1 LIGHT GUIDE ARRAY FOR AN IMAGE SENSOR BACKGROUND OF THE INVENTION 1. Field of
the Invention 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 contain electronic image sensors that capture light for

processing into still or vigaE®oes D e C IR VO CARO S Mgl g gRiiew Millions of light
capturing elements such as photodiodes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

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

SEensors.

2. Background Information

Photographic equipment such as digital cameras and
digital camcorders may contain 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 sensors
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 adjacent pixels in a

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



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 sensors typically contain
millions of pixels to provide a high-resolution image. Figure 1A shows a sectional view of a prior art

solid-state image sansor 1ishewing adiacentRixels Hra EMOS type sensinreprodused from U.S. Pat.
No. 2 7,119,319. Each pixel has a photoelectric conversion unit 2. Each conversion unit 2 is located

adjacent {q,3 frapsfer glectfode 3 that tansfers charges fo,a {lgating diffusion.unit (pot shown). The

structure includes wires 4 embedded in an insulating layer 5. The sensor typically includes a flattening

layer 6 belgw the calor filter 8 to compensates for top surface irregularities, due to the wires 4, since a
o surTae & Sb ol for Ea bl CHO it T o8 by kg by A Socobc Hutiidng layer

10 is provjded_above the color filter 8 to provide a flat surface for the formation of microlens 9. The
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guides 7 are integrated into the sensor to guide light onto the conversion units 2. The light guides 7 are
formed ofa R&THISGChas SifcoRthitidé thiat Flas & Yifjher indexX BErefrabfisitthan the insulating
layer 5. Each light guide 7 has an entrance that is wider than the area adjacent to the conversion units
2. The sengbi T by alsotabedesvlcr fiftéed brd amsicrbigng® 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. Each 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 microlens 9 focuses light onto the photo 3 because of optical diffraction, the microlens 9 can
cause diffracted light that propagates to nearby pguotoelectric conversion units and create optical
crosstalk and light loss. The amount of cross-talk-increases when there is a flattening layer above or
below the color filter, positioning the microlens farther away from the light guide. Light can crosstalk

into adjagent pixels by masping trougt githes Aattering layer (@heveardielovs celarfiltes) s dhe color
filter's sidewall. Metal shields are sometimes integrated into the pixels to block cross-talking light. In

addition, glignment eogrs; hetyyeen migrolsns, color filter, and light guide glsorconiribute tp crosstalk.

The formation, size, and shape of the microlens can be varied to reduce crosstalk. However, extra cost

must be added to §hle %recigtz—:ﬁ_@icrole s farmi process arid crossta_lgasiiﬂ cg%r&)t P? ekllirg]inated

@) .
Backwaré: (r)er}l\é%t]fon rom the |mSag%nsen§c]J:rea? e g&%sﬁatae mt%ﬁgcses iS another issué %ausmg loss of
light rece wn in Fig. 1A, the li uide is.in direct contact with the sjlicon. This interface

tion. A ht il
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structures for 4- .
flattening layer above or below the color filter,

positioning the microlens farther away from the light
guide. Light 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. 1In 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 1is
in direct contact with the silicon. This interface can
cause undesirable backward reflection away from the

sensor. Conventional anti-reflection structures for



image sensors include the insertion of a oxide-plusnitride dual-layer film stack directly above the
silicon substrate, or a oxynitride layer having varigtion of nitrogen-to-oxygen ratio there, but only
reduces reflection between the silicon substrate ahd a tall oxide Insulator. This approach is not
applicable when the Interface is silicon substrate and a nitride light guide. 5 BRIEF SUMMARY OF

THE INVENTHN s e AIMa0€ 58NS Pixeh that inslugdes gphgtoelecticicoaversign-unit supported by
a substrate and an Insulator adjacent to the substrate. The pixel may have a cascaded light guide,
wherein 3 perfion of the easqared lightquidesis withinthe nsulatorand anathet portipp exjends above
the Insulator. The cascaded light guide may Include a self-alignéd color filter having air-gaps between
adjacent color filters. Air-gaps_may be sealed. from_above by a.transparent sealing film. The
raoparct SR i sy T S Db nus e et Tt B bag de TR gt ght away from the

air-gap intq gd'acent gglo[ filters. The rpi)é(—:'.l ma hhave anbang-reflelction stack between the substrate
and the dascddedTgnt-quiggygen ratio there, but only reauces

reflection between the silicon substrate and a tall oxide
insulator. This approach is not applicable when the

interface is silicon substrate and a nitride light guide.



6 BRIEF DESCRIPTION OF THE DRAWINGS Figure 1A is an illustration showing a cross-section

of two image sensor pixels of the prior art; 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 sensor pixels of an embodiment of the present invention; Figure 3A is an illustration

showing light traveling along ayraif. gaps beiwern twer calgefiltessirnTitgnre 3B is an illustration
showing the redirection of light from the air gap into the color Tilters;

An image sensor pixel that includes a photoelectric
conversion unit supported by a substrate and an insulator
adjacent to the substrate. The pixel 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 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; 7 Figure 3F is a table of maximal gap power loss for different gap widths at a depth of

1.0um; Figure 3G is a tahie pioaprarea as pergentagenf pixgkarga forgifferent gap widths and
different pixel pitches;

Figure 1A is an illustration showing a cross-section

of two image sensor pixels of the prior art;

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 sensor 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;



Figure 3H is a table of pixel power loss for different gap widths and different pixel pitches; Figure

31 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 5is an
illustration showing ray traces within the pixel of Fig. 2; Figure 6A is an illustration showing a pixel

at a corner of the agraye  3Figuse §Bis an dlustratipn.shawingdight wywases wihin the-pixel of Fig.
6A, Figure 7 is an illustration showing a top view of four pixels within an array;

different gap widths at a depth of 1.0um;
Figure 3G is a table of gap area as percentage of
pixel area for different gap widths and different pixel

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;



8 Figure 8 is an alternate embodiment of the sensor pixels with ray tracing; Figures 9A-M are
illustrations showing a process used to fabricate the pixels shown in Fig. 8; 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 2A-E are

illustrations showing,ancalternaie procgss tofaem an antiweflastion stagk within dhe,sensor of an
embodiment of the present invention;

pixels with ray tracing;
Figures 9A-M are illustrations showing a process used

to fabricate the pixels shown in Fig. 8;

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;



Figure 13A is a graph of transmission coefficient versus light wavelength for an anti-reflection stack;
Figure 13B is a graph of transmission coefficient yersus light wavelength for the anti-reflection stack;
Figure 13C is a graph of transmission coefficient versus light wavelength for the anti-reflection stack;
9 Figures 14A-G are illustrations showing an alternate process to form two anti-reflection stacks

within the sensar pfar embodiment ghtle presestinyentions sHdgure dSAds a graphref transmission
coefficient versus light wavelength for a first anti-reflection stack on a left hand portion of Fig. 14G,;
process to form two anti-reflection stacks within the

sensor of an embodiment of the present invention;

Figure 15A is a graph of transmission coefficient
versus light wavelength for a first anti-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;



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 ahdlternate 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 alternateiemhaedimentof thesimage sensarof thisivention:; 1 n figire 204 an #lysteation
showing a process step used to fabricate the pixels shown in Figure 18;

used to fabricate the pixels shown in Figure 19;
Figure 22 is an alternate embodiment of the image

sensor of this invention;

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 illustration showing a packaging

configuration of this invention.



