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BACKGROUND OF THE INVENTION

10 1. Field of the Invention

The subject matter disclosed generally relates to

structures and methods for fabricating solid state image

Sensors.
2. Background Information
15 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.

20 Solid state image sensors can be either of the charge
coupled device (CCD) type or the complimentary metal
oxide semiconductor (CMOS) type. In either type of image
sensor, photo sensors are formed in a substrate and
arranged in a two-dimensional array. Image sSensors

25 typically contain millions of pixels to provide a high-
resolution image.

Figure 1 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.

30 Each pixel has a photoelectric conversion unit 2. Each



state image sensor 1 show ng adjacent pixels in a CMOS type sensor,
reproduced fromU. S. Pat. No. 7,119,319. 30 Each pi xel has a photoel ectric
conver si onounito48s71Each WD 2011/ 048571PCT/ | B2010/ 05477 ®C2/1BBNnwes43ioon uni t
2 is located adjacent to a transfer ekectrode 3 that transfers charges to a
floating diffusion unit (not shown). The structure includes wres 4
enbedded in an insulating |layer 5. The sensor 5 typically includes a
flattenimgveaygeors wel ow’t he dolwort€dll adragant conpensateerfioert op surface
irregularities du t{hthe wires 4, since a flat surEace,is essential for

P

convent% %%Freéﬁp ter CF6MTHL oh B aFﬁfﬁbd%éﬁﬁyf ﬂagéﬁﬁﬁd flattening
| ayer J@jfffugﬁ.%‘h' qngiﬁibg%tt @%o%ﬂllfl’_r 10,1 Igte%?éiﬁgep&g%/d%qf%%f%%e%urface

for the formtion rol'ens 9. The ftotal t ness eni ng | ayers

6 and 10 physdthel ciol osnf i hien & i15gapprex mat el yha. emsor Li ght gui des
7 are integrated into the sensor to guide |ight onto the conversion units
2. The tyghtal8yguidesudear e fidraedening fateri ab sadhvag It | ¢eonrnitride

[ aht gt B6S7  Rad b GPEFARCE HE™ | EOR QG M L hECHHOR S LEBnE U 1
ght gt “ha i : n o0 the
SAEELAS SRR L T e I R
| NVENTI&dhventional color filter formation by lithography. A
second flattening layer 10 is provided above the color
10 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
15 guides 7 are formed of a material such as silicon nitride
that has a higher index of refraction than the insulating
layer 5. Each light guide 7 has an entrance that is
wider than the area adjacent to the conversion units 2.
The sensor 1 may also have a color filter 8 and a

20 microlens O.



According to a first aspect, the present invention relates to an inmage
sensor supported by a substrate of a first conductivity type, conprising a
first pixeb2biioasdiigured to detect a blue |light and a seconsmpimsh7o wher e

t he second pixel conprises (a) a phot#&detector that conprises a second
region of a second conductivity type in the substrate, (b) a first region
of the first conductivity type being vertically above the second 10 region
and under a top interfRideEof SIMBI/SRHsPratlélE (IQYWVEBNTILPEt drain of a first
transistor, the first drain abutting the first region, (d) a first gate of
the first transbshonhg tihe difrstcgatesheing veet iigaldynabovedfie dihrst and
second regions, (e) a first color filter, the 15 first color filter being a
red colomrlétksertcorara gnege calrovof i btppoarteal yiey | awscbldrrdidt ef, aand (f)
a first |light guide, the first light guide being configured to transmt a
light froRPEheCidEiteol by fivRer oM Phe SSeortl fegeénBiithe first gate
and:the_ fj regi e ticularly, t i i . gui de uses

t ot gl i%&éﬁ%épr%gif %%t%%%g/ggt |afgtgls¢%e\i\gf3:hxst tao%rgévé%%:otnhog%]ikg% "from

