g BeCAmRs: 1NEoLUY &Ly r}h@%&ie%ﬁg.de%@per- A mask
ove W t

(not shown) 1s place r the raterial 114B openi ngs to expose areas

that are to remain_while the rest i.s etched lor filter terial
used may* %B?T%ﬁg% Fﬁ%?#@ I5ar tsqecl%est"i’%‘?%r %g\é\@égd%ﬁesrté:ioﬁn % haar)t&ﬁave
dianeters |l ess than a small fraction, for instance a quarter, of the

wavel ent $20 AngRETPIGh T N terf 2 P ph¥s’ t APBuGRISESPTS -

A shown in Figure 4D a support film 134 is formed on
top of the silicon’nitride. The support film 134 may be

silicon oxide deposited by High Density Plasma (“HDP”).

In Figure 4E, the support film is etched to form
openings. The openings may include sidewalls 136 that
slope at an angle RB. The angle B 1s selected so that B <
90 - asin(l / n21ignt guide) r Where n2iignt guice 1S the index of
refraction of the second light guide material 130, such
that there is a total internal reflection within the
second light guides 130. Incorporating two separate
lights guides reduces the etching depth for each light
guide. Consequently, slope side wall etching is easier
to achieve with higher accuracy. The support film 134
and second light guides 130 may be made from the same
materials and with the same processes as the insulating

layer 110 and first light guides 116, respectively.



i nstance, zirconium oxi de and tantal um oxide particles of dianeters |ess
than | OOnm nmay be m xed in the blue color filter of this exanple. Particles
of i norgampeonmwersal s that are transparent to the interdedBmod/oociesnd have
hi gh refractive index, preferably abae 1.9, can increase the overal
refractive index of the color filter to enhance sidewall interna

reflection of the color filters used in this invention. Figure 41 shows the
i mge sensorAsafdterwit hien eFthi. ndEstcep. sThiewaldc essy caamvbear gepeétiedwi th a
different color material such as green or red to create color filters for

di ffereptrpi el sna@sasbowpdd JdGiién 4. THEevéast ca0l poratiend alnappl i ed
fills the remaining pockets thus requires no nask step. In other

10,
de. . . _ ¥ f
Lo expon e o R B A g 0 e A e step.
the last, color filter.forns a filmthat overla 8 all pi.xel s, including
pi xel s %ﬁe%%ﬁé¥yc8FoP%?s¥ﬁb‘3 éﬁEﬁPQﬁ ?%ﬁl?%sg EofSF % er on ot her

pi xels is renoved during a subsequent color filter etch-down process shown
i n Fi gUPECARSS Ref EPRi £ o T YRe WMT12%hetPBCKEES 1280 POGHIRE an

etch is selected to be favorable for forming the vertical
sidewall 162, then switched to a recipe favorable for

forming the sloped sidewall.

Figure 4F shows the addition of light guide material.
By way of example, the light guide material can be a
silicon nitride deposited for example by plasma enhanced

chemical vapor deposition ("PECVD").

Figure 4G shows each second light guide 130 has a
pocket 210. The pockets 210 are separated by a support
wall 212, being part of the support film 134. Pocket 210
may be formed by etching down light guide material to
expose the wall 212 and further till the top surface of
light guide is below the top surface of the wall 212 by

between O0.6um to 1.2um.

As shown in Fig. 4H, a color film material 114B
having a particular color, for example blue or magenta or

vellow, may be applied to fill the pockets 210 and



self-alignment feature to self-align the color filter material wth the
second |ight guide 130. The pockets 210 nmay be wi der than the correspondi ng
mask operwogsii/boisseduce the thickness of the support waCl/iRARI/H@48an
desired second |ight guide opening fol a given pixel pitch, the pressure in
t he plasma chanber nmay be increased to enhance sideway (i.e. isotropic)
etch (by increasing ion scattering) to undercut the mask. As shown in

Fi gur e ef d1hds cabbovef theepsphbidB, 4G lai4. et Thethdswaxbopérposerd he
support wall 212, being part of the support film 134. A portion of the

suppor tcdlidMrdBde  Sal hgayr esbved mpishowyé N Feguse 4hiserthat there is an
air/material interface for the color filtersl114B, 114G A further portion

f th f] 4 i poEi .50 that th
0 en?&%él_i%”%\%ge?gg)ﬁa% ro%V%%@fvéhﬂﬂgﬁbPeEthCewﬁhﬁo a ere

is an air eria ce for the second t guirde 130 to further aid
intern reflection by allowng light rays close 0 the perpendiculars to
the i nterface’ %ﬁﬁ%rﬁ%a%omkﬁ%lﬁ FHal rEﬁILﬁ??%nge?ﬁgeFirst gap 422 has a
width sufficiently smal]l, 0.45umor _less, so that incident red |Iight and
light oM3@58RtewaveR eRBPRSTFRBISTYIRY ¢ HIRPE he BiP8BKgapoA22lid™diverted to

either color filter 114B or
is placed over the material 114B with openings to expose

areas that are to remain while the rest is etched away.

Color filter material used may comprise inorganic
particles interspersed therein that have diameters less
than a small fraction, for instance a quarter, of the
wavelengths of the light permitted to pass through. For
instance, zirconium oxide and tantalum oxide particles of
diameters less than 100nm may be mixed in the blue color
filter of this example. Particles of inorganic materials
that are transparent to the intended color and have high
refractive index, preferably above 1.9, can increase the
overall refractive index of the color filter to enhance
sidewall internal reflection of the color filters used in

this invention.

Figure 4I shows the image sensor after the etching
step. The process can be repeated with a different color
material such as green or red to create color filters for

different pixels as shown in Figure 4J. The last color



114G thus inproving |light reception. Light internally reflects along the
color filters 114B, 114G and |ight guides 130 and 116. The color filters
114B, lla&oheau@oadkhi gher refractive index than air so tirat/1Ble/cwhex
filters 114B, 114G provides internal 3eflection. Likew se, the second |ight
gui de 130 may have an air interface which inproves the internal reflection
properties of the guide. If the support film 134 is not conpletely renoved,
as | ongrazthel sappoiedf fimlisashe |mamrinefigapocketsndd®, (e&hgs silicon
oxide, 1.46) than the light guide material (e.g. silicon nitride, 2.0), the

i nt er f acaybetaeenct hassxeeord .l i gt Girdsle vl@ﬁd@ﬂdekb@s&lﬂ@p(lrigﬁ’d I m 134 has
good internal reflection. Figure 16 shows an alternate enbodi nent where the

SUPPOT tnUGE | BbobeLueen s RYAN9ecad LT bhagyi deg130 S

onlypartially renoved. Likew se, the 1nt etween the first |ight

gui de 11 nd the first . insulatar, film enj oys good internal reflection
Fi gure e;<6plcgs%r? oghsi %%s%: hg\ﬁilir?ﬁ f%&ulrtepq xéjﬂﬁm Z%th)e%%’ WgeﬁleXel bé(lffrlz%? For

enbodi nents that include both first and second I|ight %uides the area B may
be t he HteddFet heCBecthE Litght Uide toptetr faEBSapdTiR® &84 C represents

the area of
overlaps all pixels, including pixels of other colors.

