LI GHT GUI DE ARRAY FOR AN | MAGE SENSOR Reference to Cross-Rel ated
Appl i cations This application clainms priority to United States Patent

Appl i cat iwo 2000/@B4454 filed on Decenber 28,2007; Appli eatriusnoishsde?, 773
filed on January 28, 2008; 1

LIGHT GUIDE ARRAY FOR AN IMAGE SENSOR

Reference to Cross—-Related Applications

This application claims priority to United States
Patent Application 61/009,454 filed on December 28, 2007;
Application 61/062,773 filed on January 28, 2008;
Application 61/063,301 filed on February 1, 2008;
Application 61/069,344 filed on March 14, 2008; and
Application 12/218,749 filed on July 16, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

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

sSensors.

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



Application 61/063,301 filed on February 1,2008; Application 61/069, 344
filed on March 14, 2008; and
WO 2009/091484 PCT/US2008/088077

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.
7,119,319, Each pixel has a photoelectric conversion
unit 2. Each conversion unit 2 is located adjacent to a
transfer electrode 3 that transfers charges to a floating
diffusion unit (not shown). The structure includes wires
4 embedded in an insulating layer 5. The sensor
typically includes a flattening layer 6 below the color
filter 8 to compensates for top surface irregularities
due to the wires 4, since a flat surface is essential for
conventional color filter formation by lithography. A
second flattening layer 10 is provided above the color
filter 8 to provide a flat surface for the formation of
microlens 9. The total thickness of flattening layers 6

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

Light guides 7 are integrated into the sensor to
guide light onto the conversion units 2. The light
guides 7 are formed of a material such as silicon nitride
that has a higher index of refraction than the insulating

layer 5. Each light guide 7 has an entrance that is
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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
because of optical diffraction, the microlens 9 can cause
diffracted light that propagates to nearby photoelectric
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 adjacent pixels by
passing through either flattening layer (above or below
color filter) or the color filter’s sidewall. Metal
shields are sometimes integrated into the pixels to block
cross—talking light. In addition, alignment errors
between microlens, color filter, and light guide also
contribute to crosstalk. The formation, size, and shape
of the microlens can be varied to reduce crosstalk.
However, extra cost must be added to the precise
microlens forming process, and crosstalk still cannot be

eliminated



2. Background Information Phot ogr aphi ¢ equi pnment such as digital
caneras and digital cantorders nmay contain electronic i nage sensors that

capt ure |wohbodmoiaspr ocessing into still or video i magespcESet080880¢7 i mage
sensors typically contain mllions of |ight capturing el enments such as
phot odi odes. Solid state inmage densors can be either of the char ge

coupl ed device (CCD) type or the conplinentary netal oxide sem conductor
(CMOS) type. In either type of image sensor, photo sensors are fornmed in a
substrate andgar. 'k%& d %13 Lo di J{?&é'ﬂ{‘@' %@ys 9€a§ePﬁ8rS 21-
typically contain mllions of pi xel s to provid ?1 resol ution i mge.
Figure 1A sohchs 4 sectiopal view of priar art saol, |d j‘t at e B{Tr]age sensor 1
showi ng 4&dj epljxréﬁ‘%r Ha W%?ﬁ% seRsSoF, Claélﬁrlélgu ¢FfFrom U. S. Pat.
No. 7,119, 319 Each pi xel has a photoel ectric conversion unit 2. Each
conver si dri-Aii tr -Gt 1o at oS adatent Nt 14 -t LAnstér ekt SIS tiat
transfers charges to a floating diffusion unit (not shown). The structure
i ncl udes i riesr & tenbedded: i mian thesubalingnlay@&his. iTherdensorcarypi cal |y
includes a flattening | ayer 6 below the color filter 8 to conpensates for
top surfaceidd negid aridhes Huektoréihecwieesidn swace fadi ahesurface is
essential for conventional color filter formation by |ithography. A second

flattening.Jayer 10,{5providediabovectheceobar stidten.ddoqrovide a flat

surface for the formation of mcrolens 9. The total thickness of flatteni ng
Iayers 6 andgelosé)rllsugrst hlel’lgfugé J;f’ll tJe_l[lser!ClOl’lp%r ox| Xl%ley—p%uosu—m

nitride dual-layer film stack directly above the silicon
substrate, or a oxynitride layer having wvariation of
nitrogen-to-oxygen ratio there, but only reduces
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.



Light guides 7 are integrated into the sensor to guide |ight onto the
conversion units 2. The light guides 7 are forned of a material such as
sili con nworbemotdsat has a hi gher index of refraction tlpemushesiogsmut ati ng
| ayer 5. Each light guide 7 has an entrance that is wder than the area
adj acent to the conversion units 2. TRe sensor 1 may al so have a col or
filter 8 and a mcrol ens 9. The mcrolens 9 focuses light onto the
phot o phot oel ectric conversion units 2. As shown in Figure 1B because of

optical diffraction, th@Rf@$r§$ﬁM§R? §ANrERUSEvENKHRct ed |ight that
propagates to nearby d create optical
crosstal k and |ight Ioss The anpbunt of cross-talk increases when there is
a flattening | ayer above or below the color filter, positioning the

m crol ens far &herinawsy sforemrt e ¥4 lghthgui decludght acahotpesstalkkci nt o

adj acent pixels by passing through either flattening | ayer (above or bel ow
col or fild®ereyidheicot osubppbteedsbsi devabkr rietalanshizel dsysarlestsonet i nes
integrated into the pixels to block cross-talking light. In addition,

al i gnment eryQf s bef ween mcLoleps, C@hgrpﬁkbﬁe%aya%%dé!H“céﬁﬁégééﬂso
contribute to crosstalk. The formation, size, and shape of the mcrolens
can be var. to reduce crosstalk, wever xtra cost st .be added to the
precise ﬁiéﬁﬂié%scfd ﬁgﬁarp%%cesg ananc?SSE agfﬁﬁﬁdggh g&

el i m nat ed. Backward, refl ection fron1the i mage sensor at t he
substrat@q%ﬂ%w¥%u%9§%l%n%?%e%“F%%EEOEaﬁgﬁn6“P6§§rquﬁRﬁﬂ@l%ﬁﬁ%ﬂq%n As
showmn in Fig. 1A the light guide is in direct contact wwth the silicon.

Thi s |ntéﬂﬂaﬁé1ﬁah-Uaﬂsbabﬁﬁe5|?bﬁl@abaéﬂﬂérdlgéﬁl@@uﬁ@nﬂémay fromthe
sensor. Conventional anti-reflection structures for image sensors include

t he i nseritnddndd = ©xitlea pl gisadit coterdgal tkayer Thiel mistcdcknadi mrectd y above
the silicon substrate, or a oxynitride |ayer having variation of

ni trogen-40-0%yi0ef f Bl i0i dhes €acPube PNb¥nr educespieflect i-on hetoeen the
silicon substrate and a tall oxide insulator. This approach is not

appglcaMg%égg%%&rﬁaéﬂgegﬁfgg.|s silicon substrate and a nitride |ight
gui de. -



BRI EF SUMVARY OF THE | NVENTI ON An i mage sensor pixel that includes a
phot oel ectric conversion unit supported by a substrate and an insul ator

adj acent wo 2bévmosashstrate. The pi xel may have a cascade@ciriusbdosgssode,
wherein a portion of the cascaded light guide is within the insulator and
anot her portion extends above the i ns@l"ator. The cascaded | i ght gui de may
include a self-aligned color filter. The pixel may have an anti-reflection
stack between the substrate and the cascaded |ight guide. -6 BRIEF

DESCRI PTI ON OF THE DRAW:NGSrscrTHAl SAAHS dhhttastrati on showing a
rnage—sensUr—p#ggis—of—gie—prfor—art;

cross-section of two Fi gure 1B
is an illustration showng light cross-talk between adjacent pixels of the

prior art; o flgung 348N I usiTallon show 0o, a erosssseetion of two
i mage sensor pixel's of the “present” invention, igure 3ATI's an

illustration showng light traveling along an. air gap bet ween two col or
filters: ©f two imadge 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 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 wversus 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 3F is a table of maximal gap power loss for

different gap widths at a depth of 1.0um;



Figure 38 is an illustration show ng the redirection of light fromthe air

gap into the color filters; Figure 3C is a graph of |ight power
versus t hwodvei@nse al ong the air gap ; Fi gur e 3Dprs/m2@sagdy7nf gap
power | oss versus gap width versus distance along the air gap of w dths
0.6umand 1.0umfor three different cdlors; Figure 3E is a graph of
maxi mal gap power | oss versus gap width at a depth of 1.0um Fi gure

3F is a table of maxi mal gap power loss for different gap widths at a depth

of L.oum Trigure HOUL 3¢5 A dggfbéaepogr&glpagrgéragng%geekage_ of pixel

area for diff nt gap w dt ferent pixe i tches; Fi gure

31115 atable of, PLxel PPYEL Log.Lon; GhELOLE 9ap s, A i ferent

pitches;

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. 3;

Figure 5 is an illustration showing ray traces within

the pixel of Fig. 2;

Figure 6A is an illustration showing a pixel at a

corner of the array;

Figure 6B is an illustration showing light ray traces

within the pixel of Fig. 6A;

Figure 7 is an illustration showing a top view of

four pixels within an array;

Figure 8 is an alternate embodiment of the sensor

pixels with ray tracing;



Figure 31 is a graph of pixel power |oss versus pixel pitch for different

gap w dt hs; Figures 4A-L are illustrations show ng a process used to
f abri cat ewpheogmioxshs shown in Fig. 3; Fi gure 5 i spam/uskéosssgoat i on
showi ng ray traces within the pixel of Fig. 2; Figure 6A is an
illustration showi ng a pixel at a corfer 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
A i ng: i QU8 o8 oS A Al LAl ATRGRL MBnt Pt Be56RSAE BLXAl s with

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;

Figures 12A-E are illustrations showing an alternate
process to form an anti-reflection stack within the

sensor;

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;

Figures 14A-G are illustrations showing an alternate
process to form two anti-reflection stacks within the

sensor;



Figures 9A-M are illustrations showi ng a process used to fabricate the

pi xel s shown in Fig. 8; Figures 10A-H are illustrations show ng a
process twoespadessa bond pad; Figure 11 is an il | eernakeosns®mhpwi ng an
anti-reflection stack within the sensar; Figures 12A-E are
illustrations show ng an alternate pr@cess to forman anti-reflection stack
within the sensor; Figure 13A is a graph of transm ssion coefficient
versus |ight wavel ength for an anti-reflection stack; Figure 136 is a

h of t LSS tfici ' | . h
graph ot trangf,$s.01 5608l 'ac%fﬁﬁ’%éuéréﬁ%is@@%1?0?88%?113%&.e

anti-reflection stack; e 130 is a grap transm ssion
coefficient versus .light vel ength for .the anti-reflectian stack;
i gur es. THAS ar B a1 L1 PV ORGh Shahi AgTAR kI MGt S Tprotass 1 38 m t wo
anti-reflection stacks within the sensor;

on a left hand portion of Fig. 14G;

Figure 15B 1is a graph of transmission coefficient
versus light wavelength for a second anti-reflection

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



-9 Figure 15A is a graph of transm ssion coefficient versus |ight
wavel ength for a first anti-reflection stack on a left hand portion of Fig.