exi tingyhater ahly.sAtsoamheparddgptasky, (the 4ipabrpixaleconprises (a) a
second color filter, the second color filter being a blue color filter or a
magent accopoli s25 fd [decondndedi)ora sécendddaghl gandecdanfigur egpto
transmt light fromthe second color filter to the substrate nostly w thout
passi ng-t hF BEglR Y& Yatetef d2r ansisfdr. re9100 OfntPge Fit%t aspect, the

first t j - - i r S swi t r an out put
transis %ﬁ&hgﬁgéPﬁ§¥é$§?gtﬁglﬁﬁigfé¥?£%éﬁg'ofﬂﬁﬂggbghg ?%%%g?ﬁr gate. WO
2018/ 04854 1BETEINBROLOAOBAZ79 o |imtberhiceSto AsPest sublstirs wesi abl g t hat
the first gate has a thickness between 200 Angstrons and 1, 000 Angstrons.
It is nbresdeslireabl eof hat ftiihetf irsingacéchas t@he hi tkeessitsetmeen 300
Angstrons and 700 Angstromns. . 1s 5 even nore desirabI%fthat the first

| t
gat e ha&PAtthigkness WERInT560- %1~ §8) ARgstirons. 9ate of the Iirst

transistor, the first gate being vertically above the

first and second regions, (e) a first color filter, the

15 first color filter being a red color filter or a green
color filter or a yellow color filter, and (f) a first
light guide, the first light guide being configured to
transmit a light from the first color filter to the
second region via the first gate and the first region.

20 More particularly, the first light guide uses total
internal reflection at its sidewalls to prevent the light
from exiting laterally. Also more particularly, the first
pixel comprises (a) a second color filter, the second
color filter being a blue color filter or a magenta color

25 filter, and (b) a second light guide configured to
transmit light from the second color filter to the
substrate mostly without passing through a gate of a
transistor.

In the first aspect, the first transistor may be a

30 select switch or a reset switch or an output transistor.

Alternately, the first transistor may be a transfer gate.



In the first aspect, it is desirable that the first gate is thinner than a
gate of a transistor in an ADC in the imge sensor. 10ln the first aspect,
it is deswoablie4sdrat the first region is not deeper thamCc@/aBrm/HFH7IhNe
substrate where the first color filte# is ared color filter, and is not
deeper than 0.5umin the substrate if the first color filter is a green
color filter or a yellow color filter. 15 It is nore desirable that the
first regionlisthet fdesperathanto. Sumin dheligabste atleawhene ther$ir st
col or f||ter |s a re%%color filter, ng i.s not deeper than O 5 umin the
subst r H2LFf Nefe F i rist CEBPSS 9 tErSTs Q%%&ﬁ%@ F % er Of0a yel | ow
color f I n le. fiest _|ight
Aﬁ%@&r 7Q. f%‘ & L8l e %féesc}[rab e %h%erf {3b %fr*%fc;] eéz{‘l‘t“ers%léé a'd

guide is e fir gate. e first aspect,

conductvi t¥ntype U@ww@@npsmpenaj@ttbﬁss@wm@@npiugtsit\ﬂdnystype ey be
n-type. According to a second aspect, the present invention 25 relates to a
met hod $oenf mpﬁrimgieespmbﬂeart&wt otth@nfilmge Fehsohasuppdriiedkbhgsa

substrate of a _first,6 co IVIt pe conprising (A formng a second
region o C318ecdid +c/ond§gt |gt5§F “in the substrate, (B) forrri ng a first
gl o o o M Lhst caonductLybly, '%hle sypshiate andh 3P yerl ically above
t he second region, form a’drain of a transistor e su strate,

the drajatabutt ivdg riher YWOa20H1l/Q48573 PCH It&%ﬁﬂ@i@’ééﬁa& afm rsbcregi on, (D)
formng a gate of the transistor above the substrate, the gate being
verticatlhy abeve tImn$P¥st region and adjacent to the drain; (E) forming a

co rfllter t cal.or filter bei ared color filter or._a
HB Qﬁe %1rst aspec?, T% 1S esgrable that the first

region 1s not deeper than 0.8um in the substrate where
the first color filter is a red color filter, and is not
deeper than 0.5um in the substrate if the first color
filter is a green color filter or a yellow color filter.