- 10- Figures 21A-D are illustrations showing process steps used to fabricate the pixels shown in
Figure 19; Figure 22 is an alternate embodiment of the image sensor of this invention; Figure
23 is an illustration showing ray traces crossing’f} m cover glass to the light guides in a image sensor
package according to an embodiment of this invention; Figure 24 is an illustration showing a
packaging configuration of this invention. -11-

DETAILED DESCRIPTION

Disclosed is an image sensor pixel that includes a
photoelectric conversion unit supported by a substrate
and an insulator adjacent to the substrate. The pixel
includes 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 constructed 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



DETAILED DESCRIPTION Disclosed is an image sensor pixel that Includes a photoelectric
conversion unit supported by a substrate and an Jnsulator adjacent to the substrate. The pixel Includes
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 giide, Addlitiopaliys theilightguide and an adiagent:color filtersarg senstructed with-a process
that optimizes the upper aperture of the light guide and reduces crosstalk. These characteristics of the

ight guide sliminate e {arfmicolens. Addiiopally, ap ant-ceflastion siackis,gonsigucted
above the photoelectric conversion unit and below the light guide to reduce light loss through

backward reflection rfrco trie ima‘g% r%sglglsor. TW% gixels of iffe;LElnt color ma%ge individually optimized
i

for anti-rétlection t(a)y mo ﬂyuﬁ“g the hess bf one film within the' anti-reflection stack. The pixel

may include two light guides, one above the other. The first light quide is located within a first - 12-
i DA Doy OB R o e LB T A Abasa [ant Se Rrtted witn & sevand

opening in a support film, which may be eventually removed or partially removed during fabrication of
the pixel. %0 &¢86r fitet Ay HBAGCAEd WA Brlsamd Bpénitdiand e sefafigritdwitt the second
light guide. The second light guide may be offset from the first light guide at the outer corners of the
pixel arrayltd eaptarellipht ingidentdtandrzere angledelhfivEto the veldical akise sSAR@INDap is
created between neighboring color filters by removing the support film material adjacent to the filter.
Air has aloweértrefyactive imdex then thé Sapport filomarthenhances Intergaltrefiectide wathin the color
filter and the light guide. In addition, the air gap is configured to "bend" light incident on the gap into
the color filter anddacrease-theramaunt ohlight psovided ta the senseraptuReflectiomat the
silicon-light-guide Interface is reduced by creating a nitride film and a first oxide film below the first light

guide. A secondidefibm mayhe-additionalyyinserted belowdhe: pitridedilmde broaden

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 1s 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



- 13 - the range of light frequencies for effective anti-reflection. The first oxide film can be deposited
into an etched pit before application of the Iight—grtj'de material. In an alternate embodiment, all
anti-reflection films are formed before a pit is etched, and an additional light-guide etch-stop film
covers the anti-reflection films to protect them from the pit etchant. Referring to the drawings more

particularyny @é@f@@ceo@rmﬁ%‘ﬁ,tﬁ%§§@eﬂéie5, apd SAH show efpbodipents of two adjacent
pixels in an image sensor 100. Each pixel includes a photoelectric conversion unit 102 that converts

photonic gpergy intg glectricacharges, In g conyentiqnal 41 pixel, elegirode 104 may e a transfer

electrode to transfer the charges to a separate sense node (not shown). Alternately, in a conventional

31 pixel, electrode 104 ma aseset electrode tq reset the phptoelectric.conversion unit 102. The
clomtiodes 0% A Con o o 107 Bie oA 08 a Shiiite 108 TreLohasr 100 also includes

wires 108 that are embedded in an insulating layer 110. . Each pi>j;l | has a first light guide 116. The
first Iight83i58§ 116 are sftlicté With A% fract ?rgﬁdtg}?ﬂifhatﬁ a‘?ﬁqu'n]er index of refraction than

the -14-
reflection films are formed before a pit is etched, and

an additional 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.

Fach 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



insulating layer 110. As shown in Fig. 4B, each first light guide 116 may have a sidewall 118 that
slopes at an angle a relative to a vertical axis. The angle a is selected to be less than 90 -
asin(nansulatanglr / nliglm guide)' preferably 0, 'sl)4that there is total internal reflection of light within the
guide, wherein n insulating layer and Blight guide are the indices of refraction for the insulating layer
material angshight guide material respectively. Hiedight gwides 316 Internallygflect light from the
second light guide 130 to the conversion units 102. The second light guides 130 are located above
first light guiges 11,26 may bemad;fiom (e sare maierial ag eIt ightguide L6, The top end
of the second light' guide 130 is wider than the bottom end, where the second light guide 130 meets
the first Ii%ht gglueideo(llr%f hgs ;[/_hee %a%g l:éetwe%ncf;t(ygcienat1 se%ond Iigﬁt glgdesllefsoo(at itksle bottom
(hencefor i Ysecond gap ’? |s]1arger an al the top, as we ras Iarger?hanntﬂe air gap 422 between the
color filters 114B, 114G above the second Iigl'%gui_des 130. The second light gu/'des 130 may be offset
laterally Wi %%B(? td the¥frst @ﬁtsgtﬁ 11 and/@r%ﬁ@é@ﬁ?é?ﬁéﬁﬁlriﬁﬁez, as Shiswh in Figure
6A, - 15 - wherein the centerline C2 of the second light guide 130 is offset from the centerline Cl of the
first light guide 116 5F3HE Bhdtoliectfie cBﬁ?e?siE%ﬁﬁﬁf 162 The'GtsetMAF ¥&F Hepending upon
the pixel position within an array. For example, the offset may be greater for pixels located at the outer
portion ofthé baayiTHe effsel izl bevid tHelsantd ateral idire ctiorhashéindident lightdo optimize
reception of light by the first light guide. For incident light arriving at a nonzero angle relative to the
vertical azisdoffset;secand lightguides 180¢ass on ofore éightac thedfirstiight glrides 116. Effectively
second light guide 130 and first light guide 116 together constitute a light guide that takes different
vertical crassseeaticimshapey at-differestpixels athe shagets optinizedntottbe 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 thesgeray; 1egpegtivelyrir Figi gnhincigentdight rays ceme dn-vertiaally - Eve secend light
guides 130 are centered to the first light guides 116. Both light rays a and b reflect once within the
second ligh-gnider30hen entet e fistiighhquine 14, refiRets enca () priyice s 46- (fay b)
and then enter conversion units 102. In Fig. 6B, thé second light guides 130 are offset to the right,
away frorlerieC eritgrzo.f the array, which is towards the left. Light ray c, which comes in from the left at
an angle up to 25 degrees relative to the vertical axis, reflects off the right sidewall of the second light
guide 130, hits and penetrates the lower-left sidewall of the same, enters the first light guide 116, and

finally reaches Cf‘)lqgergié)go%g 19%9%}'@ %ﬁflsfégssuf% 6ha§]§lée firg%ated 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,



light guide 116 recaptures the light ray that exits lower-left sidewall of second light guide 130. At each
crossing of light guide sidewall, whether exiting tig second light guide or entering the first light guide,
light ray c refracts in a way that the refracted ray's angle to the vertical axis becomes less each time,
enhancing propagation towards the photoelectric conversion unit. Thus, having a light guide built from

a first lighfigaide 1 6rand a-3econd lightguide 130 allows dhe-vertical Crass-sggtioneshape of the light

guide to vary from pixel to pixel to optimize for passing light to the photoelectric conversion unit 102.