14G wbi2gaw®148%6 i s a graph of transm ssion coeffi cipemusz@ssss7t i ght
wavel ength for a second anti-reflection stack shown on a right hand portion
of Fig. 14G -10- DETAI LED DESCRI PTIrE\ Di scl osed is an i mage sensor

pi xel that includes a photoelectric conversion unit supported by a
substrate and an insul ator 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 thatgaspothi ohsekbheohi ght guide has an air
interface. The air interface Tmproves the internal reflection of the Iight
gui de. Additionally, the light guide and an adjacent color filter are
constructed wpnt r - (qs t p p f _the |ight
gui de and regggggﬁgggggggffﬁp$ﬁg§%;c ééggiégfé%gcgﬁ%? ?EEQP?S taguide
elimnate.the need for a mcrolens. Additionally, . an anti-reflection stack
is constﬁﬂ%ﬂ§§g§§%ﬁ??rﬁp?ﬁﬁﬁ%é?%c?P? 58898F§F§ng%ﬂﬂ 4 B Sw t he 1 ght
gui de to reduce |ight |oss through backward reflection fromthe inmge
sensor. P pikelsSofali ¥ faféntcibl bP Ra§ BePERdRFEdualling 6Ptith zed for
anti-reflection by nodifying the thickness of one filmwthin the

anti - ref llestliwtestackight gulltke phxel ipayoratkdde itthon isghtorguiides, one
above the other. The first light guide is located within a first opening of
the insulat athadjacenditdo dhe subshaat ebothetrsecandulliaghtr guide is | ocated
within a second opening in a support film which is eventually renoved
during fabyiicat i of o4 her pixel 11 4neokatqbi hter ois Jiocated within the sane
opening and thus self-aligns with the second |ight guide. The second |ight
gui de may, be off set. Jremihe, fLost ! Lt guide 3t Lhe oyter, cornars of fhe
pi xel array to caﬁ%ure ?igh% Fheldént "at tanonszefo anéie relative to the

vertical _axis. , o ,
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



An air gap is created between neighboring color filters by renoving the
support filmmaterial adjacent to the filter. Air has a |ower refractive

i ndex thamotb@/mugport fil mand enhances internal refleeCrascusiokson7t he
color filter and the light guide. In addition, the air gap is configured to
"bend" Iight incident on the gap intolthe color filter and increase the
anmount of |ight provided to the sensor. Refl ection at the
silicon-light-guide interface is reduced by creating a nitride filmand a
first oxi i I t i | L gh Ld e i,de fi may be
additioné%%?Lfkgggfégm%e?ﬁaﬁ%%géﬁi%??éggPFIﬁ?t?h%r%gggg'ttg%raﬁgg;of | i ght
frequencies fo effqgtive antl-l -1% - re%kection. The first, oxide filmcan
be deposiTEd iht'o-Hn ef&hdd bft 1BEFOFE 4ppri-tati 6iCsFt 1€ gt -Ghi de
material. In an alternate enbodinent, all anti-reflection filns are forned
bef ore a PiTUARCER chebtl affdlan addeYEBRER LY ghergiicde Cetdist op fil m covers
the anti-reflection filns to protect themfromthe pit etchant.

Ref er ri ng alor itdwe drraw Ngsheop exparti dubat by Iy litefreriendeaairyer s, Fi gures
2, 4A-L, 5 and 6A-3 show enbodi nents of two adjacent pixels in an inmge
sensor 106.tHEach i xeimd neperdesgaaphot bekestnirc acanver siiem wrd 102 t hat
converts photonic energy into electrical charges. In a conventional 41

pixel , electsode 104 reyide, a thanstenqsl eebrodg ioct hansher dhe ghar ges to

a separate sense node (not shown). ternatély, in a conventional 3T pixel

el ectrode. 104 e reset, el ectrod reset the photoelectric

conver si QWN{E%ké?rs%efﬁngt?%ﬁég ig4£§ﬁd08§ﬁ5efﬁﬁ§$ﬁﬁﬁ¥§ are formed
on a substrate 106. The sensor 100 al so includes wires 108 that are
enbedded BikSn 3N at9 ngpPlaye? 1ight inciggeh pitxél TRas 2899 r&t949 ght
gui de 116. The first light guides 116 are constructed with a refractive

mat er i al nehatthes @ hilgheveihdexlofxiefracti on than the insulating | ayer
110. As shown in Fig. 4B, each first -13-

An air gap is 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 1is 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

the range of light frequencies for effective anti-



i ght 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 -

asi n( nf | nvet2oemam14841- 11fi )t g"de), preferably 0, so thatcrhseesiossorpt al
internal reflection of light within the guide, wherein nifliaTinglayer and
niic-n, guLde are the indices of refriction for the i nsul ating | ayer
material and |light guide material, respectively. The light guides 116
internally reflect light fromthe second |ight guide 130 to the conversion

units 102..¢1o.¢ 31018 sef@adftftgtﬂ gyagetltﬁoc%eb Located ;ahove f qctst i ght

gui des 116 an nay be made Tromt e same nmaterial as the first 1ight guide

116. The top £ f th cond I| U|de 3 r than the bottom
end. whers CHETESCHHE | s LT 1300MBEY 81 RS Aot I oG Ul de. 116 Thus
the gap between adjacent second |ight guides 130 at the bottont(henceforth
"second GEFOrisl{ arferat hahtarnehe e8podagenél| add Pafder than the air gap
422 between the color filters 114B, 114G above the second |ight guides 130.
The seconc:fllighti guifdebnd 30r aayobeedf bsébrkatepalt] y swictthrhreespeatd t o t he
first light guides 116 and/or the conversion unit 102, as shown in Figure
6A, wher eim dde cem£r |1 ngh€2gef dkhetsrecendpl ifghtn guide s13%e Hhti-s of f set
fromthe centerline O of the first light guide 116 or of the photoelectric
conver si qn 4 &y 102 ¢ T otaéset EBY; vehundepending unen dde, piexel position
within an array. For exa ﬁ fset may be greater for pixels |ocated
at the outer portion of the array The offset may be in the sane | ateral
direction as I ht | {ght by the first
l'i ght gui de. EQ% #%glgent d%ﬁ%%\ﬁéngf a?%%ﬁ%%?ga§% Iggrelatlve to the
vertical axis, offset second | i guid 130 _pa n no light to the
et 11 GRS ST BtV OerS CecaRalr i Ghegurds G g firt 11 ght
gui de 116 together constitute a |ight guide that takes different verti cal

cr oss- se@Mstlisieipes @f i e fedeacepkxelselThénshapdtiegcopaniiozed to the
incident light ray angle at each pixel. Figs. 5 and 6B illustrate ray
traci ng flgr0 .a Ha@d mixdheicehtéesof mhoapeaycamndcatcoavearsiem ofnitthe array,
respectively. In Fig. 5, incident light rays cone in vertically. The second

light guildes 30 ateneentergotont hechbrst, hhght cguicdes ckh6. Both |ight
rays a and b reflect once within the second |ight guide 130 then enter the

first |ight, guide 146, v c%éﬁx‘?{ﬁ&%&? ﬁtakﬂlﬁ 19" hW-GE (A ARd then

ent er converS|on units 1 he secondﬁllght gui des 130
are of fset to the r e ce ter e array, which is

1
ovar s e 3 i {4 e QIBYLAL ML DEARERLE (BL BTt " SN Locie up

to 25 degrees relative to the vertical axis, reflects off the right

si dewal | SSPAIRE S eTONE | Tghe GuPHesR3Dn) hi t 4 14RATEERdatiés & he | ower - | ef t
sidewal | of the same, enters the first light guide 116, and finally reaches
conversi@mnyﬁntﬂmmalTh%:@i*eet ¢Sestichdehab 4t heyf lbeste 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.

FEach 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



| i ght guide 116 recaptures the light ray that exits lower-left sidewall of
second |ight guide 130. At each crossing of |ight guide sidewall, whether
exiting twe 2@mond4| i ght guide or entering the first |i gor/ugeecdessori ght ray
c refracts in a way that the refracted ray's angle to the vertical axis
beconmes | ess each tinme, enhancing prdﬁ%gation towards the photoelectric
conversion unit. Thus, having a light guide built froma first light guide
116 and a second |ight guide 130 allows the vertical cross-section shape of
t he |ight, .qui f ixel _tQ.npi t ptim ze -f [ | i ght
to the phlcﬁ%gﬂeﬁdgjc%%ééa{%%v%? i%%%ﬁn?tgigg?sglll q%uittihgtnglg%lrelsgﬁafcsga{}?de from
two separate light guides 116, 130, has.a_second _advant age of, reduci ng the
etch dopth gt Bach i ght gai fle”T16. 1307 Consedéntr . s He® - 16 - val |

sl ope angle control can achi eve higher accuracies. It also nmakes deposition
of |ight 'R hfift drd dbe | 6835 | FRely P o creabd lunwant-ed-keyholesga=whi ch of t en
happen when depositing thin filminto deep cavities, causing light to
scatter fyrom t heréfghtbyui e sponhencaletrer iing tdie keyhot esal Col or
filters 114B, 114G are | ocated above the second |ight guides 130. The

si dewal | yrpescpast ion Bigiandyadhasedhet gutihe, caherfiinl ter s, i.s. nore
vertical than the rest of second lightguide. Viewng it another way,

si dewal I's, of pdj acent colopnbiltanscbacinggachthersare gssentially
parall el . Fi%rst air-gap 422 between the color filters has a wi dth of

0. 45um or. | ess,, and depth of O.6umaqr.greater.. An_air gap with the
di monsi ordIS 1 EAt | HES o1 TR0 hbaY e  Baud 9 ELha i F5h I iR /t he gap to be
diverted into the color filters and eventually to the sensors. Thus the
per cent ad€ IREES ofe 4y ght Thept fgithgIendeRe L pPx e taue ald Ypassiligt hr ough t he
gap (henceforth "pixel loss") is substantially reduced. Li ght
i nci dent lupdrt & gap et weenoth@wl tghhsbudcdnt 188gitonshef duingteersref racti ve
i ndi ces becone diverted to

units 102.

The second light guides 130 are located above first
light guides 116 and may be made from the same material
as the first light guide 116. The top end of the second
light guide 130 is wider than the bottom end, where the
second light guide 130 meets the first light guide 116.
Thus the gap between adjacent second light guides 130 at
the bottom (henceforth “second gap”) is larger than at
the top, as well as larger than the air gap 422 between
the color filters 114B, 114G above the second light
guides 130. The second light guides 130 may be offset
laterally with respect to the first light guides 116
and/or the conversion unit 102, as shown in Figure 64,

wherein the centerline C2 of the second light guide 130



-17- one or the other when the gap is sufficiently narrow. In particular,

| i ght incident upon an air gap between two color filters diverts to one

col or filwerzoewootidse ot her when the gap width is suffici eotrhys2esmksor7 Fi gure
3A shows a vertical gap between two color filter regions filled with a

| ower refractive index nedium e.gqg. att: Incident i ght 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 .wav C o) L eng a f.,ronts..travel  at

sl ower sﬁ%%dﬁiégﬂ%Sﬁégﬁrgg?agg?ggyﬁ%ggxkge ?u%&eiﬁqﬁﬁfsqg'aébfgugké col or
filter havi an_ 1 ndex of approximately 1.6. Thus. t spaci.ng between
wavef r ont e?gmiﬁ%ég ?3@@%&%?§§¢5F%CfFPP%SFSFQD19€1Fiﬁ@é-thg#“%f t he col or
filter, resulting in the bending of wavefronts at the interface between the
col or filafdrssnd @l rVayjap APRCEALUSY ngPPRe thrPgRE Xfay 56 tdidvert! ftht t he
color filter.Figure 30 is a graph of propagated |ight power P(z) along a
verti cal aaxiarmzaywf ther aéxamgape di vhdedfbygethaaynbedgntedtieghtt power P( 0)
versus a distance z. As shown by Fig. 3C, |ight power decreases deeper into
the gap fuardid fleseite@apr Wit hsut8dr porapbdl y£f @hel esser, .gaprnd dt hs on the
order of one wavel ength and converges to be essentially negligible for -18

- 3 0ap WOl 44 LS. wavel fool Bear 2l ess raked fenth ofe 1.5 times
wavel ength. FromFig. 3C, It is preferabfe to have a depth equal to at

| east 1 t.ines,the wavel ength of the | ongest wavel ength of interest, which
o e50nm TR CHIEE hBta na OF of M6 SPOFEPURES rag s eSO ALt hi &
dept h, the percentage of |ight power incident upon the gap and lost to the
space furftiiert et (Feheef orf AT §aplrBes" } 1pEL 64€ 1 HaY B5%2 The col or
filter thus needs to have thickness at least 1 tinme the wavel ength in order
to filtemdnwimdemndightebntevéngot heegaprtocplevent unfiifltedred |ight from
passing on to |light guides 130, 114 and eventually to the conversion unit

102. If thegap isgit ldetdawth3a paapspar epremedighm etthemhd Hanrsir, with
refractive index ng, > 1.0, then presunably the gap would need to narrow to

0. 45und ncapyr 4.88%as Si1Ge e@f?&&iY@éiydEéE%H@eiig%tt%h@%éﬁlﬂﬁ%ﬁkfngth
remai ns the sanme but absol ute di stances are scal ed by "1/ ngaZ2.

Referring.to Fi-gure 30,. for d_Li f vel.ength .in.ajir. of .650nm at a
dopth of Toeur (T 400 1 HE  aberhag: RN AT e T o
attenuates to 0.15 (159 for a gap.wdth of 0.6 tine wavelength in air,

i e. 0.3%UMC At'ehudlt ot @Akt hesT ik uft af Saf6thd ClumhgPes =t

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. BRBoth 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

(ray b) and then enter conversion units 102. In Fig. 6B,



-19 - depth. Attenuation is steeper with depth for shorter wavel engths.