15 It is more desirable that the first region is not deeper
than 0.bum in the substrate where the first color filter
is a red color filter, and is not deeper than 0.35um in
the substrate 1f the first color filter is a green color
filter or a yellow color filter.

20 In the first aspect, 1t is desirable that the first
light guide i1s on the first gate.

In the first aspect, the first conductivity type may
be p-type and the second conductivity type may be n-type.
According to a second aspect, the present invention

25 relates to a method for forming a pixel array of an image
sensor supported by a substrate of a first conductivity
type, comprising (A) forming a second region of a second
conductivity type in the substrate, (B) forming a first
region of the first conductivity in the substrate and

30 wvertically above the second region, (C) forming a drain

of a transistor in the substrate, the drain abutting the



5 green color filter or a yellow color filter, and (F) formng a |ight

gui de, the |light guide being configured to transmt a light fromthe col or
filter towOhelizaesimd region via the gate and the first regiBriob37the
second aspect, it is desirable that the nethod 10 conprises thinning the
gate. It is further desirable that, after the thinning, the gate has a

t hi ckness between 200 Angstrons and 1,000 Angstrons. It is nore further
desi rabfershategdfarer {he thinming, at betgatee halse at rhinckrigdssr bebween 300

Angstronms and. 700 Aqgstrons. It i.s 15 even nore Lurt er de%%ra | e that,
after tHeSt APARITTG CEhet et &oHas e AP cKReds % thY n2560 S/ =S0- ARGSt r ons

af ter Hie° . ] S i AGSt
hi ch ar StGhart 1 <1 hEY oaicd { nretgh” an Gpening Th G Chraugh an

i nsul atfont &i-l, monvercd hergatie,t 20 wdhenbi ghtrgui del bei 1g 1subseguent |y fornmed
in the opening. It is even further desirable that the gate is thinned by an
et chi ngg¥eacnhicoR can %t thant oirs d nfe bdave cohrcoughl dheoperintg thHr ough an

insulation filmover the gate, the light guide bejing subsequently formed in
t he. opert B0t 25 1% ot PR CByert Hair ¢ REP HESi 14bl BECRM SRS HELREE fur t her
conpri 1 ant irref i S I ne¢ i f e
thrﬁniﬁ§§a%gég§?%fgq%op%?%5 Ek§ﬁ$ig ? 8§§§£'§%1$%98g§irae?g&?%gﬁathe

openi ngrégiopenad: witd @apkasmml etied fiirstt thheni dol | onwed by a wet etch.

30In the second aspect, it is desirable that the gate is thinned using a
wet etch. \iO!200¢/ G488 71PCTFPBR010/1054779d6s1rable nthpge $éconte@spect, it

| Syfestighle Lhat I LLght u dects on (e 03Le rer de e IR ECERd, o
second cppducting toh PrLYRE, 1 $HE IYPE= has a thickness between 200

Angstroms and 1,000 Angstroms. It is more further
desirable that, after the thinning, the gate has a
thickness between 300 Angstroms and 700 Angstroms. It is

15 even more further desirable that, after the thinning, the
gate has a thickness within 500 +/- 50 Angstroms. It is
also further desirable that the gate is thinned by an
etching in which an etchant is introduce through an
opening in and through an insulation film over the gate,

20 the light guide being subsequently formed in the opening.
It is even further desirable that the gate is thinned by
an etching in which an etchant is introduce through an
opening through an insulation film over the gate, the
light guide being subsequently formed in the opening. It

25 1s still even further desirable that the method further
comprises forming an anti-reflection stack in the opening
after the thinning and before forming the light guide. It
is desirable that the opening is opened with a plasma
etch first then followed by a wet etch.

30 In the second aspect, it i1s desirable that the gate

is thinned using a wet etch.