The overlap of the last color filter on other pixels is
removed during a subsequent color filter etch-down

process shown in Figure 4K.

Referring to Figure 4G, the pockets 210 provide an
self-alignment feature to self-align the color filter
material with the second light guide 130. The pockets
210 may be wider than the corresponding mask openings.
To reduce the thickness of the support wall 212 for an
desired second light guide opening for a given pixel
pitch, the pressure in the plasma chamber may be
increased to enhance sideway (i.e. isotropic) etch (by

increasing ion scattering) to undercut the mask.

As shown in Figure 4K the color filters 114B, 114G
are etched down to expose the support wall 212, being
part of the support film 134. A portion of the support
film 134 is then removed as shown in Figure 4L so that

there is an air/material interface for the color filters



the first light guide bottom surface. The area A minus the area B may be
the area of the first air gap 422 between color filters. Figure 17 shows an
al t er nat evORBUdIOhE®At where the support film 134 is onlyPpaAB204Y/PY6148emoved
bet ween adj acent color filters 114B, 314G The gap unfilled by support film
preferably has a depth of O .6umor greater and a wdth of 0.4 5umor |ess.
The depth may be reduced to 0.4umif the overall refractive index of the
col or fil4Br ha#eéri aP it egsedt kbovel 1LBe Soppiorst dridleén by34 nt er sper si ng
particles made of transparent material that has a refractive index of 1.9
or aboveaynbanrafibued = MWHaowh the Dvetaél 4f.ebpathiave thedex it dn 7~1. 8 or
above. Figure 18 shows an alternate enbodi nent where opposite sidewalls of

each cohor/fhtEer 2ar @ Q- Sidai gt and yeebheahs ght iisexaml €, opposite
sidewal I s fromadj acent color filters 114B, 114G sandw ch a portion o f the

support fi 134.i,n.such p f.il ; wi der width
at one 5%ﬁ%ﬁ%%h%ﬁda€%§%3§kgmgﬁéi%%t%§$h8?h?g&%ﬁgggﬁFé%ﬁgﬂgﬁgﬁ%port film
134 exerts a downward force on each of the color filters 114B,- 114G to
hol d t heledfsr tPi ILtsr ?qjﬁ?epﬂ(%c D13 Rgste ng%v?ﬁéjeé&a&e £ Uhddrao

total internal reflection. The first gap 422 has a width
sufficiently small, 0.45um or less, so that incident red
light and light of lesser wavelengths impinging into the
first gap 422 is diverted to either color filter 114B or
114G, thus improving light reception. Light internally
reflects along the color filters 114B, 114G and light
guides 130 and 116. The color filters 114B, 114G have a
higher refractive index than air so that the color
filters 114B, 114G provides internal reflection.
Likewise, the second light guide 130 may have an air
interface which improves the internal reflection
properties of the guide. If the support film 134 is not
completely removed, as long as the support film has a
lower refractive index (e.g. silicon oxide, 1.46) than
the light guide material (e.g. silicon nitride, 2.0), the
interface between the second light guide 130 and the
support f£ilm 134 has good internal reflection. Figure 16
shows an alternate embodiment where the support material

between the adjacent second light guides 130 is only



filter retention. In particular, in this exanple, the support film134 is
wider at its top surface than at the deepest depth where it abuts the

adj acent wolrudiissers 114B, 114G due to the color filtecs/Bzoodsasd ng a
trapezoi dal shape fromthe top of the3support film 134 downwards . Figure
20 shows an alternate processing step to a beginning portion of the
processing step shown in Figure 4E. Unlike in Figure 4E where the pit

et ched patoisheysupporved.i ImKsS4l das Bht opnpertfror hadwegnerttd cal
sidewal I s, Figure 20 shows a processing step to initially open the pit such

that itfhastalwyHer gheticomitdhaman-wpeni Agratnkheatep. fhirs 1Mey be achi eved
by opening the pit top by anisotropic plasma etching while rotating the

waf er a&w%dgagdt hecwaten %}%ﬁéééioﬁv%‘igﬂ%_ 3 nor rgg:ta&sﬁmﬁ%wafer makes

an angle to th Irection of the incomng 1ons in the A s shown in
Figure 20, relative to.th , the incomng ions (in solid arrows and
dott ed APYEWRY LPEA Pﬁf@ﬁfﬁgﬁgtp rt ??%ﬁﬁhﬁgéﬁythe ot or esi st mask 450,
creating sidewalls that are further apart deeper into the pit. A s seen in

Fi gur e 2BPCAiBeREFoRrhef R Kipdrethi fHi et dBEn SedCacentl Hik s

guides the area B may be the area of the second light
guide top surface and the area C represents the area of
the first light guide bottom surface. The area A minus
the area B may be the area of the first air gap 422

between color filters.

Figure 17 shows an alternate embodiment where the
support film 134 is only partially removed between
adjacent color filters 114B, 114G. The gap unfilled by
support film preferably has a depth of 0.6um or greater
and a width of 0.45um or less. The depth may be reduced
to 0.4um if the overall refractive index of the color
filter material is increased above 1.5, for instance by
interspersing particles made of transparent material that
has a refractive index of 1.9 or above in an amount to

bring the overall refractive index to 1.7~1.8 or above.

Figure 18 shows an alternate embodiment where
opposite sidewalls of each color filter are not straight

and vertical. In this example, opposite sidewalls from



exhibits a necking. After a pit top having this property is created,

further

to create the renaining,

gui de.

from pi

straight.

film 1403anda.ai 1 gap
i ght guide 130. Each filter y

top of
case al

correspondi ng

processing may resune the remaining portion of the step description
i n Fi gur ewoBpii/aocisadi ng switching to the correspondi ng pCIRIREOL/00GEIS | ONS,

| ower portiod of the pit for the second |ight
In particular, sidewalls 136 of the second |ight guide is forned
bel ow a necking of the support film 134. Figure 19 shows an alternate
enbodi nedll ankete codloor fiilttears bt €Bf ol idd sandwemthes darimedn separ at el y
ts that house light guides. Color filters 114B, 114G |ike in the
al t er nat ke egb@gior@ntr il Fipurin 18uchayewsiydewak! $hehafu@serinotivarti cal
Bet ween sidewal | s of adjacent color filters are second support

A2, 4l %tf%ﬁéeﬁép%ﬂﬁ%ha%l%@ a & Kach abovg a second

ave a bottomthat 1S narrower than the

and

l.i_gh ' by b 0-05 0. h d
Ao e P B YaatH P17 BoR Lot 14 Wit AR G of the

[
steps teCYBIm the CAFePhtee @hifolli FefAt CofOF fdlders. 1PHE prbetsstes

hold the color filters in place, thus improving color
filter retention. In particular, in this example, the
support film 134 is wider at its top surface than at the
deepest depth where it abuts the adjacent color filters
114B, 114G due to the color filters each taking a
trapezoidal shape from the top of the support film 134

downwards.