Building g lighy gide frop. o separate lgltguides 16, 130 haga secand adyantagg of rgducing the

etch - 17- depth for each light guide 116, 130. Consequently, side wall slope angle control can

achievezti r accuracies. It also makes depasition of lightguide material likely, to create
Cnwanted Ky los i S Ao EAter dep g T Hin 1S ey iten Eatang light t

scatter from the light guide upon encountering the keyhales. . Caqlor filters 114B, 114G are located
Sbove (he LAt TR o A S S RE G A T b et R At AL BB (e LR Hitors is

more vertical than the rest of second lightguide.
an array. For 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 constitute a light guide
that takes different vertical cross-section shapes at
different pixels. The shape is 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



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 th génsors. Thus the percentage loss of light impinging
on the pixel due to passing through the gap (henceforth "pixel loss") is substantially reduced. Light

incident upea.a gap betweem Byp tanslucentiegions ohhigherirefagtiye indiges hecgmegtiverted to
one or the other when the gap is sufficiently narrow. In - 18 - particular, light incident upon an air gap

between hyo.calarfitess diyerts onegolor fiey ofthe ghpcupen thegap widiyjs suffgiegtly small

Figure 3A shows a vertical gap between two color filter regions filled with a lower refractive index
medium, Figjlﬁurt ngldgre]tnll Qt rays ere%fgn% the g/ap %ndin ar%rsonceoﬁdewcflll th?ln thf%p:er is diverted

. T .
towards and into the former, Whereas the rést are diverted towards and into the latter. igure 3B

shows wavefronts spaced one wayelength apart. Wavefronts travel at slower speed in higher refractive
index meBiLA i i/ xmAI e Lordr iter Hevingt SHndEX n bF AproXimAlbiy 181 Fhikbthe spacing

between wavefronts in the gap, assuming air filled, is 1.6 times that of the color filter, resulting in the
bending &fAvaefiBREER e ineHatd Between thecolsiiittFand & gap and EdrSrigitne fignt 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 gapidividé @by thelingtient lightipowes PE®verslislaldibtanea 2985 dhoilun BYiftg. 3C, light
power decreases deeper into the gap for different gap widths, more rapidly for lesser gap widths on
the orderasi dnpeetleagth andloenverges tolleefessentialy nkgligifle forea gapnwidth of 0.4 times
wavelength or less at a depth of

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 ray that exits lower-

left sidewall of second light guide 130. At each

crossing of light guide sidewall, whether exiting the

second light guide or entering the first light guide,

light ray c refracts in a way that the refracted ray’s

angle to the vertical axis becomes less each time,

enhancing propagation towards the photoelectric

conversion unit. 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



- 19- 1.5 times wavelength. From Fig. 3C, it is preferable to have a depth equal to at least 1 times the
wavelength of the longest wavelength of interest, which is 650nm in this embodiment for a visible light
image sensor. At this depth, the percentage of light power incident upon 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 thenwavsalengih i ardete fijeriineidentdightienteringtbe gap teprevent usfitered light
from passing on to light guides 130, 114 and eventually to the conversion unit 102. If the gap is filled

with a trapsparentmedium gther than,aif, with tefractivg jndex ngag pel-0.fhen presyipably the gap

would need to narrow to 0.45um/ngap or less, since effectively distances in terms of wavelength
remains same but absolute distances are scaled. by I/ngap. Referring to Figure 3C, for red light
o Waveleh GRS O SEORm St Tt o1 . Sburs (0. LTS vk Bohgty in ar) e gap power fux
attenuates to 0.15 (15%) for a gap width of 0.6 time wavelength in ajr, i.e, 0.39um. Attenuation
renchos Al SEarbaR I SEUPIE Ao RHIOR 1€ ottt th GEpts for SHORE avelongths. -
20 - Figure 3D shows the gap loss versus gap width W for 3 colors--blue at 450nm wavelength,
green at 8 SfRqed bt 650nn-1at deptHR of b SRint&TdP1.88M1 fespéctiveR Rér & depth of 1.0um,
the highest gap loss among the 3 colors and the maximal gap loss for gap widths of 0.2um to 0.5um
are plottetlifiFiguiFe® 3B ce & fiss agamsitded widthis tabiiaded iEigure BFOHNEIgEreI8G, gap area
as percentages of pixel areas is tabulated against pixel pitch and gap width. Each entry (percentage
gap arearimehé&dabteodfdsg. 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. 31 shows that keeping gap width below 0.45um would
result in less thdio8% mpixel loss for pixket pitchlbetweerr &.8lmcand2i8whsthe rahge ofquixeh dizes for
compact cameras and camera phones--for color filter thickness of 1.0um. For less than 3%, a gap
width belowdr35uuisdresded For leshthan 1% ad gamwisithr below i 3um;anddardess than 0.5%, a
gap width below 0.25um. Fig. 31 also shows that pixel loss is less for bigger pixels given the same gap

width. Thyg fQrqixels largefhe 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”) 1is

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. In



- 21 - than 5um, the above guidelines result in at least halving the pixel loss. Referring to Figures 2
and 5 again, it is clear that the first air-gap 422 prevents crosstalk from the color filter of one pixel to an
adjacent pixel by internal reflection. Thus the coldPfilters 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

cascadeghtogether toscapture dncident igdapd capvay thﬁh%BEOt%%I%Ctﬂ‘é gQruErsigRyUNit 102 while
minimizing loss and crosstalk. Unlike prior art which uses metal walls or light absorbing walls between

color filters,tp yedyce,grasstally ;a1 dhe expegse gLloging Jghtdhatimpinging,gpsuchpyalls, the first

air-gap 422 achieves negligible gap loss by diverting light to the nearest color filter. And since there is

no underlyjng flattening layer below the calar, f#ters that bridges een_adjacent light guides like in
prior art (‘gééi&ﬁeelg)?%ewals%sggaé% csrélsfs alkisa S%Eéﬁ ir?wsl%na%g\{ rk?%#lfé:r?ac%e%;ay continue
from the C%|OI’ filter sidewgll aIng the second Ii%ht guide sidewall and_end above grotection film 410,

creating 8 gévo%daairvgeafb 1092 RhE air iieRade teti8er sec ﬁ&%ﬁ]ﬁaﬁeﬁ Yhd the second

light guide 130 enhances internal reflection for the second light guide 130. .
filled with a lower refractive index 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 rapidly 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



A protection film 410 may be formed above insulating layer 110 of silicon nitride to prevent alkali metal
ions from getting into the silicon. Alkali metal ions, commonly found in color filter materials, can cause
instability in NOS transistors. Protection film 410 Hso 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 i either first light gyideill6 orsecand light guide d 3@ isimade,of silicon

nitride, the protection film 410 which is formed of silicon nitride is continuous across and above the

insulating layer 110 fo,seq the ransistors.from alkali metal jons.and;moisture. {fhoth 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 similay sealing or, alternatively, er the sidewalls and
potiom of 15t IAE 508 1167 L FIaba o ab et 354 ol Bt touStner Pt & fonnecred

opening to air above the top surface of the - 23 - Image sensor. Viewing this in another way, there
exiats & COMAUGTLAH HEMALe §0 e Biotdutbf fimt 916 toHE Lo SHREE of s wolor fiters

114B, 114G, In particular, there is an air-gap between the top surfaces 430 of the pixels.The existence
of this opehihg dRRG franbfRtre 8&te Pratéridi formed atring thed6mting*Bftst air gap

422 and second air gap 424 to be removed during the manufacture of the image sensor. If for some
reason tHef sty 4R 2lis skaled stibsegeABeusing sore piag heateridlethispheg aterial should
have a refractive index lower than the color filter material so that (1) there is internal reflection within
the color Yitternp and @B Tightisciders svithirethe hirsgap 4PR2as divered ihfolthecolon fikers 114B, 114G.
Likewise if some fill material fills the second air gap 424, this fill material needs to have a lower
refractiverigdeisthan thessecond lighirgeiide £30. 1east 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

alr, with refractive index ng,, > 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/ng,.

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%9um. Attenuation reaches maximum at around lum of
depth. Attenuation is steeper with depth for shorter

wavelengths.