WO 2011/ 048571PCT/ 1 B2010/ 054779 7 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is an illustration show ng a cross-section of two i nage sensor

pi xel s ofwohelipussm art; Figure 2 is an illustracirap2atowrng a
cross-section 5 of two i mage sensor péoxels of an enbodi nent of the present
i nvention; Figure 3 is an illustration showing ray traces within the
pi xel s of Fig. 2; Figure 4Ais an illustration of a primry

col or Bayer W0 pheteewond aspficgur € 4B § sdan lirldist riabpon tofe al gyleen and
magenta color filter pattern; Figure 5 is a schematic of a pixel
havi ng & pAst odi @db d de{fansfer gate: 15Figure 6 is a schematic of an
al ternate enpodi A PALECRL Pixel 5o each having anokotadi ode;
transfer gate; gure IS a efmtic of an i mage sensor igure |s an
iIlustrash@ncshewitng @yceoss- gectyo8 20dofrHavsdédage sensdicplxeky of an
al ternate enbodi nent of the present invention; Figures 9A to 9E are
i |l Gstraypenief natprotess to thin a gate under a light guide according to
an aspect of the present invention.



25 LI ST OF REFERENCE SIGNS 106 = lightly doped substrate (rmay be p-epi)
316 = lower light guide (nmay conprise silicon nitride) 130 = upper |ight
gui de (mayocompusse silicon nitride) 30110 = insul ator @EeTgB280/h34eON OXi de)
WD 2011/ 048571PCT/ 1 B2010/ 054779 8 7 111 = insulator (may be a silicon
oxide that further conprises boron and/or phosphorus) 107first netal
(lowest netal wiring | ayer) 108second netal 5109contact (diffusion contact
or poly contact) BRI aDESQRE €TelCatt@odetibf DaAtwlafst er gate beside a

i ght ide (nay be_a polysilicon gate 104b = gate el ectrode of a
ranst or garel BerOwla 15 Git . gur a8 ity BB ANBHIYEI 19 conOgaLSr T0T0Re. 1040
= gate c?fe%&o%sa%ge a;Lhaps! %ti%elt%‘aéf' %P%Oﬁpﬁéfag%‘?f gate (may be a

e 1 ter or

pol ysilicon gat 4a = a blue color fi a nmagent a
Figure 2 is an illustration showing a cross-section

5 of two image sensor pixels of an embodiment of the
present invention;
Figure 3 is an illustration showing ray traces within
the pixels of Fig. 2;
Figure 4A is an i1llustration of a primary color Bayer

10 pattern;

Figure 4B i1s an i1llustration of a green and magenta
color filter pattern;

Figure 5 is a schematic of a pixel having a
photodiode and a transfer gate;

15 Figure 6 1s a schematic of an alternate embodiment of
a pair of pixels each having a photodiode and a transfer
gate;

Figure 7 1s a schematic of an image sensor;
Figure 8 i1s an illustration showing a cross-section

20  of two image sensor pixels of an alternate embodiment of
the present invention;

Figures 9A to 9E are illustration of a process to
thin a gate under a light guide according to an aspect of

the present invention.

25
LTIST OF REFERENCE SIGNS
106 = lightly doped substrate (may be p-epi)
316 = lower light guide (may comprise silicon nitride)
130 = upper light guide (may comprise silicon nitride)
30 110 = insulator (e.g. silicon oxide)



114b = a red color filter or a green color filter or a yellow color filter
that transmts light to second 15 region 102b via gate el ectrode 104b or

104d. WO 202(4857@peni ng in the insulation film 110 abecengateoshact r ode
104b, 104d 230 = anti-reflectiof |ayer (may conprise three filns: two
oxide filnms sandwi ching a nitride film 20231 = gate oxide 233 = nitride
liner 235 = gate spacer 232 = third anti-reflection film (my be a

silicon om(ﬂ$12523m8ﬂkﬁﬁmmd(@ﬁm-h&ﬁae@iiéﬁdﬁIQKiﬁeytbataﬁﬂﬂﬁh©n
on film (may be a silicon oxide)

n|tr|deg ?55 op a t|-reflecth

52x Prifger 2P on- &F ﬁéﬁéﬁ) faFRPrafdi stor (e.g. 30 a reset switch or

a select switgh or ¢ ?Q}ﬁyﬁﬂgﬂaﬂrgﬂ§hﬁ§§¥)me ZQAEAHMSSZ%ggIgl52010/054779 9
me ns