Figure 20 shows an alternate processing step to a
beginning portion of the processing step shown in Figure
4E. Unlike in Figure 4E where the pit etched into the
support film 134 has a top portion having vertical
sidewalls, Figure 20 shows a processing step to initially
open the pit such that it has a wider bottom than an
opening at the top. This may be achieved by opening the
pit top by anisotropic plasma etching while rotating the
wafer and holding the wéfer at a tilt such that a normal
to the wafer makes an angle to the direction of the

incoming ions in the plasma. As shown in Figure 20,

ht gui de bel ow. Figures_21A-21D illustrate processing



simlar to Figures 4A-4G except there being no provision for a portion of
the pit to house a color filter. After second light guide film above the
support fwbreid®1i9s renoved, either by etch-down or by EEP/IBlogoeeond

| i ght guide 130 and the support film3b534 may assune the shape shown in
Figure 21A. It is, however, not necessary for both to share a flush flat
top, as the top surface of second |ight guide 130 nay be | ower or higher

t han t heeltopio¢ sappbet wkiflem,13he limadeihattens adhacedtidsecorovd i ght

gui des may be nutually connected by a thin | ayer of second light guide film

left owaid fdomtébeaetrehrsjowt o iGM? Subsequesttyrisecondesuppt film 140
is deposited. Second support film 140 may be silicon oxide or any materi al

t hat ”%c%ﬁof@é‘% dr¥ @ 288), %ﬁh%{nf'@%&@w&i%@t %H?tt 'é@t%h%u Yy MOre

sl oner “et on color filter materi o0 be use ormthe color filters
114B, 114G, A,lithography step .(not shown) forns.a photaresist mask (not
shown) Bt he ' SEROAA “CUTpGT Fiitm 1407 1TeRchBsr 4PE 8t Chied 3 nto the Ti1m
140 to result in _the structure shownin Figure 21B. Subsequently, color
filtersPIAUEN 124GEREe SPERREE T 19t dptweon | afdl g6eBEs@diUsed for Figures 4H

4K, resulting into a structure shown in Figure 21C then a
exhibits a necking. After a pit top having this property

is created, further processing may resume the remaining
portion of the step description in Figure 4E, including
switching to the corresponding plasma conditions, to
create the remaining, lower portion of the pit for the
second light guide. 1In particular, sidewalls 136 of the
second light guide is formed below a necking of the

support film 134.

Figure 19 shows an alternate embodiment where color
filters are formed in trenches formed separately from
pits that house light guides. Color filters 114B, 114G,
like in the alternate embodiment in Figure 18, have
sidewalls that are not vertical and straight. Between
sidewalls of adjacent color filters are second support
film 140 and air gap 422. Color filters 114B, 114G are
each above a second light guide 130. Bach filter may
have a bottom that is narrower than the top of second

light guide 130 by between 0.05um to 0.2um so that under



subsequent one shown in Figure 21D. Finally, an etchdown of second support
film 140 creates a gap 422 between adjacent color filters 114B, 114G |i ke
shown i n WogQurieoi®s in steps simlar to described for FipgunB20d/006fFssgure 8
shows an al ternate enbodi nent where t3e second and first |ight guides are
both etched using the same nmask after the support film 134 is fornmed, and
both filled with light guide material in one step. A process for

f abri catongtt biseabt éonaenteotimertadls Shbwari hoEtguor s 98-41irThe process
is simlar to the process shown in Figs. 4A-L, except the opening for the

first lightrguide thefl eoredsidretiddel Dgieni ggifler behewsecond light as shown
in Fig. 9F, where no additional mask is needed because the protective film
410 and the support film 134 above act as hard nmasks to bl ock etchants .

Both |ight guidasareiALbhedinnuhe 38 IR SNOWNsEBpEl §o $GrnFi gure 22
shows an al ternate enbodi nent conprising a sealing film500 above the |ight

guides 190 and.golot Likiers ddh. 114G bal oseals Als-0an 422, At gap 422

in this enrbodrnent can 'd air, nrtr n-or ot her inertgases, or any
gaseous_ned ug]tgengn%égldR:%%arggégggpéhggepgl%carbonate or acrylic or

epoxy a5 igu elng no provision
for a portion of the pit to house a color filter. After
second light guide film above the support film 134 is
removed, either by etch-down or by CMP, the second light
guide 130 and the support film 134 may assume the shape
shown in Figure 21A. It is, however, not nécessary for
both to share a flush flat top, as the top surface of
second light guide 130 may be lower or higher than the
top of support film 134. In the latter, adjacent second
light guides may be mutually connected by a thin layer of
second light guide film left over from the etch-~down or
CMP. Subseguently, second support film 140 is deposited.
Second support film 140 may be silicon oxide or any
material that may be removed by a wet etch or plasma etch
that has a 4X or more slower etch on color filter
material to be used to form the color filters 114B, 114G.
A lithography step (not shown) forms a photoresist mask
(not shown) on the second support film 140, trenches are

etched into the film 140 to result in the structure shown



conprise a plurality of layers. It may further conprise inorganic
particles, dye, or organic pignment for filtering ultra-violate |ight and/or
i nfra-redwbizghtoo1Seal i ng fil m 500 may have a refractivePCmaB200d/h@ti4s s
within 0.2 of the refractive index of37the color filter material of color
filter 114B, 114G to mnim ze reflection at the interface between col or
filter and sealing film If the refractive index of the color filters is
1.55, tihe Beahiag2iBl m 50Dseayndre Ichosemldo faveeref iadéti, ve lidtdex bet ween
1.45 and 1.65. Sealing film500 may be applied by dynam c spin coating

wher e thes wad Bhe§PiNSstapsng il 1air appraxd deteéy 569 rpmuMyd e stream of
resin is dispensed at the center of the wafer through a dispensing tip and

after the rféé@ﬂ%ﬁ'géigggggefs%% S LIEWRT 2L £PBuSUrbage dias, vl er spins

to hi gher’ spee rpmto obtain a unifornrresin thickness. The
resin may be cured by heat or, light. Alr (Qr is _sealed in gap 422
duri ng THS FspRhsPH .SE8%ﬁlﬁﬁﬁﬁl ‘%H%@é'na@l%g?zng%&j%iﬁ% ng either one
or both of dispensing and hi gh-speed %fin to pronote viscosity to prevent
resin A 9F oPeEPNRi AYPPRE Igdpstm 140 creates a gap 422 between

adjacent color filters 114B, 114G like shown in Figure 19,

in steps similar to described for Figure 4L.

Figure 8 shows an alternate embodiment where the
second and first light guides are both etched using the
same mask after the support film 134 is formed, and both
filled with light guide material in one step. A process
for fabricating this alternate embodiment is shown in
Figures 9A-M. The process is similar to the process
shown in Figs. 4A-1, except the opening for the first
light guide is formed after the opening for the second
light as shown in Fig. 9F, where no additional mask is
needed because the protective film 410 and the support
film 134 above act as hard masks to block etchants. Both

light guides are filled in the same step shown in Fig. 9G.