Together, the color filter 114 and light guides 130 and 116 constitute a "cascaded light guide" that

guides light to the photoelectric conversion unit 0(% by utilizing total Internal reflection at the interfaces
with external media such as the Insulator 110 ant air gaps 422 and 424. Unlike prior art constructions,
light -24- that enters the color filter does not cross over to the color filter of the next pixel but can only

propagate dowretpdhe seconddightguide, £3Qs Ihisimakesitunnesessary (pilkave aumicialens above
to focus light to the center of the pixel area to prevent light ray passing out from a color filter of a pixel

to an adjacent pixel. Doing away it micielens has a henefit of eliminating she, aforementioped

problem of alignment error between microlens and color filtér that can cause crosstalk, in addition to

lowering man turing costs. As mentioned before, a.cascaded light guide further holds an
vantage over SHF e S bSade VAT it b 20 colof M Fehat cident igh faling

into the first air gap 422 between color filters 114B and 114G is diverted to either ope, thus no light is
o5, UK ricP oHSIRERe derd 1GHTTs Ioakio 18 SPEGe AR HitRGerF R e hnm advantage

of this color filter forming method over prior art methods is that the color filter sidewall is not defined by
the photdtésistandye nidteridlé Edmstitutifigithel Cotcr fifters. FRprior arttdefor difterfortiflg methods,

the color filter formed must produce straight sidewalls after developing. This
to 0.5um are plotted in Figure 3E. Gap loss against gap

width is tabulated in Figure 3F. 1In Figure 3G, gap area
as percentages of pixel areas is 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 3I 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. 3I also shows that pixel loss is less for bigger

pixels given the same gap width. Thus for pixels larger



- 25 - requirement places a limit on the selection of photoresist and dye material because the dye must
not absorb light to which the photoresist is sensitjve, otherwise the bottom of the color filter will receive
less light, resulting in color filter that is narrower {ifs 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 relyingronhe gharaetedstios of thecolerdiltermateriakerthe agcusacyiQfdithography.ikegulting in a
cheaper process. Another advantage over prior art color filter forming methods is that gap spacing
control is&ggompgtyvegggg pixels, and highly accurate at low cost. Here, the gap spacing is 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 withayt pding st |t suhgans vere Lo, greate by placing 3 coipg fjers ghiferent

colors at 3 different lithography steps as in the prior arts, uniformity of gap widths is difficult, the

lithography, s 261 .« air-gap 422 prevents crosstalk from the color

filter of one pixel to an adjacent pixel by internal
reflection. Thus the color filters 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 that
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.



steps become expensive, and sidewall profile control becomes even more stringent. A cascaded
light guide wherein a color filter 114 and a light gujde 130 are formed in the same opening in the
support film 134 (henceforth "self-aligned cascaded light 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;selfraligh f.sidewalis,af the lightguide 43Q. g&igures;4Ahshemea process for

forming an embodiment of the image sensor this invention. The image sensor may be processed to a

point wherg the, eonversion units §02 pa elegtrofes. 104 aredormed qn thesilicop subsgrate 106 and

the wires 108 are embedded’in the insulator material 110 as shown in Figure 4A. The Insulator 110
may be co setruscéecd fro fl.lIO\P{ refraltlcii&e [ ex ("RI") material such as silicon dioxide (RI=1.46). The
top of the Insulator 11 mayqoetﬂa(gtene 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 h%\/ep%%%i%%%i(ljgvr\{a”fsieitn?nﬁr@Iem%yTngODJ?gprggd- 2h0ve insulating
layer 110 of silicon nitride to prevent alkali metal ions
from getting into the silicon. Alkali 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



120 may be formed, by example, using a reactive ion etching ("RIE") process. For silicon oxide as the
insulating material, a suitable etchant is CF4+CHE3 in a 1:2 flow ratio, carried in Argon gas under
125mTorr, 45C. The sidewall angle may be adjusted by adjusting the RF power between 300W and
800W at 13.56MHz. Figure 4C shows the addition of light guide material 122. By way of example,

the light guideymateriak 132 canhe-g siieon nitridle thathasandndexgf refraction of 2.0 greater than
the refractive index of the insulating material 110 (e.qg. silicon oxide, RI1=1.46). Additionally, silicon

nitride pravides,a diffysign barrier againstH20.and alkali metal iops. The;light gyide maerial 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 ilk[gélo er the_insulator
and seal 1f_hoe (ﬁ)%%e?%?& anit T ,Cgastecij&?gned elec (rjo%leg %ggea]égini 6] a%%%fl)%léli mg?al ions
during the sut%s.e uent processes. Alternatively, if the first light guide material 122 is POt silicon nitride,
a silicon Hitride i %‘gp%%itédsoﬁ{bpa lfiéﬁtaéﬁi Eméterial afite?%nse%-@oq/ﬁ?of the latter
to - 28- flatten the top surface, to form a protection film 410 that seals the conversion unit 102, gate

104, and fdttBded 168 Riaifst #120 ant ik MeEtABBAS THE prétéSticPRfimn 1419 Ml Bé Between

10,000 Angstroms and 4,000 Angstroms thick, preferably 7,000 Angstroms.
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 1f some fill material fills the second
air 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



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 Inclddé sidewalls 136 that slope at an angle 3. The angle
13 is selected so that p 90 - asin(1 / n2ThEIlpg.EE), where n2EghtguEE is the index of refraction of the

second light-guide mategiali30, suohthakthereds adeiakinteshal seflecion,within the second light

guides 130. Incorporating two separate lights guides reduces the etching depth for each light guide.

Consequgptly, Slope side wall:etehing seasier jo.achigyewith iigher ¢ Cﬂ?&i%a@!?t%‘ppo” film 134

and second light guides 130 may be made from the same materials and with the Same processes as

the insulafing,|ayer 149 and frst ight guides 148.espackiyely. 5895 As.ghown in Fig. 4E the
sidewall may have a vertical portion and“a's oﬁe portion. The vertical portion and sloped portion can

be achieved by changing the etching chemistry or plasma, conditions during the etching process. The
ctch recB BTG RE GO (OHn Gl io oL iro t Hsorible o immiig Hibvertbal sidewall

162, then switched to a rectlpe favorable for forming the sloped sidewall. .
the center of the pixel area to prevent light ray passing

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

opaque walls between the filters.

An advantage of this color filter forming method over
prior art methods is that the color filter sidewall 1is
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



Figure IF 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 43 shows each second light guide 130 had 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 majeriah to-expese the walbal2.and titherdil the topsaurtase obkight guide is below the top
surface of the wall 212 by between 0.6um to 1.2um. As shown in Fig. 4H, a color film material

1148 having,a padicylar calar, fof exampleflye or magenta or yellow, mayheapplied to fill the

pockets 210 and -30- extends above the support film 134. In this examiple, the color material may
contain bg%esq;/f:bc Ior{il]ertrgatvev%@d s ma ge r’@l%dﬁoof nggatjcve.phogoresmt which forms polymers

that when exposed o ﬁg becomes insoluble t5 a p otoresist de\l/glopeerr.lf\lr%a%s‘f(e(hot shown) is

placed over the material 114B with openings to expose areas that are tp remain while the rest is
etched a\\%gﬁerwégfér ﬁ#eer géﬁ&] sgl m ec)(;ﬁ%iigg in%?’éﬁ:n?crpé\tﬁél sﬁll?e%ﬁle\fged therelin that

have diameters less than a small fraction, for instance a quarter, of the wavelengths of the light
permitted-@®Hass #F6igh. Fof instahes, ZrtofitmOxideldricttantaltit oxide PakiERY of dameters
less than 100nm may be mixed in the blue color filter of this example. Particles of inorganic materials
that are tidnsp&ehttornthé éndetolorand hale higheefractive mdex, gréfefably above 1.9, can
increase the overall refractive index of the color filter to enhance sidewall internal reflection of the color
filters usetbinnthis gnveatimd 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 is 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



Figure 41 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 colqy filters for different pixels as shown in Figure 4J. The
last color - 31 - material applied fills the remain'lr?(? pockets 210, thus requires no mask step. In other
words, exposure light may be applied everywhere on the image sensor wafer to exposure the last

color filteg filapavenavhere. Ruinaribe bake giep, e dasksolor fies farms a-Wrthatoverlaps all

pixels, including pixels of other colors. The overlap of the last color filter on other pixels is removed

during a 5@@&(&@@“@9@5fi%reécrgq%qﬁr&q%sts shown in Figure 4K. Referring to Figure 43, the

pockets 210 provide an self-alignment featare 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 suppart wall 414 foyan desiregsegond Jght quide qpening;fera given pixelpjtch, the

pressure in the plasma chamber may be increased to enhance sideway (i.e. Isotropic) etch (by

increasing ign sgattering) to u cut the mask. As shown in Figure 4K the color filters 114B, 114G
are otchel GO 10 A Se S B T nalt SEE et rrEor The S Tt 94 A Ao of fhe

suppor i 134 i then femquer a5 shownjn Figure 45 59 that here i an amateral nterpce for the