Fi gure 3D shows the gap | oss versus gap width Wfor 3 colors--blue at 450nm
wavel engtwo 2gospemsat 550nm and red at 650nm -at dept hspofi/u32@snmsantd 1. Oum
respectively. For a depth of 1.0um the highest gap | oss anong the 3 colors
and the maxi mal gap | oss for gap wi dths of 0.2umto 0.5umare plotted in
Figure 3E. Gap | oss against gap wdth is tabulated in Figure 3F. In Figure
3G gap area as percentages of pixel areas is tabulated against pixel pitch

and gap w %&?xﬁcﬁ‘ LY % &§”£§99a9@po%%@)c lt% ttﬁ]l% &q]%lhet Ofa;fd8. 3Gis

nultlplle respondi ng col utm ent s) to give
|1 t abul at d F t I
bi xe p?f%@rfs e St G GERSYr aHGLRG Arol® rigis Lo g

31 shows that keeping gap wi dth bel ow O. 45un1mou|d result In | ess than 8%
pi xel | ods-dr ket piteh betheenl . StuAfahBic218dim Ather arnge ki xel
sizes for conpact caneras and canera phones--for color filter thickness of
1. 0um Fdro |Hsslddraae 83%e hagape widt hhbelvowt@c35umxlis  needdd;ctforoffess t han
1.5% a gap width below 0.3um and for less than 0.5% a gap w dth bel ow

0. 25um tHig.riFhal soishows dhathpi xekohassigstl ess deor 3v,9gert pi xel s gi ven
the sanme gap w dth. Thus for pixels larger than Sum the above guidelines
resul t ineat Jeast: halying. (06,0l xelel0sSacws ) Bef @il Naydo Figures 2 and
5 again, it is ear t at the first air- gap 422 prevents crosstalk fromthe
color filter of ixel to an adjace ernal refl ection. Thus
t he colorQ“ﬁReHéb%14%r El%ﬁ?%%c% #ﬁﬁc?ﬁé aplkEXQa h€~§fqﬁ§ Toget her,
the color filter, the second light guide, and the first |ight guide al ong
ray a in SR Bhre tastided %@e?ﬁé?efoléaﬁpﬁpetpﬁﬁ(ﬁﬁﬁ fight and
convey to the photoelectric conversion unit 102 while mnim zing | oss and
crosstal kiidbil idkeige i br6 arecahi cheasebenetightwaklystlort | ¢xghts abseebing wal | s
bet ween color filters to reduce crosstal k, at the expense of losing |ight

t hat 1 npilrgitngiatewsalch aal $sqotibel fyhst gatitlegap 0422 packizeres negli gi bl e gap
|l oss by diverting light to the nearest color filter. And since there is no
Under'Y'Q&dﬂéﬁﬁé”B@gli@W@rg@ﬁéQ“éRH@wﬁ?horwEb%%%&S Eﬁﬁﬁrﬁihﬁﬁﬁs bet ween
adj acent i ght QUIdeS ike in prior art (see Figure 1B) e associ at ed

CrOSStalséé%n é% r%&%ﬁe or entering the first light guide,

light ray ¢ refracts in a way that the refracted ray’s
angle to the vertical axis becomes less each time,
enhancing propagation towards the photoelectric
conversion 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

depth for each light guide 116, 130. Consequently, side



-21 Air interface may continue fromthe color filter sidewall along
the second |ight guide sidewall and end above protection film410, creating
a second wonogap1424. The air interface between second acr/ugems4gsh7and t he
second |ight guide 130 enhances |nternal reflection for the second |ight

gui de 130. A protection film 410 %ny be formed above insulating | ayer
110 of silicon nitride to prevent alkali nmetal ions fromgetting into the
silicon. AIkaIi metal ions, comonly found in color filter naterials, can

cause '”Sv} 'élt%pé “ar!\@se ?ﬁ?%% °E§n EEBE%%' B9 ghleh-m-210;.8] S eeps out

noi st ure. e pr ot ect made o silicon n|tr| e (Si3MNd) of
t hi cknes betmee 0, 00 strons ngstro referably 7,000
Angst r o tl%leﬁtWéﬁ €% %Q fbh?ngafdg %EgQB%égngﬁﬁrH%ﬁn gui de 130 is

made of silicon nitride, the protection film410 which is formed of silicon
n|tr|de|L§Kﬁﬁﬁ|§ﬂkﬁﬁ@%&@o%%W%%HGQbB@ﬁhPH@Svn@ﬁﬁﬁﬁiﬁ&tﬁéy@@PEﬁPtC)seal t he
transistors fromalkali netal ions and noisture. If both first 116 and
second 130wdri glepquiitdiesy arleimof i mmdenod dekiconvhittieisde,catdreqy ot ecti on
film 110 may cover the top surface of the first light guide 116 to 22 _
provi de siigHtar: seatdigeOrsraht envat i yekygueaeenpbhe csicdemaldrsirand bott om
of first light guide 116. First 422 and second 424 air gaps together
forma cqqggqg ing to air above the top surface of the inmage sensor
Viewing this |n an er way, there exists a continuous air interface from
the protection f|In1410 to the top surfaces of the color filters 114B,

L4610 partigylar.cuhere s an aifz0an betyeen ahentop SHLM 8eesnd30 o

t he pi xel s. The eX|stence of 1 eni ng

light guides 130. The sidewall upper portion at and
adjacent to the color filters is more vertical than the
rest of second lightguide. Viewing it another way,
sidewalls of adjacent color filters facing each other are

essentially parallel.

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

substantially reduced.

Light incident upon a gap between two translucent

regions of higher refractive indices become diverted to



manuf acture all ows waste materials fornmed during the formng of first air
gap 422 and second air gap 424 to be renoved during the manufacture of the
i mage sensorooddifsar sone reason the first air-gap 422 ipeTAS08@88077
subsequent|ly using sone plug material, this plug material should have a
refractive index I ower than the colorl?ilter 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 coIor filters 1148, 114G Likewise if

sone fill, nmt fills. t ecppd.a ap.424 hi.s fill erigl needs
to have a Gﬁg éﬂ r%%t?%eﬁﬁ% eg ?h% g ggcongl%léhgjéﬁf\ 130.
Together lter 114 and Ii

or f ui des 130 an 116 onstltute a
oaccaded A g c’Jgftﬁrde Tgrh dndeee | w80 HRER, SRS e et i ¢
conversion unit 102 by utilizing total i nternal reflectlon at t he
i nterface® Wit H ekierhadivietia sachnascoheri Asditerorr1idcarmd e gaps 422
and 424. Unlike prior art constructions, |light that enters the color filter
does notV@Knsihﬁugapcwidﬁhcb$0$uffiteenoﬂythmahéxt pibxelreb A can only
propagate down to the second |ight guide 130. This nakes it unnecessary to
have a mginlens ahovecdD dosusetivgbh taot heleentrern tefr theyipineel area to
pr event Iight ray passing out froma color filter of a pixel to an adjacent

pi xel . Daijng O%atén M & epéfpgétévge%a'e& Bk 8l %atgl .ng, ihe

af orenment i one | em of alignnment error etmeen m crol ens and col or
filter that c u crosstalk, in addjtion to_l.owering nanufacturing
costs, e Of%n rentd e Dot b bt A asbaadaP Fg BGPdE PO her hol 4 an
advant age over prior art that uses opaque wall naterial between color
filters iTraaEt s dcitfent ¢ i ghte¥ al Fi AgVPREE REVAFFSt 2AIY gdp 427 bet ween
color filters 114B and 114G is diverted to either one, thus no light is

| ost, unmdamqﬁd(Wh%ﬂea@iu@¢srﬂh9rerEighvekseHo§DW@0d@hewmbdqug>walIs
between the filters. An advantage of this color filter form ng nethod
over priaharfatmihodsrigutdaspt browsl eaveifkber ssisgewald drse not defi ned by
t he photoresist and dye materials constituting the color filters. In prior

art col or,fjdt&lofiordn ng: methodse-thescelarehi bieksfgured Jaist jpyoduce
st rai ght S|dewaf%s after developing. This requirenent places a limt on the

sel ection .of, phot o eS|st erial .he th ye qust_ not absorb
l'i ght toﬁﬁ%héz %}f ore5|s$¥Fsmséﬁnglv§ %%ﬁheﬁﬁ%i(i t%on1of t he
color filter wll recelve less lig resultln% in col or fllter that is
narrover At 545 HottEm 3 hahh i3 ?OB ?ﬁ@rﬁﬁégé €l¥oltol f i 110 615 ng

met hod fornms the color filter sidewall by the pocket 210 etched into the
support fidanilga etdrewt vevgfngnba thetbhapaetepisstingsidofaitthe color filter
material or the accuracy of lithography, resulting in a cheaper process.
Anot her advidaridgel ©Vere primes athatobor thiel ten ofrorrilng riyetrfeedsl tisng hat gap
spacing control is uniform between

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



all pixels, and highly accurate at |ow cost. Here, the gap spacing is a
conbination of the line-wdth in the single |ithography step that etches

t he openiwg=oi9motdse support film plus the control of sipdeEwsgosiosseTng
during dry etch, both easily controlled unifornmed and highly accurately

wi t hout adding cost. If such gaps werto be -25 _ created by placing 3
color filters of different colors at 3 different |ithography steps as in
the prior arts, uniformty of gap widths is inpossible, the Iithography
steps beco Y n i nt r.qQl C e re
Steps becorp, Phnsgsi v ang fmﬁ%ﬁtétgﬁ%ﬁtﬁeﬁﬁ A o A e 0 and a
i ght guid 30 are for n th ope Lng, |n .t he SUp ort. film 134
(hencefoﬁt% ?Szﬂ?%ﬁégﬁ%BECad HEH dei) H&s PAT §§§§Hta&e over
prior art in that there is no msali nnent betmeen the color filter 114 and
the |ighth3gif e ASV HEIzbl bP #FI t@@s‘lllt hagesi déRaley teardtselF-align to
sidewal I s of the |ight guide 130. Fi gures 4A-L show a process for
form ng tthe ilmageesensore 1O0gtThef senserepay e iphodes$edrino ian poi nt
wherein the conversion units 102 and el ectrodes 104 are forned on the
silicon st rateodO6eands thea Wi €501881 agBtenbeddeddnydrhe imsul at or
material 110 as shown in Figure 4A. The insulator 110 may be constructed
froma | sref % "R e S S 5$idsi

(RI=1. 46;%Vlvl Tsﬁedét%gSH o%%ﬁgg%ﬂé%%?%?n?%oﬁ%ghtbgg%gt tlzlne \?\}lrttftH a chem cal
mechani ¢ |IShI rocess " , own |n Fi ,
houlat | i Et s (1 Ry bty by edPEaot SFREPEGnPEgurad PG GE 120, The
openi ngs 120 have slopln sidewal | s_at an angle a. The openings 120 can be
formed, byakafie,) ust %?r%%%tlté°|onTE?cﬁPﬁ@r(fRﬁEeF"ﬁﬁbcbss For
SI|ICOﬂ oxi de as the insulating material, a suitable etchant is CF4+CHE3 in
a l:2 fl owadt it hﬁﬂ&itmﬁ¢km¢$g0ﬂtgésaahdértl@@nﬁ@erwauﬁﬂenqﬁka$ﬂdewaH
angl e may be adjusted by adjusting the RF power between 300Wand 800W at
13. 56MHz.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



Figure 4C shows the addition of |ight guide material 122. By way of

exanple, the light guide material 122 can be a silicon nitride that has an
i ndex of wefw@awima of 2.0, greater than the refracti veprcmdszoosfosgone
insulating material 110 (e.g. silicon oxide, R =1.46). Additionally,
silicon nitride provides a di ff usi on barrier agai nst H20 and al kali et al
ions. The light guide material can be added for exanple by plasma enhanced
chem cal vapor deposition ("PECVD"). The |ight guide material may be
etched d o | eav j hner . a ter.pr [ fid to cover the
insulato?ﬁﬂ?ﬁ}é 5%%.%@% giggn%%rggﬁ%b%%i?Eigzggggﬁe%%64fhg%§%%iectrodes 108
agai nst H20 and Qlkali netal ions during the subsequent processes.

Al ternatiVel§ S19 e  first light guide material 122 is not silicon
nitride, a silicon nitride filmmmy be deposited on top of |ight guide
material 122 after an_etch-down of the latter to flatten the top surface,
to forma profeftién-F ISmOrto Hifatd Feat @St e TRy e? 2P ot thit 169~ éate 104,
and el ectrodes 108 agai nst H20 and al kali metal ions. The protection film
410 may s lsstsyeenl U9, V004 Ahgst verslandth, 000cAngstr ovd ithi ki preest er abl y

7,000 Angstrons. A shown in Figure 4D a support film 134 is fornmed on
top of the filroon-4i tdéwehs The suppar inéli hmMOL34 meydee tdividlgon oxi de
deposited by Hi gh Density Plasma ("HDP"). In Figure 4E, the support

filmis etghed doiorar openiAgs: ndhe: gREBENgS By sisnGisde; sirdeval |'s 136
that slope at an angle p. The angle pis selected so that p < 90 - asin(1

/where n2|]j | st | X actio f_t e l4,ght gui de
naterial%%g%g&gﬁgﬂ§ﬁﬂg $§%¥@9?sg§£t%§gF ?%Fegﬁglwﬁe%Péb%ﬁgg)ﬁ; in the
second i ght ides 130. Inc rﬁor ting tg@ separate |lights ggjdes reduces
the etchity Hepth ¥or RECh-¢Fght HhePbee nse%ﬁ@n .2 $196pe' i ' Fal
etching is easier to achieve with higher accuracy. The support film 134 and
second | i"gitthyui des2 B8R ee® be hader fr éin-t hénsdpgure 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 O0.5um.