Figure 22 shows an alternate embodiment comprising a
sealing film 50C above the light guides 130 and color
filters 114B, 114G that seals air-gap 422. Air gap 422

in this embodiment can hold air, nitrogen or other inert



Final heating or UV cure hardens the sealing film500,and may hel p form
boundary 510 into a concave shape due to thermal expansion of air/gas in
the gap ARP.20fe1®encave fil msurface 510 hel ps to di verge/nBzogivosnssys t hat
enter into the bubble fromthe sealimg film500 and direct the rays towards
either color filter 114G or 114B. As a result, the depth for air gap 422
may be hal ved conpared wi th enbodi nent having no sealing filmb500. The

waf er rys®e, f atedngowasacdss duigdingnhi ghesperd $pilm SPér micohs of the
sealing film500 above bond pads may be renoved by any one of the known

met hodscomSeakengoflivioarshamy he appyied be apyxgrbedi ments of inmage
sensor 100 discussed in this patent application. Figure 24 shows the inage

sensor 49 pagkaged iy Rackage B00-o A covergl ass 810 ictrgfouss the imge

sensor to keep out dust and 1 ght in. t ween cover glass 810 and
I mage sen 100, _a_tr.ansparent adhesive film820 such as epoxy resin fills
t he spé%%§§éan%§ Earéd by Heat! or ?F%ﬂP?CTgégpﬁgr, e sealing film500
and the_adhesive film 820 constitute a transparent filmfilling the space
bet weent t hESEOVEr Lgitass Vard 3Rl 1 HEh ko B/ PFI LB E 2ot he- iidRige sensor 100.
I f the sealing '

Sealing film 500 may have a refractive index that is

within 0.2 of the refractive index of the color filter
material of color filter 114B, 114G to minimize
reflection at the interface between color filter and
sealing film. If the refractive index of the color
filters is 1.55, the sealing film 500 may be chosen to
have refractive index between 1.45 and 1.65. Sealing
film 500 may be applied by dynamic spin coating where the
wafer spins facing up at approximately 500 rpm while a
stream of resin is dispensed at the center of the wafer
through a dispensing tip and after the resin fluid
completely wets the wafer top surface the wafer spins to
higher speed, e.g. 3000 rpm to obtain a uniform resin
thickness. The resin may be cured by heat or UV light.
Alr (or gas) is sealed in gap 422 during the dispensing.
Heating or UV shots may be applied during either one or
both of dispensing and high-speed spin to promote
viscosity to prevent resin fluid from filling the gaps.

Final heating or UV cure hardens the sealing film 500,



filmb500 and the adhesive film 820 conprise the sane material (s), during
this curing, the adhesive film820and the sealing filmb500 can nerge

t oget her wot2otigneidhonogeneous transparent film The examrpiraBzlooossidsn Fi gure
24 is a known wafer-I|evel chip-scale 3ackage known under the trade nane
Shel | Op from Shel | Case, now Tessera. This package is seal ed from bel ow by

| oner gl ass plate 815, held to the i nage sensor 100 by epoxy 825. Inverted
ext er nand esg B38Dparferel doumidealyl \b Idonnent edl tondaget ehapraldsie835 by trace
contacts 840 at junctions 845. Junction 845 is sonetinmes referred to as a

T-j unctiOnshaweh Co8kpehs840 aF ailjupct iion tleatash. 4Ext er male | eads 830 are
coated with a protective sol der-nmask 850. Sol der-nmask 850 is a dielectric

mat er i %Oﬁ{%}? ggg%r L:g%'f'a%ei %ﬁ'oatheeslop!rseafﬂé @%eiggw%h%r nalyCantAct, and

protects t surface against corrosion. Contacts 855 are attached to

t he bottam end of ad : d are suitable for.printed circuit board
(PCB)IﬁﬁﬁﬁﬁnanQ tﬁSwﬁuggﬁﬁbggp ﬁh%u:%gi%%9n§§lﬁebﬁgrﬁg‘ by known

met hods such as solder-balls or plating, and nai be suitably sh%Ped for PCB
mount e 1 7RCEHOMA FAYRI Gorerss FitdiRardert helebosr 1ghgs9819,45-

As a result, the depth for air gap 422 may be halved
compared with embodiment having no sealing film 500. The
wafer may be faced downwards during high-speed spin.
Portions of the sealing film 500 above bond pads may be
removed by any one of the known methods. Sealing film
500 may be applied to any embodiments of image sensor 100

discussed in this patent application.

Figure 24 shows the image sensor 100 packaged in a
package 800. A cover glass 810 is above the image sensor
100 to keep out dust and let light in. Between cover
glass 810 and image sensor 100, a transparent adhesive
film 820 such as epoxy resin fills the space and is cured
by heat or UV light. Together, the sealing film 500 and
the adhesive film 820 constitute a transparent film
filling the space between the cover glass 810 and the
cclor filters of the image sensor 100. If the sealing
film 500 and the adhesive film 820 comprise the same

material (s), during this curing, the adhesive film 820



incomng |ight rays pass through only flat interfaces to enter second |ight
gui des 130. Each interface has mnimal reflection due to the smal

di f f er encwoi2nrigfn®e6t i on i ndi ces on both sides, since gl 63/TRZH9/006148
approximately 1.4 6 , epoxy 820 and s#Waling film 500, and color filters
114B, 114G between 1.45 to 1.65. Figures 10A-H show a process to expose
bond pads 214 of the inage sensor. An opening 216 may be fornmed in a first
i nsul atord netersabling fhdm cdlercam honge padggtieas isttoworien Figs. 10A-B.
A's shown in Figs. |OC-D the first light guide material 116 is applied and

a substiantd@énponti eradbplenmteriml 116 nmay be renoved, |eaving a thinner
| ayer to seal the first insulator material 110 bel ow. The support film
material 134 nay be applied and a correspondi ng opening 218 fornmed therein

as shown infH g% xiEr . sHBRnS@a0md hi-ghts guidles et e ala #80 -mBY, e appl i ed
as shown in Fig. 1 A s showmn in Fig 10H a nmaskl ess etch step may be used

to_or muan, open 09229 LAt exposes,ahe bond-pad Flee The eighant

pr ef er has a characteristi acks T'Trght “gui aterial 116 and
(20 FroRuinepTanke! A8k MRS L PnilE pRAMAELOL YN A Y 13
below by lower glass plate 815, held to the image sensor
100 by epoxy 825. Inverted external leads 830 are
electrically connected to die terminals 835 by trace
contacts 840 at junctions 845. Junction 845 is sometimes
referred to as a T-junction, and contact 840 as a T-
junction contact. External leads 830 are coated with a
protective solder-mask 850. Solder-mask 850 is a
dielectric material that electrically isolates leads 830
from external contact, and protects the lead surface
against corrosion. Contacts 855 are attached to the
bottom end of leads 830, and are suitable for printed
circuit board (PCB) mounting by known methods. Contacts

855 may be formed by known methods such as solder-balls

or plating, and may be suitably shaped for PCB mounted.