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 substrate
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 a. The openings



-32- 114B, 114G. A further portion of the support film 134 may be removed as shown in Figure 4L so
that there is an air/material interface for the secopd light guide 130 to further aid internal reflection by
allowing light rays closer to the perpendiculars to“the Interface to undergo 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)impiRginginie the dirst 9@5 422 isverted ie sithercolerfiter 1148 gl 14G, thus
improving light reception. Light Internally reflects along the color filters 114B, 114G and light guides

130 and 116.1J- {‘ﬁc}O'P“ fikers )ﬂégojclégé havesa higher;refractive.jndex than aix so that the color

filters 114E, 114G provides Internal reflection. Likewise, the second light guide 130 may have an air

Interface which,Improves the Internal reflection jpr rties,of the guide. I(%tPe ort film_134 is not
18, + ) X
o oo R e R 1'96)

than the light guide material (e.qg. silicon nitride, 2.0), the Interface hetween the second light guide 130
and e shofiort ATLEA S GotPR o retbc ol Fipuie 16 SRS arf SRS AmBodiment where
the support material between the adjacent second light guides 130 is only - 33 - arti%el]lf)]/ removed.

Likewise thE Iitef&cEdetwedivihe fifstYightguide YE6-&nt 08 firstinstilatarFilrh1 0%hjoys good
Internal reflection. Figure 7 is a top view showing four pixels 200 of a pixel array. For embodiments

that Incluglewoth firsttarriesecéd gt ydides ehe area B3ma@lE 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 embodi@HtRhet€ tiFSuppofttiim 234 istériy parfialyi@Rfoved besvaea ljakent color
filters 114B, 114G. The gap unfilled by support film preferably has a depth of 0.6um or greater and a
width of 0.42um oBlesw.afhecdeptixatay be rediced ta QHtunyif thécovesdiiaefradtivé Zdexant the color
filter material is Increased above 1.5, for Instance by interspersing particles made of transparent
material that bassd fefrastivenindex afcl. @ lon abovesn an abraiwkiodFingdlie averalbrefractive index to
1.7-1.8 or above.

2.0, greater than the refractive index of the insulating

material 110 (e.g. silicon oxide, RI=1.46).

Additionally, 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,0 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



Figure 18 shows an alternate embodiment where opposite sidewalls of each color filter are not straight
and vertical. In this example, opposite sidewalls ffom -34- adjacent color filters 114B, 114G sandwich
a portion of the support film 134 in such a way that the support film 134 has a wider width at one depth
than at a lower depth. With this property, the support film 134 exerts a downward force on each of the

color filters| kk4Es A 146G do Peld the calartiters in pracem thusgmpraving cotor filterretenton. In

particular, in this example, the support film 134 is wider at its top surface than at the deepest depth

where it abuts the adjacept color filters 1148, 1145 dus tpthe &Q@éfilﬁqﬁ ga%}h@king a trapezoidal

shape from the top of the support film 134 downwards. Figlre 20 shows an alternate processing

step to a beginning portio the processi tep shown in Figure 4E. Unlike in Figure 4E where the
pit etched E\%OC t ]égng%Sor 1Im f&% ﬁélsszctﬁgor |8r$ haa\%r%g‘ja1 \l/egrti@a%adtw%ﬁgﬁ:‘lgurgrgﬁ shows a

[ tep to initiall the pit hthatjt h id tom th [ t the top. Thi
ey b AehiR 0 by Sheriig e FitoB By 2eo e Bk Sl WA oEAiAG P4 Rafer and

holding the wafer at a tilt such that a normal to the wafer makes an angle to the direction of the
incomingierifl A€ FasHhamRs Shdviitin FGHE 262P35 - re1dtive té fHestdfer the incoming ions (in
solid arrows and dotted arrows) etch into the support film under the photoresist mask 450, creating
sidewalls that are further apart deeper into the pit. As seen in Figure 20, a portion of the support film
between adjacefit SitsERibit8 afnedking. Attbra pitieBMaving 1%1’%1 propérty ’s &re&fBa SuRtRer
processing may resume the remaining portion of the step description in Figure 4E, including switching
to the cofr€@spondingptastialdotelitions, ks fkate thelYemaiHRy 1owek bbitioh ot theapit fofthe second
light guide. In particular, sidewalls 136 of the second light guide is formed below a necking of the
support fim1184on 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 B. The angle B is selected so that B <
90 — asin(l / n2iignt guice) r Where n2iignc guice 15 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.



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. Each filter may hiayeya botfomithat ig parrowerdhan theitop aEsecend dight guiderli30by between
0.05um to 0.2um so that under -36- worst case alignment errors each filter bottom is within the top of

the correspanding s gide belgeq (fdgures g1A-2idlustiate progessing sigps tafarm the

alternate’embodiment of Figure 19. The process is similar to Figures 4A-4G, except there being no

provisionsf?roa g%rtion otctlherpit to ho%se a cgllor filter. %fter sgcond.li?%hgﬁige filrrg%%bove the support

film 134 is rer‘%oveoz,D %ﬁher%y etch-down or yle\l\f/l%(?lth(—:‘ysectzzoﬁ(ﬁ1 ﬁglh ide 13%ta ‘the support film

134 may assume the shape shown in Firgur 21A. 1t is,éwowever, Q%t nece%ilar for both to share a
flush flat ¢ ?I%?n%r%p% rfice of Sechi f%]h?bﬂilas 1 B]fﬂz{i/gbel ﬁ/e?ig é than the top of

support film 134. In the latter, adjacent second light guides may be mutually connected by a thin layer
of secon® gt Yarle film it Glef Froffthe REche & CRIP. BaBdetnentiyPsédone support film 140
is deposited. Second support film 140 may be silicon oxide or any material that may be removed by a
wet etch efplasma efchlthgtins L£oX bembresiowerlaict o colorfilier Indibisal ¥ebé tisadlto form
the color filters 114B, 114G. A lithography step (not shown) forms a photoresist mask (not shown) on
the secord sigppoattfiln 440, trérehes aretetbleat] into the file 1@ tafresolt mdhe strocture shown -37-

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 0.6um to 1.2um.

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

yellow, may be applied to fill the pockets 210 and



in Figure 21B. Subsequently, color filters 114B, 114G are formed in steps similar to described for
Figures 4H-4K, resulting into a structure shown :E{igure 21C then a subsequent one shown in Figure

21D. Finally, an etch-down of second support film 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 egrhodimeni wheee thesesengandfirst light guides arerboth gtehed ysipg dhe same mask

after the support film 134 is formed, and both filled with light guide material in one step. A process for

fabricating {his PItﬁ{g@%@QOq@?nt&g shaown, irbliigléreagé-.M. e process)is similar to the process

shown in Figs. 4A-L, except the opening for the first light guide is formed after the opening for the

second ”%ht as s.hoxvn in FIiﬁ]a 9F, where Jo adgitional n%ask is nﬁ%dced becau%e thv%Pirgtlglctive film 410

and the su%%grlfﬁl?n 134 above a%?aén Rard masks T0 %Io%%%té%antspﬁgtﬁ]liahf guides are filled in the

same step shown in Fig. 93. igure 22 shows an alternate eml:g)di ent comprising a sealing film
500 abovE TR TG SVIER 3530 BE bordh iterSTHAB CEr43 e SEbls AEGHETR. At o 422 n this
embodiment can hold air, nitrogen or other inert -38-

insoluble to a photoresist developer. A mask (not shown)