52y = first region i um doped p-region un er at e)
52z = Pwel |l ungler acnrend rriapsher-gate transistor (e.g. a reset switch or a
select switch or an output transistor) 5 having a photodi ode bel ow
109 = contact (diffusion contact or poly contact)
104a = gate electrode of a transfer gate beside a
light guide (may be a polysilicon gate)
104b = gate electrode of a transfer gate below a
light guide (may be a polysilicon gate)
10 104c, 104d = gate electrode of a transistor that is
not a transfer gate (may be a polysilicon gate)
114a = a blue color filter or a magenta
114b = a red color filter or a green color filter or
a yellow color filter that transmits light to second
15 region 102b via gate electrode 104b or 104d.
120 = opening in the insulation film 110 above gate
electrode 104b, 104d
230 = anti-reflection layer (may comprise three films:
two oxide films sandwiching a nitride film)
20 231 = gate oxide
233 = nitride liner

235 = gate spacer

232 = third anti-reflection film (may be a silicon
oxide)
25 234 = second anti-reflection film (may be a silicon
nitride)
236 = top anti-reflection film (may be a silicon
oxide)
52x = Pwell under a non-transfer-gate transistor (e.g.

30 a reset switch or a select switch or an output transistor)



53 = surface p+ diffusion layer 55 = trench isolation region 57 =
source/drain n+ diffusion 64 = barrier region (nmay be nedi um
doped p- rwgi2on)0480102a = second regi on of a phot odi ode reraBxilogs4d7iogght from
the color filter 114a (may be nedi um doped n-regions) 102b = second region
of a photodi ode receiving light fromthe color filter 114b (may be nmedi um

doped n-regi ons) (102a together with its surrounding p-regions
fornms a 15 phovodi dderstlikewi se 102gl)um dopetiDFa re@icentiedeasf a
hori zontal cross-section at a bottom of the second region 102a. 103b

= a cent®?"8f & K&i%ontal cross-section at a bottom of the second region

102b. 201682, 7, depheiiion «egion syispunding the second Legian J023. 168b =

depl etion region surrounding the second region 1
2011/ 048543 REY/ | RB204OH084770 d0lect switch or an output transistor)

5 having a photodiode below

53 = surface p+ diffusion layer

55 = trench isolation region

57 = source/drain n+ diffusion

©4 = barrier region (may be medium doped p-region)
10 102a = second region of a photodiode receiving light

from the color filter 114a (may be medium doped n-regions)
102b = second region of a photodiode receiving light
from the color filter 114b (may be medium doped n-regions)
(102a together with its surrounding p-regions forms a
15 photodiode. Likewise 102b.)
103a = a center of a horizontal cross-section at a
bottom of the second region 10Z2a.
103b = a center of a horizontal cross-section at a
bottom of the second region 102b.
20 168a = depletion region surrounding the second region
102a.
168b
102b.

depletion region surrounding the second region



DETAI LED DESCRI PTI ON An i mage sensor pixel array that includes a
phot oel ectric conversion unit supported by a substrate of a first
conduct i Woyotiypaes71 The photoel ectric conversion 5 unit may/1bmieophot odi ode
t hat conprises a second region of a s®cond conductivity type disposed in
the substrate and vertically below a gate electrode of a transistor. A
first region of the first conductivity and under a top surface of the
substrate i s di sposed above theESacohd 10°5E§i BALOFhe first region supports
a channel of the transistor. A color filter transmits a |ight that