As shown in Figure 23, from above the cover glass 810,
incoming light rays pass through only flat interfaces to
enter second light guides 130. Each interface has

minimal reflection due to the small difference in



and color filter 114 (photoresist) . Dry etch in CH3F/ O2 has 5x~10x greater
etch rate on silicon nitride than on color filter or silicon oxide.Figure
11 shows w0 2eninodiosent where an antireflection (AR) staekTaBmoy/H@issy a top
AR film 236, a second AR film 234, amd a third AR film 236 covers the
conversion units 102. The anti-reflection stack inproves the transm ssion
of light fromthe first light guide 116 to the conversion units 102.°
Menber ssedfradiel R stdtkesoget bethnmeidonstsinute gayges B3B that al so bl anket
t he substrate 106, conversion units 102 and el ectrodes 104 to protect the

el enent=pdromehesigal . pel | vbartys sud Jv0i séad Bindofi gxanploe, ahide second AR
film234 may be a contact etch-stop nitride filmcomon in CMOS waf er

fabri caldqn,. 0y SLOPA Ngnt NG 10 GGl ng. o coniags hol es to prevent

over - et polysilTicon contacts ose contact holes are shallower than
source/drain contacts by typically 2,000 Angstrons. The third AR film 232

ce/ drain contacts by typically 2 000 An d AR fi1m 232
inder the gtd HLEUe 10V of PRESERR 60 MR a e i FAE T RAL rung. down

the side of the gate el ectrode 114 between the gate and the spacer (not
of the image sensor. An opening 216 may be formed in a

first insulator material 110 that covers a bond pad 214
as shown in Figs. 10A-B. As shown in Figs. 10C-D the
first light guide material 116 is applied and a
substantial portion of the material 116 may be removed,
leaving a thinner layer to seal the first insulator
material 110 below. The support film material 134 may be
applied and a corresponding opening 218 formed therein as
shown in Figs. 10E-F. The second light guide material
130 may be applied as shown in Fig. 10G. As shown in Fig.
10H a maskless etch step may be used to form an opening
220 that exposes the bond pad 214. The etchant
preferably has a characteristic that attacks light guide
material 116 and 130 (e.g. silicon nitride) faster than
the insulator material 110 and 134 (e.g. silicon oxide)
and color filter 114 (photoresist). Dry etch in CH3F/0,
has 5x~10x greater etch rate on silicon nitride than on

color filter or silicon oxide.



shown) in common deep subm cron CMOS processes, a silicide-blocking oxide
filmdeposited before contact silicidation to bl ock contact suiciding, or a
conbi nat iwo 20hiewedt, or a bl anket oxide fil m deposited atCraB2wsbiceisde- bl ock
oxi de etch that etches away all oxi de 42n areas coinciding with the bottom of
| i ght guides 116. Using an existing silicon nitride contact etch-stop film
as part of the AR stack provides cost savings. The sane contact etch-stop
filmalso fuéhctimnsll ossowp dheewbohioknthertopeniary amtinsul ator 110 for
fabrication of the light guide. Finally, the top ARfilm 236 may be forned

in the epenédigion (hR)i RS Honbkd PriPratochi ARi Aglihelepenri ng with |ight
guide material. The top AR film 236 has a |l ower refractive index than the

| i ght 1 nd fil S i r C i ndex than
the top Aﬁf?%l%?Z%gg T%%qthﬁég'gkt?}%%ffgg ﬁgéﬂagggmgﬁ%gr%r§g¥fve i ndex

t han thq)second AR f ﬁ % top AR f|§f1 g6 may b% si.l i con oxide or
silicon d%VﬁF?%?Heunﬁgﬁl é ref ract ive T ndek-abouf™ 3@ Kmﬁﬂ?zit?ﬁckness
bet ween 750 Angstrom and 2000 Angstrom preferabIX 800 Angstr%ﬂkSThe second
AR fil B4 Rayspéssion of light from the first light guide
to the conversion units 102. Members of the AR stack
together may constitute layer 230 that also blanket the
substrate 106, conversion units 102 and electrodes 104 to
protect the elements from chemical pollutants and
moisture. For example, the second AR film 234 may be a
contact etch-stop nitride film common in CMOS wafer
fabrication for stopping the oxide etching of contact
holes to prevent over-etch of polysilicon contacts whose
contact holes are shallower than source/drain contacts by
typically 2,000 Angstroms. The third AR film 232 may be
silicon oxide. This silicon oxide film may be a gate
insulating film under the gate electrode 114, or the
spacer liner oxide film that runs down the side of the
gate electrode 114 between the gate and the spacer (not
shown) in common deep submicron CMOS processes, a
silicide~blocking oxide film deposited before contact
silicidation to block contact siliciding, or a

combination thereof, or a blanket oxide film deposited

after salicide-block oxide etch that etches away all



silicon nitride (Si 3N ) having refractive index about 2.0, with a

t hi ckness between 300 Angstrom and 900 Angstrom preferably 500 Angstrom
The thir dwoRofivdom9g32 may be silicon oxide or silicon orgmiiBraogieosi& OxNy,
where 0<x<2 and 0O<y<4/3), having refr&ctive index about 1.4 6 , with a

t hi ckness between 25 Angstrom and 170 Angstrom preferably 75 Angstrom The
third AR film 232 may conprise the gate oxide under the gate 104 and above
t he substid¢ eil08refsFicguimnei2linqaaristiovirne nbéLgomeod afi gt toed dStsat es
Application 61/009, 454. The third AR film 232 may further conprise gate

liner oxiele assshewani :Fisgingy Fiofidde saneidal tenralel wrdhastddprd AR
film232 may be forned by a bl anket silicon oxi de deposition everymhere on

the wafgf; Iﬁ‘fé§rp§r§ab'fc der Qlé)cé‘tdaf‘éIEbe NES éé%'tc's%%%g‘f%c de 64,

gat e- Ilner oxl de b5, an gat eoxl vvn In Fi gure Unlted St at es

Application 61/009, 454 by usi n sal cid ck- et ving a mask
openi ng” %%?n%?%g t etﬁ%tﬁé ??gﬁ?nagF8851%€ rg%%?Zﬁhq-reflectlon
structure shown |n Fig 11 can be fabrlcated by first forming the third AR
film232tanhet héhgeeaﬁ@lm i mssl pver the StbsfrRrdcatdspedd vely. The

the light guide. Finally, the top AR film 236 may be
formed in the opening in the insulator 110 prior to

filling the opening with light guide material.

The top AR film 236 has a lower refractive index than
the light guide 116. The second AR film 234 has a higher
refractive index than the top AR film 236. The third AR
film 232 has a lower refractive index than the second AR

film 234.

The top AR film 236 may be silicon oxide or silicon
oxynitride, having refractive index about 1.46, with a
thickness between 750 Angstrom and 2000 Angstrom,
preferably 800 Angstrom. The second AR film 234 may be
silicon nitride (Si3Ny), having refractive index about 2.0,
with a thickness between 300 Angstrom and 900 Angstrom,
preferably 500 Angstrom. The third AR film 232 may be
silicon oxide or silicon oxynitride (S10xNy, where 0<x<2
and 0<y<4/3), having refractive index about 1.46, with a

thickness between 25 Angstrom and 170 Angstromf



i nsul ator 110 may be then fornmed on the second AR film234. Silicon nitride
filmpmay be deposited by PECVD on the first insulator 110 in a manner that
covers amdozedl®itdhe i nsul at or and underlying | ayers toPConB2@9/prceisect i on
film410 with a thickness between 10,800 Angstrom and 4, 000 Angstrom
preferably 7,000 Angstrom The supportfilm 134 may be formed on the
protection film 410 by, for exanple, HDP silicon oxide deposition. The
suppor e ferasly i 65 raskedrand a The sthist@& et £1smappli @dvt o et ch openi ngs
in the support film 134. The first etchant may be chosen to have high