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 41 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



gases, or any gaseous medium. Sealing film 500 may comprise polycarbonate or acrylic or epoxy and
may comprise a plurality of layers. It may furtherggmprise inorganic particles, dye, or organic pigment
for filtering ultra-violate light and/or infra-red light. 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

reflectionyat the-Interfagg betweenscolor {ilterand.sealing filny Ifihe refrastive index gfthe 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, he Applied by, dynamis spin coating yhere the wafer spins.facing upyat agproximately 500

rpm while a Stream of resin is dispensed at the center of the wafer through a dispensing tip and after

the resin fluid ck%npéeteq Weeés tehe V\]/:aig%rhtgggesurf%cettgg wafer sping to higher speed, % 3000 rpm to

obtain a UNiform resin thickness, 1heresin may be cured 5§/nﬁgat oSrWhg t.wﬁ%e{eolg ggs is sealed in
gap 422 during the dispensing. Heating or UY shots m )élie applied during either_one or both of
Capensi T AAHG b St o FOTOte idansy toh bl f5ai ALHE Hom ARG Gaps. Final
heating or UV cure hardens the sealing film 500, -39 - and may help form boundary 510 into a

concave §RspePdUEtohERral EXFansion bof aRARS in‘the fap 422 five Sontavé il édrface 510

helps to diverge light rays that enter into the bubble from the sealing film 500 and direct the rays
towards €itfeF éalbistiltel 118G ¢ 1$4B 1A FeduR Gthe HspthFordir g4 422 may dEhalved
compared with embodiment having no sealing film 500. The wafer may be faced downwards during
high-speéthspinveoriiems afthebealihg $itm 5§00 abovel Bdreirpanis neyhisecrgmoxved by any one of the
known methods. Sealing film 500 may be applied to any embodiments of image sensor 100 discussed
in this patentapplitation: i n gFigure2sshpwesrihe dnagersensor 00 packagelbiara 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 }ﬁ'ﬁg@e@gsg}%aﬂ@ng& antadhegsive 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 color filters of the image sensor

100. If the sealing-#En300-and-the adhesive film, 820compiise dhessame maierial(g) darng this
curing, the adhesive film 820 - 40 -
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 i1s an air/material interface for the color filters



and the sealing film 500 can merge together into one homogeneous transparent film. The example
shown in Figure 24 is a known wafer-level chip-sggle package known under the trade name ShellOp

from ShellCase, now Tessera. This package is sealed from 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 tragesgontacts 840 atjunctiops 845 pBEHNH845ris spmetimgs srferred taas a kjunction, and
contact 840 as a T-junction contact. External leads 830 are coated with a protective solder-mask 850.

So'der'”ﬁ§‘§f8i@% is,a.diglectyic matgrial that electrically lsolateslgads 830 from external gantact, and

protects thelead surface against corrosion. Contacts 855 are attached to the bottom end of leads 830,

and are suitable for printed circuit board (PCB unting by known. methods..Cont 855 may be
formed bg Lo HEHGHE SLH 84 LASr Lalb o It ok G Stk Shabad f0 bes

mounted. s shown in Figure 23, from ahove the coyer glass 810, incaming light rays pass through

only flat (66HPES tobhiter SEd fiht GILE T30 EacRinfeird o2 fiEmimh o refiéoln due to the

small difference in -41 -
closer to the perpendiculars to the interface to undergo
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. TIf 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 film 134 has good internal reflection. Figure 16

shows an alternate embodiment where the support material

between the adjacent second light guides 130 is only



refraction indices on both sides, since glass has approximately 1.46, epoxy 820 and sealing film 500,
and color filters 114B, 114G between 1.45 to 1.?5 Figures 10A-H show a process to expose bond
pads 214 of the image sensor. An opening 2161 g’ty’ be formed in a first Insulator material 110 that
covers a bond pad 214 as shown in Figs. 10A-B. As shown in Figs. 0C-D the first light guide material

116 is applied-and a substaptipbportion pkthe seaterial 416 mayberemoyed Jeaving a thinner layer to
seal the first insulator material 110 below. The support film material 134 may be applied and a

correspording ppaning, 218 formed fherein,as shpwn in Figs. 1054 The secpnd fightgyide 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 OéDGﬂin 220 tg%f elxipi%ses th bgré(% E%d 1g%%.nTheEetchant pr;ferablg hgs a characteristic that

attacks IigtrwjtjgO e material “and 130 (e.g. sificon nlt'ride)l%%é? than'the jhsul&tor matérial 110 and

134 (e.g. sgicon oxid%) and color filter %1%4 (phatoresist). D{y etch in CHBIE/OZ has 5x-10x greater etch
rate on sificoH’fittéle thal off &oior fiite psiﬁ noxide’ < 4Za-rra}frgure “shows an embodiment
where an anti-reflection (AREstack comprising a top AR film 236, a second AR film 234, and a third AR
film 236 CVeRHBBMersiBnR tintd £02:Ghe Anfitefletlioit sRBINT56PESChé H@hSmission of light
from the first light guide 116 to the conversion units 102. Members of the AR stack together may

constitutellayelez30tthat aise BlaRkétahe Bigbstrate FOB eomversibie usiescroXantidlédirodes 104 to
protect the elements from chemical pollutants and moisture. For example, the second AR film 234 may

be a contactieteh-stop ritride filoe cemuhon lire CMCGS wafer fabrieationtfer stoppiag #w axide etching of
contact holes to prevent over-etch of polysilicon contacts whose contact holes are shallower than
source/dratirecantacts by typically; 2,008 Angstrams. sihefthisdk AR fiilm @32 may e siliconoxide. This
silicon oxide film may be a gate insulating film under the gate electrode 114, or the spacer liner oxide

film that reRs dgwa shessigg of the getr-elgeteadeslddheiwean the gate-anghibe spacer (not shown) in
common deep submicron CMOS processes, a silicide-blocking oxide film deposited before contact

silicidatiogde block contact silieiding, pLa combination thereof, or a blanket oxide film deposited after
salicide-block oxide etch that etches away all

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



- 43 - oxide in areas coinciding with the bottom of light guides 116. Using an existing silicon nitride

contact etch-stop film as part of the AR stack proyides cost savings. The same contact etch-stop film
also functions to stop the etch of the opening in’l él]lator 110 for fabrication of 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 guidgdmatedal: -dhetorARHiln 236 has a lawergetactive indexdhapthe dight 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 refiagiivelpdey than fa secpsd ARMIONZH. o W HE 1o AR 1236 e be silgap,oxide or

silicon oxynitride, having refractive index about 1.46, with a thickness between 750 Angstrom and

2000 Angstr referably 800 Angstrom. The second film 234 may be silicon nitride, (SI3N4),
qf%gnhgsdgx% (f?ﬁoﬁi\l\%ﬁtc I one d?\k’%&% Ega)a&n a a fOW&)]”O A{ne §

having refractive in 0 _ h a_tﬁickness be en 3 \ngstrom and Angstrom,
here 02552 ki DL <415 KA rericive WHEX Biouk 146, WA SHckdbecbetween 25 Angetrom
and 170 Angstrom, - 44 - .
downward force on each of the color filters 114B, 114G to
hold the color filters in place, thus improving color
filter retention. 1In 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 wafer 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,



preferably 75 Angstrom. The third AR film 232 may comprise the gate oxide under the gate 104 and
above the substrate 106 of Figure 2, as shown in Figure 3 of United States Application 61/009,454.
The third AR film 232 may further comprise gate fmér oxide as shown in Figure 3 of the same.
Alternately, the third AR film 232 may be formed by a blanket silicon oxide deposition everywhere on

the waferaftes a;salicidesblogk eighremoves,salicidehiockpxidered, gate-liner 9xde 55 AR
gate-oxide 54 shown in Figure 2 of United States Application 61/009,454 by using a salicide-block-etch
mask havinga mask opening coinciding with; the bottam of Jight grided16,, , nHhe antifgflection
structure shown in Fig. 11 can be fabricated by first forming the third AR film 232 and the second AR

film 234 gver the substrate, respectively. The insulator 110 may-be then farmed on the second AR film
234. Silicon %Jﬁrol 5 f?lrlnsr%ag1 be e%fgsgltéd%lf/%?é%\?g on 8lee |rstL %\gulgt%?qfl(? ina r%%ﬁrﬁglre[ﬁat covers
and seals the Insulator and ynderlying layers to form a protection film 410 with a thickness between