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.



materials and with the sanme processes as the insulating layer 110 and first
| i ght gui des 116, respectively. As shown in Fig. 4E the sidewal |l may
have a vewbDi2o@loopmuti on and a sl oped portion. The verti ealr/uysesdsiossy7and

sl oped portion can be achieved by changing the etching chem stry or plasm
conditions during the etching process? The etch recipe during the vertical
portion etch is selected to be favorable for formng the vertical sidewall
162, then switched to a recipe favorable for form ng the sloped sidewall.
Flgur? 4%&..9 tiﬁ%éﬁ%ﬁéwgnt@£t|#99%19959§_E@F %%%lfCQYb ég exanpl e,
the light guide material can be a silicon nitride deposite or exanpl e by
pl asma enhanced chenic%% vapor de osltggn ("EEC%?O. . Fi.gure 4G shows
each second i Gut de' 930" Rasd @ pBEREL - 2182 UFh& TFoEREs 210 &% separ at ed
by a support wall 212, being part of the support film 134. Pocket 210 is
form by &téHl ng oo ¢ i PR Vyuvde rht BPFaF e68 léxposétt Reardl (R ghd

further till the top surface of |ight guide is below the top surface of the
wal | 212 the betweenl@H$umto 1. 2um 20 _ As shown in Fig. 4H, a
color filmmaterial 114B having a dye of a particular color is applied to
fill the pockets 210 and extends above the support film134. In this

exanpl e, the egelferrmatertcalr inay «cont adnd b uegalye, Col bs Eilkter thmterial is
typi cally nade of negative photoresist, which forns polyners that when

exposed tid ightsbes ah NE9Y UbL&vEALa Bhekakesikstrrdaveleperol A mask (not
shown) is placed over e material 1148 with openings to expose areas that

t
are Lo remin il e lhe o5t 15 Shohad gAY pier FLOUTE A sows the

sensor after etc Ceéss can be repeate h a different
color materjial such as_green or red tqg,create lor filters for each pixe

2. shown 6T K Gor 4. T TASt CRoPbr LIkt EF Pal LaBpl ied T 99 the remai ni ng
pockets 210, thus requires no mask step. In other words, exposure light is

appl i ed dweyshfere ¢he |helge gehder waPEEtherexpdsurce®ltdie | ast col or
filter filmeverywhere. During the bake step, the last color filter fornms a

filmthatfioverd ,apshal depixel sighhchudeepi xebls tak dtimert ddladrts.gulhee over | ap
of the last color filter on other pixels is renpved during a subsequent
color fildiengetedy, down progess showe khsEhgubetdether 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.



-30 - Referring to Figure 4G the pockets 210 provide an
self-alignnment feature to self-align the color filter material wth the
second | iwbt2omuods4130. The pockets 210 nay be wi der thaoTiuseoosossoespondi ng
mask openings. To reduce the thickness of the support wall 212 for an
desired second |ight guide opening fotla gi ven pixel pitch, the pressure in
the plasnma chanber may be increased to enhance sideway (i.e. isotropic)
etch (by increasing ion scattering) to undercut the mask. As shown in
Figure 4K t he I fil S 4 r C to. se the
support wal | %%g,q@éFﬁgggg?ﬁéﬁ?§¥Hé%§§%%d§€§%i$§§1§§$8i gé???gn of the
support film1l i s then renoved as.sh in Figure 4L .so that there is an
i Tt ert SIS T HCSS (OIS CES B of LPHFL 8PS-P1 FBLSTEAG ST diher  por ti on
of the support film 134 may be renoved as shown in Figure 4L so that there
i s an ai FfEtRMEtHE T abelPof LPheCs8EHABYI PgRECUICdE 3T AR Faft t her ai d
internal reflection by allowing light rays closer to the perpendiculars to
t he i nt erffteceaitro unider Qoce obat weéat esaabndebliecticon 42Pherfd ridte gap 422 has a
wi dth sufficiently small, 0.45umor less, so that incident red |ight and

| i ght of deesser meyel epgids 18P 8ghagcebt antbBenbilr st fgapt422 iodiverted to
either color filter 1146 or -31- 114G thus inproving light reception.

Li ght i nternald y, 1 ef] eets Ig@g thg color filters 1143, 114G and |ight

gui des 130 and 116. The cofor filters 114B, 114G have a hi gher refractive

I ndex than air so that the color filters 114B, 114G provides Interna
reflection. Likew se,..t G | A i h | face which
| mproves the ﬁh?gkﬁgftﬁgﬁﬁ2§¥$£g£%¢g%%¥g#%g§%%%$ egga?geghFPh?%Z%gupport
film134 1s not co etely renoved, .as | ong as the _support filmhas a

| ooter r P 1 1Rk {10 BE T bR bR Hac Terkay LRt 4% gt S, de
material (e.g. silicon nitride, 2.0), the Interface between the second

| i ght guifdem 3k Hnd g henseppet SHFaP134 Rasagoéodertatlerpals r ef | ecti on

Li kew se, the Interface between the first |light guide 116 and the first

| nsul at orcdnnian 111 0f @maysn goodot nf et hak metkedtilen. chinguraeisk |s a top view
showi ng four pixels 200 of a pixel array. For enbodi nents that |Include both

first andrsecond 14@9htn gubdesrihei areasB mayobecthenareanofstheisecond
| i ght guide top surface and the area C represents the area of the first

[ QU AN gu s ThE2rSRofpLILR Loaeith Rappdnde aea o
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



Figure 8 shows an alternate enbodi nent wherein the second and first |ight
gui des are both etched using the sane mask after the support film134 is
formed, awoO2betdeidsul | ed with |ight guide material in onecstusposAsgprncess
for fabricating this alternate enbodi nent is shown in Figures 9A-M The
process is simlar to the process shown™ i n Figs. 4A-L, except the opening
for the first light guide is forned after the opening for the second |ight
as shown in Fig. 9F, where no additional mask is needed because the

prot ecti ve. 4qn 410, and. the. pupport 111 m.134 abaye achag hard masks to

bl ock etchants. Bot I ght qui are int sanme step shown in Fig.
9G Fjgures 10A-H show a proces 0 _expose bo pads 214 of the inmage
sensor . A STy T FT 1 OF iBh PRCaC HPOL) ACqr L ororat er il 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 app]ied and a substantial portion of the
material 116 fs’rénmoved 2 %eaAGy ‘fzﬁ‘% rfher Jayerteecsear ?Héﬁ"f Prst

insul ator material 110 bel ow. The support filmmterial 134 is applied and
a correspondianF oper e 218t ¢ satbr akdvehehei fiors syhdwes ®iFitdgse 10E-F. The
second light guide material 130 is applied as shown in Fig. 10G As shown

in Fig. l0Hge sd3omaskiessieychhstepni asnusedrt aafyor mhanr copenigtgs 220 t hat
exposes the bond pad 214. The etchant preferably has a characteristic that

attacks Id ghintgul e ded £F | aht ddbaaB8dr3R t8elproikicganmidininde); § aster than
the insulator material 110 and 134 (e.g. silicon oxide) and color filter

114 ho | st i / S -bX- reat er h rate on

sili Ezgn Elt?j'[(racﬁ{ e %%ar%%%ﬁ%%%]%rg? iCFggr Qé%ggl F?ég%géx?&g%’ 11%(% gu% 11 shows
an enbodi nent, erein . an anti-reflection &AR& sta%ﬁlc nprisiggla top AR
film236F%d AR BT M 23420 aRdE 298 Ri PECARSH IFAS236 P sVer< G4

conversion units 102. The anti-reflection stack inproves the transm ssion
of |ight 3t H9irstels ght Hurdexizsenect e EbAveOHICER Nenids 110D,
Menbers of the AR stack together nmay constitute |ayer 230 that al so bl anket
t he substraatef dkifyr € onverss omasihet saib2iand ébeckedodes 1104 the prot ect the
el ements fromchem cal pollutants and noisture. For exanple, the second AR

film 234 mayniey acomast £iehgspop2ni khbdeebihm eammend moAMS waf er
fabrication for stopping the oxide etching of contact holes to prevent

Ceer oo avafle BOLYER LR O AR SRTLA SRR BRI L S,
may be for some reason the first air-gap 422 is sealed

subsequently using some plug material, this plug material

should have a refractive index lower than the color

filter material so that (i) there is internal reflection

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

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

114G. Likewise if some fill material fills the second

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



-34- silicon oxide. This silicon oxide filmmay be a gate insulating film
under the gate el ectrode 114, or the spacer liner oxide filmthat runs down
t he si de wb névogatie el ectrode 114 between t he gat e andprhass@aosso’f not
shown) in conmon deep subnm cron CMOS processes, a silicide-blocking oxide
filmdeposited before contact silicidation to block contact siliciding, or
a conbi nation thereof, or a blanket oxide film deposited after

sal i ci de-bl ock oxide etch that etches away all oxide in areas coinciding
with the ol d i 16. i exi Sti klJjcon nitride

cont act é?blﬁgg%%-?%%%@%%9%%?%5%%}?hggigggfggﬁ ébg&i gg§§Jst savi ngs. The
same cont act. etch-sto ilmalso. functions to_st the etch of the opening
R el or G oro Fbr  CHeT O of LR TGHt “gurs. TRIREIARE T he t op AR
film236 is forned in the opening in the insulator 110 prior to filling the
openi ng Wi ISR deetrat ef @l 25 the FReulgpCARML mreB&Has a | ower
refractive index than the light guide 116. The second AR film 234 has a

hi gher refaract4die amtlek2 4 hanUnhekéopr ARcf eikin 286.s tThettiminesd ARJHY m 232 has
a lower refractive index than the second AR film234. -35 - The top
AR film 236 treshthe- Sidhe oo DXt dei Dtesi HbegnnexyrirbisisdevdravidgHef racti ve

i ndex about 1.46, with a thickness between 750 Angstrom and 2000 Angstrom
pref er ablay, 800 Angsts o dhe seconds 881 blLm 234 BRY DB Siddgan nitride

(Si2N4), having refractive 1 ndex about 2.0, wt hi ckness between 300

Angstrom and 900 ,Angstro preferably 500,Angstrom The third AR film 232
may be siQWQJ%QDﬁ %ﬁcéﬁ?i£b%héxgﬁ¥g?igéO(Si%kﬁﬁ,mﬂﬁ@fblﬁ<x<2 and

O<y<4/ 3), having refractive index about 1.46, with a thickness between 25
Angst r omUaRtE SR Fngst? i Vpr ef BabPye?5 ARGYEr &M TPRE St Hid AR T i | m 232
may conprise the gate oxide under the gate 104 and above the substrate 106
of Figurelr estshownt | théiguxel 3apgalhpt pdeSeates 1Appl ireat irers BIID09, 454.
The third AR film 232 may further conprise gate |liner oxide as shown in

Fi gure 3 mft thesare:oMbt ef hatet yoft heptRendtARahi lamj232nmyp ibe1f or ned by a
bl anket silicon oxide deposition everywhere on the wafer after a

sal i ci deh £iLh femmves-sal Lgkdea bl gckegxirde 64 gatg+ldiely oxi de 55,
and gate-oxi de 54 'shown in Figure 2 of United States Application 61/009, 454

by using sald ci de- bl ock- et ch k havi mask openi ng..coinciding wth
t he bottéﬁh%ﬁgﬁ?Eﬁﬁe%ﬁﬁ%ﬁsﬁi%?og?gm o% ang%men% error tween
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 opague wall
material between color filters in that incident light
falling into the first air gap 422 between color filters
114B and 114G is diverted to either one, thus no light is
lost, unlike prior art pixels where light is lost to the

opagque walls between the filters.