sel ect iodnipyrtonatits Gheepoatidet vonridt [tharedetd al 04 Fandexappke thief t he
support film 134 conprises HDP silicon oxide and the protection film 410

conpri segp$i b €om Okt bEdei ghhe T r sts efichiant i ey hg - EHE3 o swlirch 2f ches HDP
silicon oxide 5 tines as fast as silicon nitride. A second etchant is then

i h_th i itry | NN 1Q._ Th d
ol Chant” Ty be BB EBLoh TR e nahts | @ PR Ropi 1By “Agai R4 o et ch

the first insulator 110 and tq stop on the contact etch-stop film 234 which
conpri§§§KEW?FC%WmBF%??d8?g?h§ zﬂﬁliﬁcﬁ%t%%OWPlHP2§&9§6Fs3a§ﬁhn et chant

stop to define the
the same. Alternately, the third AR film 232 may be

formed by a blanket silicon oxide deposition everywhere
on the wafer after a salicide-block etch removes
salicide-block oxide 64, gate-liner oxide 55, and gate-
oxide 54 shown in Figure 2 of United States Application
61/009,454 by using a salicide-block-etch mask having a
mask opening coinciding with the bottom of light guide

1le.

The anti-reflection structure shown in Fig. 11 can be
fabricated by first forming the third AR film 232 and the
second AR film 234 over the substrate, respectively. The
insulator 110 may be then formed on the second AR film
234. Silicon nitride film may be deposited by PECVD on
the first insulator 110 in a manner that covers and seals
the insulator and underlying layers to form a protection
film 410 with a thickness between 10,000 Angstrom and

4,000 Angstrom, preferably 7,000 Angstrom. The support



bottom of the opening. The top ARfilm236 is then fornmed in the opening by
ani sotropi ¢ deposition nethods, for exanple, PECVD or HDP silicon oxide
deposi ti onp 20hiz1deposi ts predom nantly to the bottom ofPcrhBoopessissy t han
to the sidewalls. An etchant can be afplied to etch away any residual top
AR filmmterial that extends along the sidewalls of the opening, for
exanpl e by dry etch usingthe first etchant and hol ding the wafer substrate
at a tiflitlrany4¢ mag bet dbeteabout the mxdisepaiahl € 1o 4fle iyncdmimg i on
beam Light guide material is then forned in the openings, for exanple by
sili corexpripl dg PBEEVD: 1€ebar oidildeerdepmyi beohor med over the |ight guide and
a portion of the support film between adjacent color filters and a further
portion between adjacent |ight guides nmay be etched to create the structure

shown in Fl @nhed sudpdti esi 1RA B4 shawyd spiecess forefabr i saehagtanat her
enbodi ment of anti-reflection between the |Iight guide 116 and substrate

202, DRG0 L8 BLOM oLl T AT FTRGHTER! oty St R 2201

Conpri%£1séf§%éggn@ng§lggZ% bé%%ﬂ%%iﬁg%éiégg Bgélgggivity
towards the protection film material. For example, if
the support film 134 comprises HDP silicon oxide and the
protection film 410 comprises silicon nitride, the first
etchant may be CHFs3;, which etches HDP silicon oxide 5
times as fast as silicon nitride. A second etchant is
then applied to etch through the silicon nitride
protection film 410. The second etchant may be CH3F/0,.
The first etchant is then applied again to etch the first
insulator 110 and to stop on the contact etch-stop film
234 which comprises silicon nitride. The contact etch-
stop film 234 acts as an etchant stop to define the
bottom of the opening. The top AR film 236 is then
formed in the opening by anisotropic deposition methods,
for example, PECVD or HDP silicon oxide deposition, that
deposits predominantly to the bottom of the opening than
to the sidewalls. An etchant can be applied to etch away

any residual top AR film material that extends along the

sidewalls of the opening, for example by dry etch using



third AR film 232. The light guide etch-stop film 238 may be forned of the
sane material as the light guide 116, and may b e silicon nitride, with a

t hi cknesswbeb1wen9a00 Angstrom and 300 Angstrom pref er birgBAB6Q00MLHSt r om
Form ng the AR stack in this enbodi ne#st has an advantage of nore precise
control of the thickness of the second AR film at the expense of one nore
deposition step and the slight added conplexity of etching through a

oxi denitthg deloxi det ahanitdenexihge dstnar K lishstabelr ofubgidahet Bitdé- oxi de st ack
for contact hol e openings (not shown) The previous enbodi nent uses the
second AR ff idmmyP34aad ackbgktl gitode etteh stop wndal bséstsonkeof thi ckness
to the final step of insulator pit etch over-etch. As shown in Figs. 12A-B,

t he thiﬂrﬂ:&@i&x?ﬂﬂoﬁeﬁéaﬁ.Z&Ei@!ﬁﬂ iU epl 4 8di 9Nt hBg $ubskbate 106 and
then a top ARTilm236 is applied onto the second AR film 234, foll owed by

a | ight; guide atchs stap fhlm.238 nade ofs i Leon, pLLELdeppfys) shown in Fig.
or ﬁ yér ?fb an ﬁg el e % ég

12C, the insul W ri ctrodes are fornmed above the
AR fil 232, 234, and 236, d light guide etch-stop.film238. Fig. 12D
S T Gers P e Bngas: Beo Tormaa et 167 of oA naBate: B gn of %t he

|'i ght guide

portion of the support film between adjacent color
filters and a further portion between adjacent light
guides may be etched to create the structure shown in FIG.

5.

Figures 12A-E show a process for fabricating another
embodiment of an£i~reflection between the light guide 116
and substrate 202. Referring to Figure 12E, in this
embodiment an etch-stop film 238 is interposed between
the light guide 116 and the anti-reflection (AR) stack
comprising the top AR film 236, second AR film 234, and
third AR film 232. The light guide etch-stop film 238
may be formed of the same material as the light guide 116,
and may be silicon nitride, with a thickness between 100
Angstrom and 300 Angstrom, preferably 150 Angstrom.
Forming the AR stack in this embodiment has an advantage
of more precise control of the thickness of the second AR
film, at the expense of one more deposition step and the

slight added complexity of etching through a oxide-



etch-stop film238. Fig. 12E shows the opening filled with |ight guide
material. Figure 13A is a graph of transm ssion coefficient versus |ight
wavel engtwofori/tohm®eant i -refl ecti on stack of Figure 11 amdTABZw9/eclBE, for
top AR film 236 (oxide) nom nal thickitess of 800 Angstrons, and varied
+/-10% whereas second AR film 234 (nitride) thickness is 500 Angstrons and
third AR film 232 (oxide) thickness is 75 Angstrons. The transm ssion

cur ves rexty bie—-ct e@p-detkiinerpxtie \\telat oodoeadegfonxf4e6nmto 450nm

The nom nal thicknesses of the AR filns 232, 234, and 236 constituting the
AR st agk tf i£hOseiet 8tReK ticdn dher Haxi Avmeofoddrel igansAbsSkapweyr.ve in
the blue color region (450nmto 490nm instead of green col or region