10,000 AﬁgﬁFotm ﬁ@ﬁ%o%ﬁ@gtr ,epr%fe?ably %‘%O %\%ﬁsﬁr@mgﬁ%uﬁ?pp ﬂ’ - &5 - film 134 may be
formed on the protection film 410 by, for examzle, HDP silicon oxide deposition. The support film

134 is m&SkEl 5A8 aFirst'dtchantRRpplied to Stc P eHiTgS if thersiipipbrtFint $34. The first etchant
may be chosen to have high selectivity towards the protection film material. For example, if the support
film 134 corhprises HDP sikcohidxitle arfiifthe protedibh filrRA10 @BmpAsds SilfcoR FREEE e first
etchant may be CHF3, which etches HDP silicon oxide 5 times as fast as silicon nitride. A second
etchant is then appliettp efchrthreughpite siteonimityide pyoteetiomfim 416. Thensecond @tchant may
be CH3F/02. The first etchant is then applied again to etch the first Insulator 110 and to stop on the
contact etehrsiop filmb 234 which cempusescsilicon nitride. T heicpntact eteh-siopdilmP34qacts as an
etchant stop to define the bottom of the opening. The top AR film 236 is then formed in the opening by

anisotropé%qerp@fsﬁiﬁ%mﬁﬁh%f%@ﬁr@akeoﬁa@«{ ¥ HRM silieorhexide deposition, that deposits
predominantly to the bottom of the opening than to the sidewalls. An etchant can be applied to etch

away anylesituel tor AR Updmatend halstands slanadhe sifewals gffhe easniag,or example by
y usi
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. Each 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



- 46 - the first etchant and holding the wafer substrate at a tilt angle and rotated about the axis parallel
to the incoming ion beam. Light guide material is_then formed in the openings, for example by silicon
nitride PECVD. Color filters may be formed over %}Qe' light guide and a portion of the support film
between adjacent color filters and a further portion between adjacent light guides may be etched to

create the strugture-showniin fHaent ckigures 28xkshew aHuocessderdabricating apather
embodiment of anti-reflection between the light guide 116 and substrate 202. Referring to Figure 12E,

in this embodim aaft%%toeijma%%datf@%%% fween ihe light gyide 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, wit) Adhickness begvaem 100 Angstrom and.300; Angstrogy, preferably 150

Angstrom. Forming the AR stack in this embodiment has an advantage of more precise control of the
thlcknesst%f the i con ébtRefllénm}%t f Irgé(lg%n%efoonpgun%%rengoa%nestgpf gg% éhse Sl|lé;]h'[ added

complexity of efc Ing through a oxi
similar 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 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 necessary 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. 1In 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. Subsequently, 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



- 47- nitride-oxide-nitride-oxide stack instead of oxidenitride-oxide stack for contact hole openings (not
shown). The previous embodiment uses the sec% d AR film 234 as a light guide etch stop and loses
some of thickness to the final step of insulator pit'etch over-etch. 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 onip the secencAR film 234, Jeliavad:bya light guide eich-stop film 238 made 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 quide, etch-stop il 238 Big 4120, shaws,an-apening 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
wavelengt for (s SmEretBctin Stadk o Fghrt L1 and 15 he 106 1o b AR i 258 toxide)
nominal thickness of 800 Angstroms, and varied +/-10%, whereas second AR film 234 (nitride)

thickness i 506 AgRtrorS and tHItd AR Rint 252 Gxide] thickn %&%ﬁ%{ng{%ﬂo%

curves exhibit steep decline .
down of second support film 140 creates a gap 422 between

e transmission

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-L, 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 500 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



- 48 - in the violet color region (400nm to 450nm). The nominal thicknesses of the AR films 232, 234,
and 236 constituting the AR stack are chosen toigsition the maximum of the transmission curve in the
blue color region (450nm to 490nm) instead of green color region (490nm to 560nm) so that any shift
in film thicknesses due to manufacturing tolerance would not result in transmission coefficient fall-off

much magg krvgletthan inred £olos regiare(630AM to J8ANMh g  rhigkreskAB iaagraph of
transmission coefficient versus light wavelength for the anti-reflection stack of Figure 11 and Figure

12E, for nominalisecond AR filmynitride). of 300.Angsiroms shick, and vatied +;10%.  Figure 13Cis
a graph of transmission coéfficient versus light wavelength for thé anti-reflection stack of Figure 11 and
Figure 12E I1‘10r third AR filr’rﬂ 2§2£riitcride2> oTiapal thickness of 75 An@g'gfr%'@g and varied +/-10%.

Figures 1%%\-8 ‘shiow aapr%célssafor fabrica ing another em gdirr[ﬁ%Xt of an |-reﬁec%8ﬁn%f%%ﬁ%etween the

light guides 116 and substrate 2Q2 to pravide two different AR stacks at two c(i)igerent pixels that each

optimizes-fo AiferéntBfor FgiéH: Thitd and SEcomiIaR fifm P32 Hid: & 482

filtering ultra-violate light and/or infra-red light.
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.
Air (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,



234 are provided over the photoelectric conversion unit 201 in Fig. 14A, similar to the embodiment
shown in Fig. 12A. In Fig. 14A, the top AR film Zéglis deposited to the thickness of thicker top AR film

236b shown in Fig. 14B. Subsequently a lithography mask (not shown) is applied to create mask

openings over the pixels that use the thinner top AR film 236a. An etch step is applied to thin the top

AR film 236 yinglgrthe mask apening ie: thesmalls thickness of tep ARl 236a e Fignd4B.
Subsequent steps, shown in Figures 14C to 14G, are similar to Figs. 12B-E. Green color filters 114G

may be %Qpliggg%gelpiéglgmgiggﬁheotpirg]ﬂm&@? filn 2360, whereas Blue aad Red color filters

on the pixels having the thicker top AR film 236b. Figure 15A is a graph of transmission coefficient
versus light wavelength far the anti-reflectj tack of Eig. 14G for a thinner,top AR film,236a of
orminal (e e 12 A, ALECoHTAR Fin D34 B nerbin I ek oo Bb8 Anast e, Adeta third AR
film 232 of nominal thickness 7 troms. This graph peaks in t%e. ree lor region at
approxim%?eW%%Pgﬁd &%ﬁs 8 o ;%E%Qintrg}gly @/géﬂﬁe é?ﬁrgr (gt(iﬁe ?ébgcolor region. This
graph shows that the thinner top AR film - 50- 236a can be used at red pixels as well as green pixels.