penet r at es t%ﬁoh@ﬁgﬁh§ﬁﬂﬁ%gePé§?#o&€”§ﬁﬂ thetr ilrstl vdgPoA to generate
carriers, ect heycolor, e a
red coIor5? nggggﬁxg §§n8%§§2§€3ﬁ3$9? %%%&Q%?}g b&IOM/lﬁ%%éﬁétEa%fb The
['i ght WBbeﬁstrQﬂﬁﬂﬂﬁé@ﬂVE@yih@qgaleTEbe@%kﬁﬂﬂgy@@talkjgﬂﬁngytg@onThe l'i ght
guide may be on top of the gate el ectrode. The gate el ectrode may be part
of & trlafm"stemag’atb@ a pesevdswidehthatselsstr swsch 6rCrolt payvi0o
transistor. The e el ctro & may_ be tB}nner t han a6%% f a transistor
e B

in a pettpher§c lﬁ?n HF%F&&H%} PPkelt A Thi St Fo4e may be

made t e rat
eIectrgﬁggngy?%égﬁﬂ?ﬁ%géce thrg%g? aﬁmggg%?%§£|é9an ?E?H§¥%%g 25%flln1on

the substraterctierd i ght tpui de mmy benflarcmed ity t hedopenriawy aftep the
thinning. An anti-reflection stack may be fornmed at a bottom of the opening
pr| or to1rbrAEN@ T Hend i ghbsguiades 1s dlspos%%ualéovel lthgstgatescdan i mage

10 conpri 0 array 12 of pixels connect to a rom1decoder
5oLy 7O Ofl o L DF LoF SRR 25 BHATES & |t Feader (e cui |

2011 0485T4BCTLLA2010/ 054779 cb Lo by 2, aubiut, i anabi 18 rout put from the

pi xels 14. Lig reader circuit sanp es t e out put signals 18 from pi xel s
14 and p@yepeafc@fsmtsmb@u@ht itore aywh anpl etitcatdonann sarples-rof the out put
signals 18. The pixel array 12 5 Includes a color filter array that

conpri srees%@nofcor idare saher apad ier $ woodrerist bhectene tapltdre f sEcend or
each pixel , illustrates an olor filter

Sy S Ay E@@u@%@@ﬁ&@&%ﬁ&axg Sart 0t tﬁ%efxggﬂ%cé:ar%y a12.
Fi gure 4A.SH0WS 13 Bayer - pLi War v, cAl or oLy Lo pat et 0L hat, £ompises

r epeat nen3|ona array of t wo- by- tWo array of ters each

havi ng e bt argireen cokdr tEGtha qs;&decell@rct(ﬂd@ndla ki ulel@lotor (B). A
pair of green color filters is disposed al ong one
guide. The light guide may be on top of the gate

electrode. The gate electrode may be part of a transfer
gate, a reset switch, a select switch or a output

20 transistor. The gate electrode may be thinner than a gate
of a transistor in a periphery circuit outside the pixel
array. The gate electrode may be made thinner by means of
a wet etch. An etchant for thinning the gate electrode
may be introduced through an opening in an insulating

25 film on the substrate. The light guide may be formed in
the opening after the thinning. An anti-reflection stack
may be formed at a bottom of the opening prior to forming
the light guide.

Figure 7 illustrates an image sensor 10 comprising an
30 array 12 of pixels 14 connected to a row decoder 20 by a

group of control signals 22 and to a light reader circuit



15 di agonal of the two-by-two array. A pair of a red color filter and a

bl ue color filter is disposed along the other diagonal. A red color filter
has negl iyokba/wsamsm ttance for wavel ength of |ight i nparnBieess4rivan
600nm A green color filter has negligible transmttance 20 for wavel ength
of light in air Iess than 500nm or nore than 600nm A blue color filter has
negligible transmttance for wavel ength of light in air nore than 500nm A
magent al coyor Pidtrert hasgnedls di bl eutdnit ttarge tloe nawellength. of light in

air between 500nm and 600nm A 25 eIIo color filter has neg %g

adni t t ance For engt RUof Isiadfllﬁ AFF 185 thai 15

{11 1ord “boak tranch iTakes %&O%eb#%%i%?@s@f a5 8@“@”&%’59? '

i ble
A% tt ance

8hor

shows a

schematdge §ampar £rpdinenbueioa: ptxghald afs t henpi yekear rayrd2. 17he pi xel