An advantage of this color filter forming method over

prior art methods is that the color filter sidewall is



-36 - The anti-reflection structure shown in Fig. 11 can be fabricated
by first formng the third AR film 232 and the second AR film 234 over the
subst r at eyornempecisivel y. The insulator 110 is then fornmedTas2ddsessmerond AR
film234. Silicon nitride filmis deposited by PECYD on the first insulator
110 in a manner that covers and seal s?the insul ator and underlying | ayers
to forma protection film410 with a thickness between 10,000 Angstrom and
4,000 Angstrom preferably 7,000 Angstrom The support film 134 is forned
on the protection fil,m 4 il i de deposition.
The suppﬁﬁF¥§%¢§%%91§% %@%E%%og§%e§§??Pé§deE haﬁﬁtfgq§6%¥ied to etch
openings in the support film134_ . The first etchant is chasen to have high
sel oct | vidY YOURRdS e priot bat | bl EF i matr PAICPFGY tekdnglie, i1 the
support film 134 conprises HDP silicon oxide and the protection film 410
conpri sesd &P trY dectip@ssi 8¢ ePeRAnt 1hkyTbé OCAES, MMFitch et ches HDP
silicon oxide 5 times as fast as silicon nitride. A second etchant is then
appl i ed troraetwte tdirmougiht heidévatoba afterddepedbediigon flilim 410. The second
etchant may be CH3F/ 02. The first etchant is then applied again to etch the
first inswWaqatioferdd:O: apth¢®s shopientt be ennat aetieetchmstogp film -37- 234

whi ch conprises silicon nitride. The contact etch-stop film 234 acts as an

et chant shop 4,0 defd nend hey bont ooy of 1t Becgneni g The LERARLL | m 236 i s

then fornme e openi ng by anisotropic deposition nethods, for exanple,
PECVD or HDP sil.ic oxi de depositio t hat .deposits predominantly to the
botton1oF&Fﬁgi%5%ﬁﬁﬁb E%aﬁhfggtﬁ%enggﬁﬁFFE}sinlgt@ﬁgﬁﬁﬁégﬁ’be applied to
etch away any residual top AR filmmaterial that extends al ong the

si dewal | LR HS DPeift NPt FOF ekarPEeCByCdr ¥ 1éteR Wdildg B& % st et chant
and hol ding the wafer substrate at a tilt angle and rotated about the axis

paral | el Ytems hHelghicom eyl ohndeam cebiight fglicde mhkedr ilal nesrchar faormed in
t he openings, for exanple by silicon nitride PECYD. Color filters may be
fornmed overs tdweddrghthgui dies abdpa pohti ppeebntheocsuwpparitl fdd m bet ween
adj acent color filters and a further portion between adjacent |ight guides
may be etched 10 real® thenstryctupeoshewdid EkGew11 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



Fi gures 12A-E show a process for fabricating another enbodi nent of
anti-reflection between the |ight guide 116 and substrate 202. Referring to
Fi gure 12&0 2009/09iniss enbodi nent an etch-stop film 238 i spcmuse@ssssh7bet ween
the light guide 116 and the anti-reflection (AR) stack -38 - conprising the
top AR film 236, second AR film234, &hd third AR film232. The | i ght guide
etch-stop film 238 nmay be forned of the sane material as the |ight guide
116, and may be silicon nitride, with a thickness between 100 Angstrom and

300 Angstrom. Hf o erably; d30; Aogstrom  Fordi By Lhe AR-shackoiadhs

enbodi nment advant ag nore preclise control of t

second AR fj.l at _the expense of one nore.depositiaon step and the slight
2ddeq compl B AT B ok L uet ShPOuShoR" 0RF dats CPEdE- GRF e TaTr | de- o, de
stack instead of oxide- nitride-oxide stack for contact hol e openings (not
shown) . THE fsiavd lousClendorli feRt R Bises LtRBCSEEOAG  ARNEI LI Py | i ght
gui de etch stop and | oses sone of thickness to the final step of insulator
pit etch sowgrs éiesdnme expdssshomwnand Bidswal2ApBoftile tduntd 232 and second
234 AR films are applied to the substrate 106 and then a top AR film 236 is

appl i ed e sesontbAR §i+mha@d4t .fol lowed by a |ight guide etch-stop
film238 made of silicon nitride. As shown in Fig. 120, the insulator |ayer
110 and wiring el ectrodes 108 are fornmed above the AR filns 232, 234, and

236, and |ighty guisdeRich-istap Juilde 238 r&i 9. 5 120 shows 1 anr-openi agqet ched
into insulator 110, stopping at the top of the |ight guide
a light guide 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

self-align to sidewalls of the light guide 130.

Figures 4A-L show a process for forming the image
sensor 100. The sensor may be processed to a point
wherein 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 can be flattened

with a chemical mechanical polishing process ("CMP").



-39- etch-stop film238. Fig. 12E shows the opening filled with |ight guide
mat eri al . Figure 13A is a graph of transm ssion coefficient versus

| i ght wawsbeogideidser the anti-reflection stack of Figurectissandossogure 12E,
for top AR film 236 (oxide) nom nal thickness of 800 Angstrons, and varied
+/-10% whereas second AR film 234 (n?QTide) t hi ckness is 500 Angstrons and
third AR film 232 (oxide) thickness is 75 Angstrons. The transm ssion
curves exhibit steep decline in the violet color region (400nmto 450nm.
The nonmi nal tle'ﬁC‘éﬂ%%e%nofm@&J\%g ! '-{Pﬁs@%@i%&fﬁa@é@ﬁ%mgg“%y tuting the

AR stack are chosen to position the maxi num o e fransm ssion curve in

the blue color regio 450nm t o_490n i nstead.qaf green col or. regi on (490nm
o 580N T {Hat aryP SR 1TOFh PR HPERAEGced Hus Lo SRRt ng

tol erance would not result in transm ssion coefficient fall-off nuch nore
in viol ettdthdPis TP oy of 1@y bhS(B880AM £BITG0AM) . The OFEIGUE 138 is a
graph of transm ssion coefficient versus |light wavel ength for the

anti - r ef |1661 iaam steackowfedr goy eeddmphd, Fugung d2Egeaicdri veomiamal second AR
film(nitride) of 500 Angstrons thick, and varied +/-10% -40 -

Figure 13Qdrsiry grepieof pransssssi porceefficenentivier sius dheght wavel engt h
for the anti-reflection stack of Figure 11 and Figure 12E, for third AR

fi1m 232 (Rldrddels oM 0al o 1 hi £kogss,0f o 78 Ang8k! OB crapdgraripd, +/ - 10%
Fi gures 14A-G show a process for fabricating another enbodi nent of

anti-reflection stack.betmeen.tge.liggt ﬁuides 1%6 agg s%bstrat o%02 to
provi de t\ic’ difHereht AR STacksat "t WbIar't PareRt Opi xel“s "t ivat ‘each “opt i mi zes
for a different color region. Third and second AR film 232 and 234 are
provi ded Ttfers ¥ phbot ed 62t ¥ BBn9ersrbRJuRit 220 Sitd S Fha1 4k sinilar to
t he enbodi nent shown in Fig. 12A. In Fig. 14A, the top ARfilm236 is
deposi t edpawent Heettig ok ndseW oind hB eREr at op 3SAROHEHEZM 236b shown in Fig. 14B
Subsequently a lithography nask (not shown) is applied to create mask

openi ngs over the pixels that use the thinner top AR film 236a. An etch
step is appli @lguoet HiCn stthevst aheARdd 1t @B6oindeght heuhdskmepeniing to t he
smal | er thickness of top AR film236a in Fig. 14B. Subsequent steps, shown
in Figuresp40 B A oarexshpiearche Figse 32Bdk. n@teen goligr fdditers 114G

is applied on the pixels having the thinner top AR film 236a, whereas Bl ue
and Red ¢l of Jil4&rs on i Nge pixel sphaving;bhg.t hiccker: top /AR fid m 236b.
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. This seals the conversion unit 102, gate 104,
and electrodes 108 against H,0 and alkali metal ions

during the subsequent processes. Alternatively, if the



-41- Figure 15A is a graph of transm ssion coefficient versus |ight
wavel ength for the anti-reflection stack of Fig. 14G for a nom nal thinner
top AR fiwon8®6mi14f nom nal thickness 0.12 um a secondpraRUs2éosi0847 of

nom nal thickness 500 Angstrons, and a third AR film 232 of nom nal

t hi ckness 75 Angstrons. This graph pe%&s in the green color region at
approxi mately 99% and drops gently to approximately 93% at the center of
the red color region. This graph shows that the top AR film 236a can be

used at fﬁdfgoéxl%'@nl@sgmé AS: O P20 phxels. [ ¢ sifFﬂi%rnﬁ 3B g a graph of

transm ssi on coe cient versus Iight wavel ength for the anti-r'eflection
stack of Fig. 14G for.a t AR film 236b of naom nal thickness 0.20um a
second AR PG 23 r - Tort hh TR cRReSSD800 ANGSY 67 nd i rd AR {1l m
232 of nom nal thickness 75 Angstronms. This graph peaks in two separate

col or rediore RALT puk ple2 anbitpedanTRFShgFaph Showdet Hat tie tOp AR film
236b can be used at blue pixels and red pixels. A pixel array nmay use
t he t hi nneratttog AR |t op 286af foe, greehopinxel sromky titin & itllre 41H] cker top AR
film236b for both blue and red pixels. Alternately, the pixel array may

use the tdHdmedediop AR fidimm@86aohonnboet hogregate- 424, andi red pixels while
the thicker top AR film 236b for blue pixels only. Anot her enbodi nent

to provi %qetmcsﬂébg elr@é‘tadear%%@(:ﬁ?otﬂﬁﬁ each opplpizes for argifferent

col or region can be provi y creating different second AR film

t hi cknesses whi |l e keepj ng e sang t AR fi i.ckness. Two different

thi cknos 0P T ot o Mot DGRET e BBERCeDI ofr PGt oRE SHireactit AR Tl m
is first deposited to the | arger thickness. Subsequently a |ithography nask
i s appliéed @ dHestle diiraskt openPhgiBvePlyhd  Pfil¥e e IshdtoMifses the smal | er
second AR filmthickness. An etching step is applied to thin the second AR

fil munder the mask opening to the smaller thickness. Subsequent steps are
i dentical to B ghpes 1pBFEgure 4D a support film 134 is formed on

top of the silicon nitride. The support film 134 may be

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

In Figure 4E, the support film is etched to form
openings. The openings may include sidewalls 136 that
slope at an angle (3. The angle 3 is selected so that B <
90 - asin(l / nN2iignt guice), Where n2iign: guice 1S the index of
refraction of the second light guide material 130, such
that there is a total internal reflection within the
second light guides 130. Incorporating two separate
lights guides reduces the etching depth for each light
guide. Consequently, slope side wall etching is easier
to achieve with higher accuracy. The support film 134

and second light guides 130 can be made from the same



Whi |l e certain exenplary enbodi nents have been described and shown in the
acconpanying drawings, it is to be understood that such enbodi nents are
nmerely ilwobesawiase of and not restrictive on the broadpcmuspiososso7and t hat
this invention not be limted to the specific constructions and
arrangenments shown and descri bed, sin€® various other nodifications may
occur to those ordinarily skilled in the art. -43 - The subj ect

t echnol ogy is further described in Annex 1, which is incorporated herein.

-44 - NggéEL ls gﬁ@e%réhcgﬂél§£ﬁe0£rgcgssA@p C%%EPQA%Ufg¥%£§4 filed on

Decenber
layer 110 and first light guides 116, respectively.

As shown in Fig. 4E the sidewall may have a vertical
portion and a sloped portion. The vertical portion and
sloped portion can be achieved by changing the etching
chemistry or plasma conditions during the etching
process. The etch recipe during the vertical portion
etch is selected to be favorable for forming the vertical
sidewall 162, then switched to a recipe favorable for

forming the sloped sidewall.

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

chemical vapor deposition ("PECVD").

Figure 4G shows each second light guide 130 has a
pocket 210. The pockets 210 are separated by a support
wall 212, being part of the support film 134. Pocket 210
is form 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.Z2um.



-45 - Provisional Patent Application of H ok-Nam Tay for TITLE:
Anti-Reflection in Pixel BRI EF DESCRI PTIONS OF THE DRAWNGS FIG 1 a is a
prior-ar twdReogpioxsls using silicon nitride in anti-refl eetiras2aisasgdor7 Fl G
Ib is a prior-art MOS transistor construction utilizing silicon nitride as
cont act etch-stop. -29 -
As shown in Fig. 4H, a color film material 114B

having a dye of a particular color is applied to fill the

pockets 210 and extends above the support film 134. 1In

this example, the color material may contain blue dye.

Color filter material is typically made of negative

photoresist, which forms polymers that when exposed to

light becomes 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.

Figure 4I shows the 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
each pixel as shown in Figure 4J. The last color
material applied fills the remaining pockets 210, thus
requires no mask step. In other words, exposure light is
applied everywhere on the image sensor wafer to exposure
the last color filter film everywhere. During the bake
step, the last color filter forms a film that overlaps
all pixels, include pixels of other colors. The overlap
of the last color filter on other pixels is removed
during a subsequent color filter etch-down process shown

in Figure 4K.