(490nr & 1o }%ﬁ&%u§oeﬂlﬂéaiﬁ]@§tsmsfets lihd 1ddnditi ckResses g4e bQ 4

manuf acturing tol erance wo not result 1 n transm ssion coefficient

fall-off. nuch more ipn violet th in red color-regia 630n 700nm
Fi gure 'ég%ﬁﬁﬁaﬁﬁcgfSFpgngﬁggéfﬁﬁ*%é%??%cé%n?g%gggégélFg%%gﬁbvelength
for the anti-reflection stack of Figure 11 and Figure 12E, for nom nal

second TR} |94 i PFi dBFUSR OG0 PATg ATV Y9 tRECENd vari ed +/-10%

As shown in Figs. 12A-B, the third 232 and second 234
AR films are applied on the substrate 106 and then a top
AR film 236 is applied onto the second AR film 234,
followed by a light guide etch-stop film 238 méde of
silicon nitride. As shown in Fig. 12C, the insulator
layer 110 and wiring electrodes 108 are formed above the
AR films 232, 234, and 236, and light guide etch-stop
film 238. Fig. 12D shows an opening etched into
insulator 110, stopping at the top of the light guide
etch-stop film 238. Fig. 12E shows the opening filled

with light guide material.

Figure 13A is a graph of transmission coefficient
versus light wavelength for the anti-reflection stack of
Figure 11 and Figure 12E, for top AR film 236 (oxide)
nominal thickness of 800 Angstroms, and varied +/-10%,
whereas second AR film 234 (nitride) thickness is 500
Angstroms and third AR film 232 (oxide) thickness is 75

Angstroms. The transmission curves exhibit steep decline



Figure 13C is a graph of transm ssion coefficient versus |ight wavel ength
for the anti-reflection stack of Figure 11 and Figure 12E, for third AR
film 232 woizorivdedoenoni nal t hi ckness of 75 Angstrons, amdTaBZO0Z006HS 10%

Fi gures 14A-G show a process for fabrd48cati ng anot her enbodi nent of
anti-reflection stack between the |ight guides 116 and substrate 202 to
provide two different AR stacks at two different pixels that each optim zes
for a dirf férenticbéorcokgronegthin o 4dlithms ecomb ARt i | nfRg2nand234 ar e

provi ded over the photoelectric conversion unit 201 in Fig. 14A, simlar to

t he enbodidmidssbownri PhEi BR ¥2Amd 2 F 0.234A atde28ep A Rfilm236 i s
deposited to the thickness o f thicker top ARTfilm23 bb shown in Fig.

148 Subsequenilyng thihegr apbermask (Aelssomg)pbsseapal ked Lo create mask
openi ngs over the pixels that use the thinner top A Rfilm236a. A n etch

stepls plled oth op A R film 236 under.the opening to the
snallerei é%é %h? n%mhs%ﬁon J@ yhg %ue gﬁéguent st eps,

shown in Flgures l4C to 14(5 re S|nllar to Fl . 12B-E. Gieen col or

filter R4 nho Bns Eﬁpﬂﬁgaménﬁﬂﬁiﬁﬁq“ﬂ% %%%?%QCPHQKtﬁ@ﬁﬁQP‘tOp ARfilm

236a, whereas Blue and Red color filters on the pixels
(490nm to 560nm) so that any shift in film thicknesses

due to manufacturing tolerance would not result in
transmission coefficient fall-off much more in violet

than in red color region (630nm to 700nm).

Figure 13B is a graph of transmission coefficient
versus light wavelength for the anti-reflection stack of
Figure 11 and Figure 12E, for nominal second AR film

(nitride) of 500 Angstroms thick, and varied +/-10%.

Figure 13C is a graph of transmission coefficient
versus light wavelength for the anti-reflection stack of
Figure 11 and Figure 12E, for third AR film 232 (nitride)

nominal thickness of 75 Angstroms, and varied +/-10%.

Figures 14A-G show a process for fabricating another
embodiment of anti-reflection stack between the light
guides 116 and substrate 202 to provide two different AR
stacks at two differgnt pixels that each optimizes for a

different color region. Third and second AR film 232 and



having the thicker top A Rfilm236b. Figure 15A is a graph o f

transm ssion coefficient versus |ight wavel ength for the anti-reflection
stack o fwbigi/d4@6for a thinner top A Rfilm236a o f momiBzi0HdwiIekness
0.12 urn, a second A Rfilm234 o f nm®m nal thickness 500 Angstrons, and a
third ARfilm232 o f nom nal thickness 75 Angstroms. This graph peaks in
the green color region at approximtely 99% and drops gently to

appr oxidt et ye 989 ut dehle ovemt éheo dhatee Yedt tbtoeonwgiren oONTHINE tgr aph shows
that the thinner top AR filnR3ba can be used at red pixels as well as
green pixelsn #Fhgs thrnnenntiop AR idhm 236ecdiyebe pRednatinmagent a pi xel s
where magenta color is part of the nosaic pattern of the pixel array of the

i mage sensor.Tfi gure 13R,i $ra HRPMOfriTANSYESskonepo8afifiel ant versus
i ght wavel ength for the anti-reflection stack of Fig. 14G for a thicker

op, o0 4TI B 8 BB 165 EOMR 28cBeRRngy Ry 204 o
L cknesg, 70 AMASLLOTe.  ThES GLaph pesle LD, iR aEPaLaLe calor Mo ons.
at queapplieol to create mask openings over the pixels that use

the thiﬁner top AR film 236a. BAn etch step is applied to

thin the top AR film 236 under the mask opening to the

smaller thickness of top AR film 236a in Fig. 14B.

Subseqguent steps, shown in Figures 14C to 14G, are

similar to Figs. 12B-E. Green color filters 114G may be

applied on the pixels having the thinner top AR film

236a, whereas Blue and Red color filters on the pixels

having the thicker top AR film 236b.

Figure 15A is a graph of transmission coefficient
versus light wavelength for the anti-reflection stack of
Fig. 14G for a thinner top AR film 236a of nominal
thickness 0.12 um, a second AR film 234 of nominal
thickness 500 Angstroms, and a third AR film 232 of
nominal thickness 75 Angstroms. This graph peaks in the
green color region at approximately 99%, and drops gently
to approximately 93% at the center of the red color

region. This graph shows that the thinner top AR film



pi xel s and red pixels. This thicker top AR film 236b nay be used at yell ow
pi xel s where yellow color is part of the nosaic pattern of the pixel array
of the i negeosignsds. A pi xel array may use the thinner top/B&Ro$/HIeAIL36a for
green pixels only while the thicker t®¥p AR film 236b for both blue and red
pi xels. Alternately, the pixel array may use the thinner top AR film 236a
for both green and red pixels while the thicker top AR film 236b for bl ue
pi xel s 1y . pnot her uerboditmersd o ywloviae wvawldasf gresn MARXstlgcks t hat each
optimzes for a different color region can be provided by creating

di ff er eThisecomindR tobmaRrhiftkinessEsa wihi ¥ eb&eepedgathaagamea op AR film

t hi ckness. Two different thicknesses are determ ned, one for each col or

regi on., £or1 exgnple. mblieknessas,of; 2800-Angst ram aARd QR IJHitARS 1
transmssion for blue and red |ights, whereas thickness of 650 Angstrom

optimz [ Li .. he se i is first deposited to the
| ar ger ?ﬁi%@%e@%gggugsrgg‘ er?tf1 ;}%f Ilﬁ?%%f%%%/&%&sk is applied to create a
mask openi ng over the pixels that uses the snaller second AR film

thickness. %Qéﬁfgﬂfghs£gpaiaraph of transmission coefficient
versus light wavelength for the anti-reflection stack of
Fig. 14G for a thicker top AR film 236b of nominal
thickness 0.20um, a second AR film 234 of nominal
thickness 500 Angstroms, and a third AR film 232 of
nominal thickness 75 Angstroms. This graph peaks in two
separate color regions, viz. purple and red. This graph
shows that the top AR film 236b can be used at blue
pixels and red pixels. This thicker top AR film 236b may
be used at yellow pixels where yellow color is part of
the mosaic pattern of the pixel array of the image

sensor.