This thinfer 6 AR 2584 PayDEATd ot nidyRhtaGsixeld whertiRdgentd Eol6is baftdf the

mosaic pattern of the pixel array of the image sensor. Figure 15B is a graph of transmission
coefficiemt ¥ersus fighthraveldngthtiopthe dntitefidction sfack o Figa vAGforleathicker top AR film
236b of nominal thickness 0.20um, a second AR film 234 of nominal thickness 500 Angstroms, and a
third AR filpr282refdhomirdl thickness M6 Mingstroms.dT hisograph peaks in tio sedrate cblor regions,
viz, purple and red. This graph shows that the top AR film 236b can be used at blue pixels and red
pixels. This thickemntop AR filfia 236h may be ased atyetowpixelsywhenesetiow calar. 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 thedhickey ten AR il 2368 derdbodb blye pad sedhpiyels Alternately,

the pixel array may use the thinner top AR film 236a for both green and red pixels while the thicker top
ARfmnz?@%&Ué@KH@X%ﬁQn%ne 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
color 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



-51- Another embodiment to provide two different AR stacks that each optimizes for a different
color region can be provided by creating different second AR film thicknesses while keeping the same
top AR film thickness. Two different thicknesses éﬁe’ determined, one for each color region. For
example, thicknesses of 2800 Angstrom and optimizes transmission for blue and red lights, whereas

thickness;0f 650rAngstramiapymizesorsareen: ightsihgsecer@d ARLIM isfirst deposited to the
larger thickness. Subsequently a lithography mask is applied to create a mask opening over the pixels

that useshtggléggﬂgﬁggo@:,ggsfm 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 torhe undetstaed thap sych embediments ase merely illugirarye of and nglyestictive on

the broad invention, and that this invention not be Timited to the specific constructions and
arrangement: s_hggygr;a@gdﬁc{ﬂc\ag%%@, Igir%:vev I\{aﬁ%u eo]_;th%rhnéo i@%aggn% may oggurto (%ose ordinarily
L

skilled in the art. -
from ShellCase, now Tessera. This package is sealed from
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



What is claimed is: 11.An image sensor pixel, comprising: 2a substrate; 3a photoelectric conversion
unit supported by said 4 substrate; 5a sealing filniltransparent to visible lights, air 6 being above said
sealing film, light rays entering from T

refraction indices on both sides, since glass has
approximately 1.46, epoxy 820 and sealing 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 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/O,
has 5x~10x greater etch rate on silicon nitride than on

color filter or silicon oxide.



7 above said sealing film impinging on said photoelectric 8 conversion unit; 9a color filter wholly under
said sealing film; 10an air gap containing air or a gas, said air gap 11 being on a lateral side of said
color filter and under 12 said sealing film; 13a light guide below said color filter, a plurality of

Figure 11 shows an embodiment where an anti-
reflection (AR) stack comprising a top AR film 236, a
second AR film 234, and a third AR film 236 covers the
conversion units 102. The anti-reflection stack improves
the transmission of light from the first light guide 116
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



14 light rays entering said light guide from above said 15 sealing film crossing only flat interfaces.
12.The pixel of claim 1, wherein a surface of said4§ sealing film is concave, said air gap being under
said 3 surface. 53 T

oxide in areas coinciding with the bottom of light guides
116. Using an existing silicon nitride contact etch-stop
film as part of the AR stack provides cost savings. The
same contact etch-stop film also functions to stop the
etch of the opening in insulator 110 for fabrication of
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 (SisNy), 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 (SiOxNy, where 0<x<2
and 0<y<4/3), having refractive index about 1.46, with a

thickness between 25 Angstrom and 170 Angstrom,



13.The pixel of claim 2, wherein said surface 2 diverges light rays into said color filter, said light 3 rays
entering said air gap from said sealing film. 14.Aq jmage sensor chip, comprising: 2a cover glass; 3a
transparent film under said cover glass; and 4an image sensor dice under said transparent film,

preferably 75 Angstrom. The third AR film 232 may
comprise the gate oxide under the gate 104 and above the
substrate 106 of Figure 2, as shown in Figure 3 of United
States Application 61/009,454. The third AR film 232 may
further comprise gate liner oxide as shown in Figure 3 of
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

116.

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



5 said image sensor dice comprising a plurality of image 6 sensor pixels on a substrate, each of said
image sensor 7 pixels comprising: 8a photoelectﬂg conversion unit supported by 9 said substrate; a
color filter wholly under said transparent T

film 134 may be formed on the protection film 410 by, for

example, HDP silicon oxide deposition.

The support film 134 is masked and a first etchant is
applied to etch openings in the support film 134. The
first etchant may be chosen to have high selectivity
towards the protection film material. For example, 1if
the support film 134 comprises HDP silicon oxide and the
protection film 410 comprises silicon nitride, the first
etchant may be CHF3, 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



an air gap containing air or a gas, said air gap 13 being on a lateral side of said color filter and under
14 said transparent film; and 15a light guide belo%(v said color filter, a 16 plurality of light rays entering
K gs'sing only flat interfaces.

said light guide from 17 above said cover glass'c
the first etchant and holding the wafer substrate at a
tilt angle and rotated about the axis parallel to the
incoming ion beam. Light guide material is then formed
in the openings, for example by silicon nitride PECVD.
Color filters may be formed over the light guide and a
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 anti-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-



54 15.The pixel of claim 4, wherein a surface of said 2 transparent film is concave, said air gap being
under 3 said surface. 16.The pixel of claim 5, Whij}ein said surface 2 diverges light rays into said color
filter, said light S

nitride-oxide-nitride-oxide stack instead of oxide-
nitride-oxide stack for contact hole openings (not shown).
The previous embodiment uses the second AR film 234 as a
light guide etch stop and loses some of thickness to the

final step of insulator pit etch over-etch.

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 made 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



3 rays entering said air gap from said transparent film. 17. A method for fabricating a pixel of an image
2 sensor, comprising: 3forming a support film witQ an opening and over a 4 substrate that supports a
photoelectric conversion unit; 5 and, 6forming a

&ior filter in the opening of the support

in the violet color region (400nm to 450nm) . The nominal
thicknesses of the AR films 232, 234, and 236
constituting the AR stack are chosen to position the
maximum of the transmission curve in the blue color
region (450nm to 490nm) instead of green color region
(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 different pixels that each optimizes for a

different color region. Third and second AR film 232 and



7film; 8removing from above a portion of said support film 9 adjacent to a lateral side of said color filter
to form 10 an air gap adjacent the lateral side; and 11forming a sealing film on the color filter and the
12 air gap by a dynamic spin coating, the sealing'film 13 sealing air or a gas in the air gap from above.

234 are provided over the photoelectric conversion unit
201 in Fig. 14A, similar to the embodiment shown in Fig.
12A. In Fig. 14A, the top AR film 236 is deposited to
the thickness of thicker top AR film 236b shown in Fig.
14B. Subsequently a lithography mask (not shown) is
applied to create mask openings over the pixels that use
the thinner top AR film 236a. An 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.
Subsequent 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



55 18.The method of claim 7, further comprising 2 forming a concave surface on the sealing film, the

air 3 gap under the concave surface. 50

236a can be used at red pixels as well as green pixels.
This thinner top AR film 236a may be used at magenta
pixels where magenta color is part of the mosaic pattern

of the pixel array of the image sensor.

Figure 15B is a graph 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.
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Another embodiment to provide two different AR stacks
that each optimizes for a different color region can be
provided by creating different second AR film thicknesses
while keeping the same top AR 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.
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CLAIMS

What is claimed is:

1. An image sensor pixel, comprising:

a substrate;

a photoelectric conversion unit supported by said
substrate;

a sealing film transparent to visible lights, air
being above said sealing film, light rays entering from
above said sealing film impinging on said photoelectric
conversion unit;

a color filter wholly under said sealing film;

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 light guide below said color filter, a plurality of

light rays entering said light guide from above said

sealing film crossing only flat interfaces.

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

surface.
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3. The pixel of claim 2, wherein said surface
diverges light rays into said color filter, said light

rays entering said air gap from said sealing film.

4. An image sensor chip, comprising:
a cover glass;
a transparent film under said cover glass; and
an image sensor dice under said transparent film,
said image sensor dice comprising a plurality of image
sensor pixels on a substrate, each of said image sensor
pixels comprising:
a photoelectric conversion unit supported by
saild substrate;
a color filter wholly under said transparent
film;
an air gap containing air or a gas, said air gap
being on a lateral side of said color filter and under
said transparent film; and
a light guide below said color filter, a
plurality of light rays entering said light guide from

above said cover glass crossing only flat interfaces.
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5. The pixel of claim 4, wherein a surface of said
transparent film is concave, said air 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 said 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 1in 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.