FIG 2 is a prior-art MOS image sensor pixel utilizing silicon nitride as
contact etch-stop and in anti-reflection stack. FIG 3 shows silicon
nitride owenomxistssand silicon forming an anti-reflecti eoratsaak/ogsmenr di ng
to one enbodinent of this invention. FIG 4 is a light transm ssion graph
plotting transm ssion coefficient verds l'i ght wavel ength for three

di fferent thicknesses of oxide under nitride in the anti-reflection stack.
FIG 5 is a light transm ssion graph plotting transm ssion coefficient

versus |ight Qe O e i o] rieLs
ant|-reflectlgg%gkgg%bgccor ng tgkglé?géﬁ5gggét£6gl? %ﬁ%mﬁ?% “fabri cation
steps to b d . anti-reflgctjon stack ens i xel according
o bme. o TGS hi ST HUER Fone S s RGNS 1B GodoE L7 RS EACKGROND
a silicon imge sensor, such as MOS i mage sensor, where |ight sensing

el ement (Hotodt ode! tly pf eal $§5014 %éﬁ@étﬁu§ﬁ?|é§ﬁ surtfi&c @ & bkher e

incident light needs to pass through silicon dioxide before reaching |ight
sensi ng elldhernty hdevidét echaonthe therexpdedsinki cemki micenfiace .can reach as
much as 40% causing reduced sensitivity.

To reduce the thickness of the support wall 212 for an

desired second light guide opening for a given pixel

pitch, the pressure in the plasma chamber may be

increased to enhance sideway (i.e. isotropic) etch (by

increasing ion scattering) to undercut the mask.

As shown in Figure 4K the color filters 114B, 114G
are etched down to expose the support wall 212, being
part of the support film 134. A portion of the support
film 134 is then removed as shown in Figure 4L so that
there is an air/material interface for the color filters
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 second 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 impinging into the

first gap 422 is diverted to either color filter 114B or



Using plural layers of thin filnms over silicon to reduce reflection has
been practiced in the industry. One exanple is US6, 166,405 FIG 7 shown here
as FI G lavobhe/pisical stack consists of gate oxide 41 @chasowisiogsogr own)
plus silicon nitride film45 (deposited) plus oxide film46 (deposited).
Silicon nitride film45 is directly onltop of gate oxide 41. The thickness
of gate oxide 41 is fixed according to the process. Typically, if 3.3v
transistor is included in the chip, thickness of gate oxide 41 is about 70
Angstro er ap o] t hi. e f. O oxi de 41
s abouFEAS%Qnégﬁ%% ﬁy %h %ﬁ%dée%%Fggness gbglm %'tggbnqgézow silicon
nitride is fixed para er i C aves si.l.i,con tr.i thlckness as
the only f5 fiteter® 1Y ne@ mf?ﬁhfo?bQ?GSEt}Egﬁ’tFaﬁg '§§% qﬁbeff|0|ent
which is often suboptlnal FIG |b shows a prior art of a typical dlgltal
CMOS pr ocBEisiaherd) atayklt of 5iPi €0ACAI £LLEETST LddWer 3 14T ineofe sur f ace.
Silicon nitride film57, typically called etch-stop nitride, serves two
purposeshugneﬁrn&ﬁmﬁdt@wsiimdan tham diiel ect thet63habowd dro prevent

nmoi sture and positive ions in the dielectric 63 frommgrating into

transi st ari 1gades oxi 4, 541 4@ndrh)dstopndeehact rie€ 1eicghiorng during contact
etch process step so that regardless of dielectric thickness the dielectric

et chi Ng St0Rs,-alk t he,di 14498 fﬂghtfﬁﬁﬂhw‘“l@l@ Aai L de eteh gartdes on

further to conpl ete contact o etch in the nitri filmwhich has uni form
t hi ckness ,r.egar.dl ess_of nderl o] Nitride film57

I oknesd/ T8 ATy Bt vkt SOb AGL: F BbeEs X600 PATESEE GRt i ed for
bot h purposes (a) and (b). FIG 2 shows a prior art MJS i mage sensor pi xel
that makéRifse of let E]Hesfsﬁﬁpﬁirttr ifdd 57 35 Jp%rlfloBf CPPELEREILYT émERtShn

stack. This stack consists of gate oxide 54, spacer-liner oxide 55,

sal i ci dedd dokoxd detled, swpehrst Hplni hesde 5¢weandamn@qaﬂwd<idﬁex
Spacer-|iner oxide 55 Salicide-block oxide is typically deposited on top on
spacer - | i (rerg .0xd idiei & adeli gat el ox6 gdethdnover enghre gualer randetched away
together with spacer-liner oxide 55 and gate oxide 54 wherever salicide

bet ween tid ani wn of - &obal £ 0fe Ni §k§5 WHB shhkkeoen des desidabled or | ow
cont act reS|stance wher eas mhere hi gh resistance is desirable such as over

ponS|I|con %g S|stor |ff§skgn rPEP%t%r Hh?l%ﬁ!Qstt%fz remai ns

to preveﬁi con ese 5| i Cl h~si I'icon wel |
known in |imge sensor |ndustry t hat S|I|C|d|ng of pixel near ht sensing
el ement 'S RGeS rEbl S HueCt o %é%%@hé?'oF 8alPErdé oC6 éﬁﬁ@@Qﬂ | eakage

currents. Thus salicide-block oxide remains over the |ight sensing portion
of silicdnraid lalong wwideitlé hendphber fhiraér iogiudetss drdmadtld oxi de 54
beneath it.. The total oxide stack beneath nitride film57 can be from 400
Angst r omeert oy Angsimiossna Fl £ f beshowa . t Beghirangmissiaon cgoefifdweci ent  of
the anti-reflection stack of FIG 2 optim zed by playing with thickness of

nitride @Hdmfg@ ﬁgﬁ@ﬁb£gég§ §@@cgftg|§gggisagg 0 Angstrom beneath. The
optimal nitride filmthickness is found to be 1520 Angstrons. The

transm s | n S ) ahaut green Ilght)
by rapldl%3 |ps‘{ﬁﬂ% %@5 ﬁﬁég (§$§ﬁ ﬁ?)gggd%%% §%4q'g%8hn (red

light). This antl-reflectlon stack fhus fa|I reduce ction for blue
and red I99YteS DEYAI 1 DESCRI Y| oRiSt e EK/B@DP%EN%GV\VSFWO gﬁegﬁtte to the

Fi gures, exenpl ary enbodi ments of the invention will now be described. The
exenpl ar WiEmsodi rent st Ba @e des@r hedaprpntr FEPIRiSER treftércerdea ol ock

di agranms. Herein, the apparatus elenent may be referred to as a neans for,
an elenemmd%ﬁiraﬂ a gint tgd 0de peof oom agrtheenet Hbd strep. PAsnitroit he bl ock
di agranms, it should be appreciated that not all conponents necessary for a

conpl et ed Haplermes atd Pnodf tide paashi 68l taxstemsar e iid lgust riated or descri bed
in detail. Rather, only those conponents necessary for a thorough

understaagqﬂ%éﬁ]égf%fny ntion are illustrated and described. Furthernore,
conmponent's are elt er conventional or may be readily designed and
fabricated in accordance with the teachings provided herein are not
described in detail. FIG 3 shows an enbodi nent of this invention. The
essential difference fromprior art shown in FIG 2 is that salicide-bl ock
oxide is renoved, and further a certain thickness of top side of
spacer-liner oxide 55 beneath etch-stop nitride 57 is al so renoved,
resulting in a thinned oxide stack beneath nitride film57. The essenti al
difference fromprior art shown in FIG | is that the total oxide stack
beneath nitride film57 is greater than gate oxide 54, thus allow ng oxide
stack thickness to be a free paraneter to play to optim ze transm ssion
coefficient.



FIG 4 shows a graph of transm ssion coefficient versus |ight wavel ength
for three different thickness of etch-stop nitride film57: 450, 500, and
550 Angstwormoes/deossst hi s set of nitride -49 - thicknessesy/ush@sopdormal

t hi ckness of oxide stack beneath it is found to be 100 Angstrons, which is

| arger than the gate oxide thickness;3%eing ei ther about 70 Angstrons or 45
Angstrons as af orenentioned. From|light wavel ength of 450nm (blue) to 650nm
(red), and for all 3 different nitride thicknesses, transm ssion

coefficient remains abave.d 95, s shove thatsfbis AnLizigfleation stack

has | ess than 5% reflection even if nitride t ness varies by 10% FIG
6a through 6f show the processing steps starting from.imedi ately after
S5 § 01 ARG byt Lo Wt & R LCE BT P& CBr Bt b Ug 8 di it ri ¢ and
nitride and the oxide stack below to reach silicon. In FIG 6a, a

sal i ci de- AT Ko def 62 i Sh¢ eP¥PRAL Bt EREB 6VEr 16hé gkt SerSiktyfel enent 65
and over MOS transistor adjacent thereto after the salicide-bl ock oxide

et ch stefidncecafvierh tiiqnt ugni cobahttarckel isuicckedetiegr.m ig stemssThe oxi de
stack consisting of gate oxide 54, spacer-liner oxide 55, and

sal i ci de-froclaioxi ger Hdy typi €ablyeksaf £0BMAO0 1 ARGSE HENMS Hon/ GG Angst rons
thick. In FIG 6b, oxide etch step is perforned using either wet etch or

dry et chsouer, dhey diight - sienshngoelement ;631289 ks adj acente 4o ansi st or

region until the desired oxide stack thickness is reac For exanple, if
nitride thi ckness is 500 strons, . ap, oxide stack thickness qf 100
Angstrom%ggﬁﬂn%gﬂﬁigs1n4$%$s %%ﬁ%?FUEPFoﬁpﬁﬁépg' ﬁﬁbéﬁeiﬁiﬁs 5 sits above
gate oxide 54, oxide etch renmpves salicide-block oxide entirely and further

et ches avay?id tBp-Ports orCoFedpatefr| FR8r o8RRI Thér & SSRHEL possi bl e
construction where spacer-liner oxide is not used, in which case a thin
bott om | dyerhtofasadlicidei bl Dck. oxF dewherai ne evler tgate loxiadek tics attai n t he
desired optinmal oxide stack thickness. In FIG 6c, etch-stop nitride is
deposi t echeaviyd the-aaferthd phoc&0esse0f 1500 4A0gshomhies stypicead |y
sui tabl e.

film 134 above act as hard masks to block etchants. Both

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

Figures 10A-H show a process to expose bond pads 214
of the image sensor. An opening 216 is 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 is removed, leaving a thinner
layer to seal the first insulator material 110 below.

The support film material 134 is applied and a
corresponding opening 218 is formed therein as shown in
Figs. 10E-F. The second light guide material 130 is

applied as shown in Fig. 10G. As shown in Fig. 10H a



In FIG 6d, dielectric 63 (typical a stack of bottom |l ayer silicon oxide
doped with boron and/or phosphorus and a top |ayer of plasma deposited
undoped owode)o/dosssdeposi ted over the wafer and contact Ipolraiséivsiossoet ched
through dielectric but stops on etch-stop nitride 57 since the etchant used
to etch oxide does not etch nitride fa5t. -50 - In FIG Ge, contact hole
67 is further etched down passed etch-stop nitride 57 by changing to a
different etchant that etches faster in nitride than in oxide. The contact

hol e et cmasg}apesssogaﬁ? Oxi eiétgggdbsee@ga%gﬁ tgggnairge z%foeaé fe@dy

et ched- down space I ner oxide I n FI ntact” h s further
et ched down passed spacer-1line xi de. 55 an te oxide.64 to reach silicon
o e R S S PO et L8 FnRy o Pl B S e Bt
construction steps is applied to fill contact hole with Ti/Ti N sidewal |l and

bot t om sicde Gtk Fukrihet With tuhgskenliphscPodes aBéwe larle lSévernyd

i nventions although used in conbination to illustrate the benefici al

ef fects B0 nenet hed esscomynber used €acheirnthts owe ringhtl aterpr oduce

beneficial effects. Anobng the inventions are: "thinned oxi de beneath

ni tride- matddyidted oxiged bepeatd. €1 chist epnnivkiidde” andoxderst ack etch

after etching etch-stop nitride during contact etch", and conbinations of

them S%gﬂﬁﬂﬁﬁ fﬂ@tlﬁﬁbtoresist). Dry etch in CH3;F/0, has 5x~10x
greater etch rate on silicon nitride than on color filter

or silicon oxide.

Figure 11 shows an embodiment wherein 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
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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
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 is 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.
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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 (Si:Ny), 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 (Si0OxNy, where 0<x<2
and 0O<y<4/3), having refractive index about 1.46, with a
thickness between 25 Angstrom and 170 Angstrom,
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.
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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 is then formed on the second AR film 234.
Silicon nitride film is 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 film
134 is 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 is chosen to have high selectivity towards
the protection film material. For example, if the
support film 134 comprises HDP silicon oxide and the
protection film 410 comprises silicon nitride, the first
etchant may be CHF;, 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 CH:F/O0,.
The first etchant is then applied again to etch the first

insulator 110 and to stop on the contact etch-stop film
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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
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
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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-
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 to 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
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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
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 1is 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%.
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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
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 is
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.
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Figure 15A is a graph of transmission coefficient
versus light wavelength for the anti-reflection stack of
Fig. 14G for a nominal 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 top AR film 236a

can be used at red pixels as well as green pixels.