A pixel array may use the thinner top AR film 236a
for green pixels only while the thicker top AR film 236b
for both blue and red pixels. Alternately, the pixel
array may use the thinner top AR film 236a for both green
and red pixels while the thicker top AR film 236b for

blue pixels only.



applied to thin the second AR fil munder the nmask opening to the snaller

t hi ckness. Subsequent steps are identical to Figures 12B-E. Wile certain
exenpl ar ywerthadiom®at s have been descri bed and shown in trhe/1BRZOYNEAFBY I NQ
drawings, it is to be understood thatSisuch enbodi ments are nerely
illustrative of and not restrictive on the broad invention, and that this
invention not be limted to the specific constructions and arrangenents
shown and désertihsed emdiqensat i baspopiédentdiof idddtiorsnrefyR o8Ea@EKE0 t hose
ordinarily skilled in the art. CLAIM5S What is clainmed is: 1 . An inmage
sensor fiaelea€ONPst Snbgesafaubst e vephatobbecteytonoreer icon unit
supported by said substrate; a sealing filmtransparent to visible lights,

ai r being, ahove @i drsgak hag dhidfrdrighte says &Rt efh pothremrabewe said
sealing filminpinging on Said photoelectric conversion unit; a color
filterﬁﬂgﬂéykgggfﬁgsgﬁg é%%%i%%ﬁidﬂ“film thickness. Two
different thicknesses are determined, one for each color
region. For example, thicknesses of 2800 Angstrom and
optimizes transmission for blue and red lights, whereas
thickness of 650 Angstrom optimizes for green lights.
The second AR film is first deposited to the larger
thickness. Subsequently a lithography mask is applied to
create a mask opening over the pixels that uses the
smaller second AR film thickness. An etching step is
applied to thin the second AR film under the mask opening

to the smaller thickness. Subsequent steps are identical

to Figures 12B-E.

While certain exemplary embodiments have been
described and shown in the accompanying drawings, it is
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

those ordinarily skilled in the art.



an air gap containing air or a gas, said air gap being on a lateral side of
said color filter and under said sealing film a |Iight guide below said

col or filwengiizoopivaral ity of |ight rays entering said | ipgmtiBzod/d@s1ds om
above said sealing filmcrossing onlys2flat interfaces. 2 . The pixel of
claiml1 , wherein a surface of said sealing filmis concave, said air gap
bei ng under said surface.3 . The pixel of claim2 , wherein said surface
diverges light rays into said col XM er, said |light rays entering said
air gap fromsaid sealing film 4 . An image sensor chip, conprising: a
cover glass; a transparent filmunder said cover glass; and an inage sensor
di ce u&ﬁgﬁ:ngdciéfﬂggaggpt.fiIn1 sai d i mage sensor dice conprising a
plural ity of 1T nage sensor pixels on a substrate, each of said i mage sensor
pi xel s conprising: a photoelectric conversion unit supported by said
substrate; a color filter wholly under said transparent

1 1. An image sensor pixel, comprising:
2 a substrate;
3 a photoelectric conversion unit supported by said

4 substrate;
5 a sealing film transparent to visible lights, air
6 being above said sealing film, light rays entering from
7 above said sealing film impinging on said photoelectric
8 conversion unit;
S a color filter wholly under said sealing film;
10 an alir gap containing air or a gas, sald air gap
11 being on a lateral side of said color filter and under
12 said sealing film;
13 a light guide below said color filter, a plurality of
14 1light rays entering said light guide from above said

15 sealing film crossing only flat interfaces.

1 2. The pixel of claim 1, wherein a surface of said
2 sealing film is ccncave, said air gap being under said

3 surface.



film an air gap containing air or a gas, said air gap being on a | ateral
side of said color filter and under said transparent film and a |ight

gui de belww2emidiel or filter, a plurality of |ight raygcensmod/ngisai d

| i ght gui de from above said cover gla®s crossing only flat interfaces.5 .
The pixel of claim4 , wherein a surface of said transparent filmis
concave, said air gap being under said surface . 6 . The pixel of claim5 ,
wherein said surface diverges light rays into said color filter, said |ight
rays enterlng said air gap fromsaid transparent film 7 . A nethod for
fabfi cating3a pi XBf BR¥&d iHage Sdhsor WE%ﬁ%%PsPﬁéd PEHCHATE a support film
with an opening and over a substrate that supports a photoelectric

conder siiorenges ; Lagdt feysi ngte celish ddlawerfihtehe apadi AGIbE t he support
film renoving from above a portion of said support film adjacent to a

| at gr alrsside=wfe sahg ealiar atid e tfodorgaid sealing £ilm.

1 4, An image sensor chip, comprising:

2 a cover glass;

3 a transparent film under said cover glass; and

4 an image sensor dice under said transparent film,

5 said image sensor dice comprising a plurality of image
6 sensor pixels on a substrate, each of said image sensor
7 pixels comprising:

8 a photoelectric conversion unit supported by

] said substrate;

10 a color filter wholly under said transparent
11 film;
12 an alr gap containing air or a gas, said air gap

13 Dbeing on a lateral side of said color filter and under
14 said transparent film; and

15 a light guide below said color filter, a

lo plurality of light rays entering said light guide from

17 above sald cover glass crossing only flat interfaces.



an air gap adjacent the lateral side; and formng a sealing filmon the
color filter and the air gap by a dynam c spin coating, the sealing film
seal ing avo2ori/migas in the air gap from above. 8 . The merhszhogbosedsai m |1
further conprising form ng a concave Surface on the sealing film the air
gap under the concave surface.

10

11

12

13

5. The pixel of claim 4, wherein a surface of said
transparent film is concave, sald alr gap being under

said surface.

6. The pixel of claim 5, wherein said surface
diverges light rays into said color filter, said light

rays entering said air gap from saild transparent film.

7. A method for fabricating a pixel of an image
sensor, comprising:

forming a support film with an opening and over a
substrate that supports a photoelectric conversion unit;
and,

forming a color filter in the opening of the support
film;

removing from above a portion of said support film
adjacent to a lateral side of said color filter to form
an air gap adjacent the lateral side; and

forming a sealing film on the color filter and the
air gap by a dynamic spin coating, the sealing film

sealing air or a gas in the air gap from above.
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1 8. The method of claim 7, further comprising
2 forming a concave surface on the sealing film, the air

3 gap under the concave surface.