Figure 15B 1is a graph of transmission coefficient
versus light wavelength for the anti-reflection stack of
Fig. 14G for a 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.

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

array may use the thinner top AR film 236a for both green
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and red pixels while the thicker top AR film 236b for

blue pixels only.

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. 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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The subject technology is further described in Annex

1, which is incorporated herein.
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ANNEX 1

Annex 1 consists of U.S. Application 61/009,454 filed

on December 28, 2007.
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TITLE: Anti-Reflection in Pixel
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BRIEF DESCRIPTIONS OF THE DRAWINGS

FIG. 1ais a prior-art MOS pixel using silicon nitride in anti-reflection stack.

FIG. 1b is a prior-art MOS transistor construction utilizing silicon nitride as contact etch-
stop.

FIG. 2 is a prior-art MOS image sensor pixel utilizing silicon nitride as contact etch-stop
and in anti-reflection stack.

FIG. 3 shows silicon nitride over oxide and silicon forming an anti-reflection stack
according to one embodiment of this invention.

FIG. 4 is a light transmission graph plotting transmission coefficient versus light
wavelength for three different thicknesses of oxide under nitride in the anti-reflection stack.

FIG. 5 is a light transmission graph plotting transmission coefficient versus light
wavelength for one oxide thickness for prior-art anti-reflection stack according to FIG.2.

FIG. 6a~f show the fabrication steps to build anti-reflection stack in a MOS image sensor
pixel according to one embodiment of this invention as shown in FIG.3.
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BACKGROUND
In a silicon image sensor, such as MOS image sensor, where light sensing element
(photodiode typically) is beneath silicon surface and where incident light needs to pass
through silicon dioxide before reaching light sensing element, the reflection at the oxide-

silicon interface can reach as much as 40%, causing reduced sensitivity.

Using plural layers of thin films over silicon to reduce reflection has been practiced in the
industry. One example is US6,166,405 FIG.7 shown here as FIG.1a. The optical stack
consists of gate oxide 41 (thermally grown) plus silicon nitride film 45 (deposited) plus oxide
film 46 (deposited). Silicon nitride film 45 is directly on top of gate oxide 41. The thickness
of gate oxide 41 is fixed according to the process. Typically, if 3.3v transistor is included in
the chip, thickness of gate oxide 41 is about 70 Angstroms. Whereas if 2.5v transistor is
used, thickness of gate oxide 41 is about 45 Angstroms. Thus the oxide thickness above
silicon below silicon nitride is a fixed parameter, which leaves the silicon nitride thickness as
the only parameter to play with to get optimal transmission coefficient, which is often

suboptimal.

FIG. 1b shows a prior art of a typical digital CMOS process where a layer of silicon nitride
57 covers silicon surface. Silicon nitride film 57, typically called etch-stop nitride, serves
two purposes: (a) insulating silicon from dielectric 63 above to prevent moisture and positive
ions in the dielectric 63 from migrating into transistor gate oxide 54, and (b) stop dielectric
etching during contact etch process step so that regardless of dielectric thickness the
dielectric etching stops on the nitride film, from which a nitride etch carries on further to
complete contact hole etch in the nitride film which has uniform thickness regardless of
underlying topography. Nitride film 57 has thickness typically between 500 Angstroms to
900 Angstrom, optimized for both purposes (a) and (b).

FIG. 2 shows a prior art MOS image sensor pixel that makes use of etch-stop nitride 57 as
part of its anti-reflection stack. This stack consists of gate oxide 54, spacer-liner oxide 585,
salicide-block oxide 64, etch-stop nitride 57, and dielectric 63. Spacer-liner oxide 55
Salicide-block oxide is typically deposited on top on spacer-liner oxide 55 and gate oxide 54
over entire wafer and etched away together with spacer-liner oxide 55 and gate oxide 54
wherever salicide between titanium or cobalt or nickel with silicon is desirable for low

contact resistance, whereas where high resistance is desirable such as over polysilicon



CLAI M5 What is claimed is: 11. An i mage sensor pixel, conprising: 2a
substrate; 3a photoelectric conversion unit supported by the 4 substrate;
5an pr ot ew0i20/didsm ext endi ng over and across the 6 subgrratsejosasghy7 7a
cascaded |ight guide wherein a first Bgrtion of

resistor or diffusion resistor this oxide stack remains to prevent contact of these siliciding
metals with silicon. It is well known in image sensor industry that siliciding of pixel near
light sensing element is undesirable due to tendency of salicide to cause higher leakage
currents. Thus salicide-block oxide remains over the light sensing portion of silicon and
along with it the spacer liner oxide 55 and gate oxide 54 beneath it. The total oxide stack

beneath nitride film 57 can be from 400 Angstroms to 700 Angstroms.

FIG. 5 shows the transmission coefficient of the anti-reflection stack of FIG. 2 optimized by
playing with thickness of nitride film 57, given oxide stack thickness of 580 Angstrom
beneath. The optimal nitride film thickness is found to be 1520 Angstroms. The
transmission coefficient narrowly peaks at 0.88 about 540nm (green light) by rapidly dips to
0.67 at 450nm (blue light) and 0.78 at 650nm (red light). This anti-reflection stack thus fails

to reduce reflection for blue and red light.

DETAIL DESCRIPTIONS OF EMBODIMENT
With reference to the Figures, exemplary embodiments of the invention will now be
described. The exemplary embodiments are described primarily with reference to block
diagrams. Herein, the apparatus element may be referred to as a means for, an element for, or
a unit for performing the method step. As to the block diagrams, it should be appreciated that
not all components necessary for a completed implementation of a practical system are
illustrated or described in detail. Rather, only those components necessary for a thorough
understanding of the invention are illustrated and described. Furthermore, components which
are either conventional or may be readily designed and fabricated in accordance with the

teachings provided herein are not described in detail.

FIG. 3 shows an embodiment of this invention. The essential difference from prior art shown
in FIG. 2 is that salicide-block oxide is removed, and further a certain thickness of top side of
spacer-liner oxide 55 beneath etch-stop nitride 57 is also removed, resulting in a thinned
oxide stack beneath nitride film 57. The essential difference from prior art shown in FIG. 1 is
that the total oxide stack beneath nitride film 57 is greater than gate oxide 54, thus allowing

oxide stack thickness to be a free parameter to play to optimize transmission coefficient.

FIG. 4 shows a graph of transmission coefficient versus light wavelength for three different

thickness of etch-stop nitride film 57: 450, 500, and 550 Angstroms. For this set of nitride



8 said cascaded light guide is between the protection film9 and the
substrate and a second portion extends above the 10 protection film 12.The
pi xel of wbabewvobisswherei n each cascaded 2 |ight guide i rcirndemsasso77
transparent portion and a color 3 filter that is contiguous with said
transparent portion 4 and extends abo¥® said insulator. 13.The pi xel of
claim1, wherein the second portion 2 includes a color filter.

thicknesses, the optimal thickness of oxide stack beneath it is found to be 100 Angstroms,
which is larger than the gate oxide thickness, being either about 70 Angstroms or 45
Angstroms as aforementioned. From light wavelength of 450nm (blue) to 650nm (red), and
for all 3 different nitride thicknesses, transmission coefficient remains above 0.95. This
shows that this anti-reflection stack has less than 5% reflection even if nitride thickness varies

by 10%.

FIG. 6a through 6f show the processing steps starting from immediately after salicide-
forming step to where contact hole is etch through dielectric and nitride and the oxide stack

below to reach silicon.

In FIG. 6a, a salicide-block oxide 64 is left un-etched over the light sensing element 65 and
over MOS transistor adjacent thereto after the salicide-block oxide etch step and after
titanium/cobalt/nickel silicide forming step. The oxide stack consisting of gate oxide 54,
spacer-liner oxide 55, and salicide-block oxide 64 typically is from 400 Angstroms to 700

Angstroms thick.

In FIG. 6b, oxide etch step is performed using either wet etch or dry etch over the light-
sensing element 65 and its adjacent transistor region until the desired oxide stack thickness is
reached. For example, if nitride thickness is 500 Angstroms, an oxide stack thickness of 100
Angstrom is suitable. In this construction where spacer liner 55 sits above gate oxide 54,
oxide etch removes salicide-block oxide entirely and further etches away a top portion of
spacer-liner oxide. There are other possible construction where spacer-liner oxide is not
used, in which case a thin bottom layer of salicide-block oxide remains over gate oxide to

attain the desired optimal oxide stack thickness.

In FIG. 6c¢, etch-stop nitride is deposited over the wafer. A thickness of 500 Angstrom is
typically suitable.

In FIG. 6d, dielectric 63 (typical a stack of bottom layer silicon oxide doped with boron
and/or phosphorus and a top layer of plasma deposited undoped oxide) is deposited over the
wafer and contact hole 67 is etched through dielectric but stops on etch-stop nitride 57 since

the etchant used to etch oxide does not etch nitride fast.



14. The pixel of claim3, wherein the color filters 2 from cascaded |ight
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In FIG. 6e, contact hole 67 is further etched down passed etch-stop nitride 57 by changing to
a different etchant that etches faster in nitride than in oxide. The contact hole etch stops on

the oxide stack beneath, on top side of already etched-down spacer-liner oxide 55.

In FIG. 6f, contact hole 67 is further etched down passed spacer-liner oxide 55 and gate oxide

64 to reach silicon at drain 59.

After this last step, the typical backend interconnect construction steps is applied to fill

contact hole with Ti/TiN sidewall and bottom side and further with tungsten.

Disclosed above are several inventions although used in combination to illustrate the

beneficial effects but nonetheless may be used each in its own right to produce beneficial

AN 19

effects. Among the inventions are: “thinned oxide beneath nitride”, “thinned oxide beneath

etch-stop nitride”, “oxide stack etch after etching etch-stop nitride during contact etch™, and

combinations of them.



2 light is 450nm 17.The pixel of claim3, wherein the color filter 2
self-aligns within the cascaded |ight guide. 18.The pixel of claim3,
wher ei n twe 20@mos4saf ace of 2 the color filter is an air pcmusRIBO88077

19. (Intentionally left blank). 110. The pixel of claim1, wherein all
optical 2 interfaces along the verti cal - axis of the cascaded i ght 3 guide
and above the protection filmare flat and parallel.

Sequence Listing

Non applicable



111. (Intentionally left blank).

-61- 112. The pixel of claiml1, wherein

at least two 2 cascaded light guides fromtwo different pixels have 3
113. The pixel of clpairrosioosioksrei n t he
vertical 2 centerlines of the first and second portions are nutually

di f f er entwono®9ssat i onal

3of fset.

profiles.

32 -

46 = silicon oxide film

45 = reflection reducing film (SizNy)
41 = gate insulating film

43 = photo-receiving section

Stack = Si + 41 + 45 + 46

46-
45

43

51 = substrate
52 = trench liner oxide

54 = gate oxide

56 = nitride spacer
57 = nitride liner

39 = source/drain

61 = tungsten
62 = Ti/TiN

66 = gate

53 = trench fill HDP oxide

55 = gate liner TEOS oxide

58 = lightly-doped drain (LDD)

60 = nickel/cobalt/titanium salicide

63 = boron/phosphorus doped oxide

| select FET

power-source voltage
©

amphfication |
FET

44b

FIG. 1a
Prior Art
(US6,166,405 Fig 7)



114. The pixel of claim 13, wherein the cascaded 2 light guide is

configured so that light exits and re-
115. A newbadodiooussfiabri cati ng an i mage sensor pi xel

3 enters said cascaded |ight guide.
2 eOomUSkaisngso73f or m ng

a support filmw th an opening and over a 4 substrate that supports a
phot oel ectric conversion unit; 5 and, 6Bernming a color filter in the

openi ng of the support

51 = substrate

52 = trench liner oxide

53 = trench fill HDP oxide

54 = gate oxide

55 = gate liner TEOS oxide

56 = nitride spacer

57 = nitride liner

58 = lightly-doped drain (LDD)

59 = source/drain

60 = nickel/cobalt/titanium salicide
61 = tungsten

62 = Ti/TiN

63 = boron/phosphorus doped oxide
64 = salicide-block oxide

65 = n- photodiode region

66 = gate
55
63 02 61
57
64
l . % it
54 sg
59
5
51 53
FIG. 2

Prior Art



7film 116. The nethod of claim 15, further conprising 2 formng a
protection filmbetween the color filter and 3 the substrate. -67 - 117.
The net hostoabosaloaism 15, further conprising 2 renoving atrcramsdosassorti on of

the support filmbetween 3 two adjacent color filters.
54 -

51 = substrate

52 = trench liner oxide

53 = trench fill HDP oxide

54 = gate oxide

55 = gate liner TEOS oxide

56 = nitride spacer

57 = nitride liner

58 = lightly-doped drain (LDD)

59 = source/drain

60 = nickel/cobalt/titanium salicide
61 = tungsten

62 = Ti/TiN

63 = boron/phosphorus doped oxide
64 = salicide-block oxide

65 = n- photodiode region

66 = gate

57,

oo

2

oo
/ oo
ILLLIRELRE LR R TR R A [pirensasars

AL LSS

FIG. 3 53



118. The nethod of claim 15, further conprising 2 formng a transparent

| ight guide in the opening of the 3 support film 119. The nethod of claim
18, furt hwo 20@npPI1483i Ng 2 renoving a portion of the suppect/ustéosiossbyacent
the 3 transparent |ight guide. 120. The nmethod of claim 18, further
conprising 2 forming a |l ower transparefb-light guide between the 3
transparent |ight guide and the substrate.

transmission vs wavelength, oxide_under_nitride 0.0112 um
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421. The nethod of claim 20, where the vertical 5 centerline of the |ower
transparent light guide is offset 6 fromthe vertical centerline of the
openi ng olotb@/d1mupport film 122. The net hod of cl ai mpe®usedvsmeson7 t he
formng of 2 the color filter creates a flat air interface on a top 3
surface of the color filter. -63 - -56-

51 = substrate

52 = trench liner oxide

53 = trench fill HDP oxide

54 = gate oxide

55 = gate liner TEOS oxide

56 = nitride spacer

57 = nitride liner

58 = lightly-doped drain (LDD)

59 = source/drain

60 = nickel/cobalt/titanium salicide
61 = tungsten 53
62 = Ti/TiN
63 = boron/phosphorus doped oxide 56
64 = salicide-block oxide
65 = n- photodiode region \

66 = gate S
SIS IS,
SIS IS,
S /

//’//////////

EETTTT T
LSS
LSS
/ LSS
LA boprriisssis

FIG. 5b 53
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57,
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FIG. 5¢ 53



123. A nethod for fabricating an inmage sensor pixel 2 array, conprising:
3formi ng an insulator over a substrate that supports a 4 photoelectric
conver si onounidgo1dsfiorm ng a plurality of walls adjacent pcwusbes®ssonsul at or ;
7formng a plurality of light guides between the 8 walls; 9formng a
plurality of color filters adjacent o’ t he

51 =substrate 59 = source/drain

52 = trench liner oxide 60 = nickel/cobalt/titanium salicide
53 = trench fill HDP oxide 61 = tungsten

54 = gate oxide 62 = Ti/TiN

55 = gate liner TEOS oxide 63 = boron/phosphorus doped oxide
56 = nitride spacer 64 = salicide-block oxide

57 = nitride liner 65 = n- photodiode region

58 =lightly-doped drain (LDD) 66 = gate 67 = contact hole

55

57

57 \ 67
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A sprs0s0000r AN TR EERY

55

56
57,
57 67

AL ESE S, /

EEE e
EEE e

A LR

Lo

55
63
57 56
57 pu
IS /
IS
IS
;Zﬁﬁﬁﬁﬁﬁﬁﬁﬁ [T .
66
54 59
51 59
FIG. 5f 52
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10 I'ight guides; and, 1llrenoving at |least a portion of the walls so that 12
there is an air gap between adjacent color filters. 124. The nethod of

cl ai m 23,wohesmiomsthe wal ls are 2 forned by form ng a seppastomioksirand
creating openings 3 within the support film 125. The nethod of claim 23,
further conprising 2 formng a protec?%‘on filmover the insulator. 126. The
nmet hod of claim 23, wherein a portion of the

END OF ANNEX-1




2 support filmis renoved so that a portion of each light 3 guide has an
air interface. -64 - 127. An inmage sensor pixel, conprising: 2a substrate;
3a phot oaelvecvewmiganver sion unit supported by said 4 sulpstrrsbes/oss7? i ght
gui de coupl ed to said photoelectric

CLAIMS

What is claimed is:
1 1. An image sensor pixel, comprising:
2 a substrate;
3 a photoelectric conversion unit supported by the
4 substrate;
5 an protection film extending over and across the
S substrate; and,
7 a cascaded light guide wherein a first portion of

8 said cascaded light guide is between the protection film
9 and the substrate and a second portion extends above the

10 protection film.

1 2. The pixel of claim 1, wherein each cascaded
2 light guide includes a transparent portion and a color
3 filter that is contiguous with said transparent portion

4 and extends above said insulator.

1 3. The pixel of claim 1, wherein the second portion

2 includes a color filter.

1 4, The pixel of claim 3, wherein the color filters

2 from cascaded light guides of adjacent pixels are



6 conversion unit; 7anti-reflection nmeans for reducing reflection between 8
said |light guide and said photoelectric conversion unit. 128. The pi xel of
cl ai m 27, wohessioussai d anti- 2 reflection neans i ncl udepca/yseeosisso77
anti-reflection film3 and a second anti-reflection film said first anti-
4 reflection film having an index of $&fraction |ower than 5 an index of
refraction of said second anti-reflection 6 filmand an index of refraction
of said |light guide, and

3 separated by a first air gap that has a width no more

4 than 0.45um.

1 5. The pixel of claim 4, wherein said first air gap

2 has a depth at least 1.0 times a wavelength of light.

1 6. The pixel of claim 5, where said wavelength of

2 light is 450nm.

1 7. The pixel of claim 3, wherein the color filter

2 self-aligns within the cascaded light guide.

1 8. The pixel of claim 3, wherein the top surface of

2 the color filter 1s an alr interface.

1 9. (Intentionally left blank).

1 10. The pixel of claim 1, wherein all optical
2 interfaces along the vertical axis of the cascaded light

3 guide and above the protection film are flat and parallel.

1 11. (Intentionally left blank).



7 said first anti-reflection film/|ocated between the 8 second
anti-reflection filmand the |ight guide. 129. The pixel of claim 28,

wher ei n swDdo@ntin4s42 refl ecti on nmeans i ncludes a third aotrivse@logsozi on film
3 which has an index of refraction |lower than an i ndex of 4 refracti on of
said second anti-reflection film and 8l wherein said second anti-reflection
filmis between said -65 -

1 12. The pixel of claim 1, wherein at least two
2 cascaded light guides from two different pixels have

3 different cross—-sectional profiles.

1 13. The pixel of claim 1, wherein the vertical
2 centerlines of the first and second portions are mutually

3 offset.

1 14. The pixel of claim 13, wherein the cascaded
2 light guide is configured so that light exits and re-

3 enters said cascaded light guide.

1 15. A method for fabricating an image sensor pixel,
2 comprising:
3 forming a support film with an opening and over a

4 substrate that supports a photoelectric conversion unit;

5 and,

6 forming a color filter in the opening of the support
7 film.

1 16. The method of claim 15, further comprising

2 forming a protection film between the color filter and

3 the substrate.



6 first anti-reflection filmand said third anti-reflection 7film 130. The
pi xel of claim28, wherein a first pixel has 2 a thinner anti-reflection
fil mtharnwe 2eewmespondi ng anti- 3 reflection filmof a serasdoogiossl7 havi ng
a color filter 4 of a different color, 131. (Intentionally left blank).
132. (Intentionally left blank). 133.%%he pi xel of claim28, wherein said
second anti -

1 17. The method of claim 15, further comprising
2 removing at least a portion of the support film between

3 two adjacent color filters.

1 18. The method of claim 15, further comprising
2 forming a transparent light guide in the opening of the

3 support film.

1 19. The method of claim 18, further comprising
2 removing a portion of the support film adjacent the

3 transparent light guide.

1 20. The method of claim 18, further comprising
2 forming a lower transparent light guide between the

3 transparent light guide and the substrate.

4 21. The method of claim 20, where the vertical
5 centerline of the lower transparent light guide is offset
6 from the vertical centerline of the opening of the

7  support film.

1 22. The method of claim 18, wherein the forming of
2 the color filter creates a flat air interface on a top

3 surface of the color filter.



2 reflection filmis a contact etch stop. 134. The pixel of claim 28,
wherein said second anti- 2 reflection filmincludes silicon nitride. 135.
The pi xelwofo@@i4u27, further conprising a 2 |ight-gui geTaisedossssap7 | ayer
between said Iight guide and 3 said anti-reflection neans. 136. A net hod
for fabricating an i mage sensor pi xel 03 2 conpri si ng:

10

11

12

23. A method for fabricating an image sensor pixel
array, comprising:

forming an insulator over a substrate that supports a
photoelectric conversion unit;

forming a plurality of walls adjacent to the
insulator;

forming a plurality of light guides between the
walls;

forming a plurality of color filters adjacent to the
light guides; and,

removing at least a portion of the walls so that

there is an air gap between adjacent color filters.

24. The method of claim 23, wherein the walls are
formed by forming a support film and creating openings

within the support film.

25. The method of claim 23, further comprising

forming a protection film over the insulator.

26. The method of claim 23, wherein a portion of the
support film is removed so that a portion of each light

guide has an air interface.



-66 - 3formng an anti-reflection stack on a photoel ectric 4 conversion
unit supported by a substrate; and, 5formng a |light guide adjacent to the
phot oel ecwoiz2eodocmaver sion unit. 137. (Intentionally | eftThisamniglpssoiBd8.
(Intentionally left blank). 139. A nethod for formng a portion of an inage
2 sensor pixel, conprising: -64 -

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

4 substrate;

5 a light guide coupled to said photoelectric

6 conversion unit;

7 anti-reflection means for reducing reflection between

8 said light guide and said photoelectric conversion unit.

1 28. The pixel of claim 27, wherein said anti-

2 reflection means includes a first anti-reflection film

3 and a second anti-reflection film, said first anti-

4 reflection film having an index of refraction lower than
5 an index of refraction of said second anti-reflection

6 film and an index of refraction of said light guide, and
7 said first anti-reflection film located between the

8 second anti-reflection film and the light guide.

1 29. The pixel of claim 28, wherein said anti-

2 reflection means includes a third anti-reflection film
3 which has an index of refraction lower than an index of
4 refraction of said second anti-reflection film and

5 wherein sald second anti-reflection film is between said



3forming a first anti-reflection filmover a substrate 4 that supports a
phot oel ectric conversion unit; 5formng an insulator over said first

anti - r ef lwot2o@mmedfsis]l m 7et chi ng an opening in the insul aterusesdsiossns et chant
8 that etches the insulator faster than the first anti- 9 reflection film
10form ng a second anti-reflection fifhmwthin the 11 openi ng; and

6 first anti-reflection film and said third anti-reflection

7 film.

1 30. The pixel of claim 28, wherein a first pixel has
2 a thinner anti-reflection film than a corresponding anti-
3 reflection film of a second pixel having a color filter

4 of a different color.

1 31. (Intentionally left blank).
1 32. (Intentionally left blank).
1 33. The pixel of claim 28, wherein said second anti-

2 reflection film is a contact etch stop.

1 34. The pixel of claim 28, wherein said second anti-

2 reflection film includes silicon nitride.

1 35. The pixel of claim 27, further comprising a
2 light—-guide etch-stop layer between said light guide and

3 sald anti-reflection means.

1 36. A method for fabricating an image sensor pixel,

2 comprising:



12form ng light guide material within the opening. -67 - 140. The net hod
of claim39, further conprising 2 etching a vertical sidewall portion of
t he secoroanddoordd4refl ection film 141. (Intentionallypcefus2imsasdoyr 142. A
met hod for fabricating a color filter for an 2 inmage sensor pixel,
conpri si ng: -66 -

3 forming an anti-reflection stack on a photoelectric

4 conversion unit supported by a substrate; and,

5 forming a light guide adjacent to the photoelectric

6 conversion unit.

1 37. (Intentionally left blank).
1 38. (Intentionally left blank).
1 39. A method for forming a portion of an image

2 sensor pixel, comprising:
3 forming a first anti-reflection film over a substrate

4 that supports a photoelectric conversion unit;

5 forming an insulator over said first anti-reflection
S film;
7 etching an opening in the insulator with an etchant

8 that etches the insulator faster than the first anti-
9 reflection film;

10 forming a second anti-reflection film within the
11 opening; and

12 forming light guide material within the opening.



3forming at |east one wall; 4forming a color filter wthin the wall;
5renoving at |east a portion of the wall.
WO 2009/091484 PCT/US2008/088077

67 -

1 40. The method of claim 39, further comprising
2 etching a vertical sidewall portion of the second anti-

3 reflection film.

1 41. (Intentionally left blank).

1 42. A method for fabricating a color filter for an
2 image sensor pixel, comprising:

3 forming at least one wall;

4 forming a color filter within the wall;

5 removing at least a portion of the wall.