14 includes a WD 2011/048571PCT/1B2010/ 054779 12 phot odet ect or

of éxanpreluthe @hcsmbl@reéﬂdrteﬂocamgybéh@tpmr@]@lmd@S Thel phot odet ect or

100 may_he connected t set witch 112 via a tr nsfe ate
ohot odeﬁﬂeﬁ%ﬁf%@é%@eﬁl SAOLETS rsdiRet C8 16w 144

100. By way
17 The
Rfough an

out put pEQE?,?H4°||0“Br) tranS|stor 116. The tranS|stors 112, 114,
nay

116, 11

d effect transistors (FETs). A gate of the transfer

gate 112 mayrbgueennectied & ot aaTEn)ad ideahdle AQad ecol orhegireset switch

112 may be

array that may be disposed over and as part of the pixel

10 array 12. Figure 4A shows a Bayer primary color filter

pattern that comprises a repeated two-dimensional array

of a two-by-two array of color filters each having one of

a green color (G), a red color (R) and a blue color

A palr of green color filters is disposed along one

(B) .

15 diagonal of the two-by-two array. A pair of a red color

filter and a blue color filter is disposed along the

other diagonal. A red color filter has negligible

transmittance for wavelength of light in air less than

©600nm. A green color filter has negligible transmittance

20 for wavelength of light in air less than 500nm or more

than o00nm. A blue color filter has negligible

transmittance for wavelength of light in air more than

500nm. A magenta color filter has negligible admittance

for wavelength of light in air between 500nm and 600nm. A

25 yellow color filter has negligible admittance for
wavelength of light in air less than 500nm. A

transmittance 1s negligible 1f it is less than 10%.

In

each of the different color filters, peak transmittance

should be in excess of 50%.

30 FIG. 5 shows a schematic for an embodiment of a pixel

14 of the pixel array 12. The pixel 14 includes a



10 connected to a RST(n) line 118. A drain node of the reset switch 112 may
be connected to an IN|line 120. A gate of the select swtch 114 nay be
connect edwbaoa /884711 i ne 122. A source node of the sel eccsuBioabvosuizb may be
connected to an OUT |ine 124. The RSTn) |ine 118, SEL(n) line 122, 15 and
TF(n) line 126 may be common for an entire row of pixels in the pixel array
12. Likew se, the IN 120 and OQUT 124 lines may be common for an entire

col um Wioppgeltedtmt hel pi x&ly araayo 12exve IRST(Phel Phe T8 tSELCM) | ine

122 d TE( 12 t 20 d d t
2 TR Ly ke B e S T ?n@ilolt?ﬁ%\{i%%i%%ﬁg&oed“?% ﬁe"’\r Coht
reader 1 apd ace part,ofothe vertical jsianal, ines A8, re 6

S S ﬁ ? gse

Il'lustrates a pair of pixe aring a Feset” swi ect smntch

114 andrigd pubpulddiansd st 00 02mailbal Aophet adetecear t100a enteatt ransfer
gate 117a together forma first pixel within the pair. A photodetector 100b
andoa t$@m§€ér1@étéﬂmm7bgho@éthﬁlt@@tn1a §ecdhuuptﬁeﬁkwhhdweﬁﬁ:he pair. The

30 arr ayt 135 PG il - parhet fclAltebs a6 SpHdtodel bt ond tro0e | 1608 ©
f WO
3822f82§%7§gﬁﬁﬁ1E§ﬁ§%?§5§§$5% %gbatesYg%;%{a2i7gf respectively. Transfer

gates 117a, Algbtarefcamd ottedshyhefdzontab sieghals I&0neb)tck2leo and
TF(n) 121b, respectively, connected to their respective gates. A shared
reset SW {eh 1iZeconbect sAt he® sehsehfodesSEIN $olthe verd ical PR |ine 120
r a contr of a s hor.i zont RST(n) 118 i's connected
ol ga?%n%?cﬂg‘ﬁéi et DU LI The®r edot Kt CROTES Mnd- EhelPRomet or
gt 11%p: when 1hur ned, O\t agethere and.gach, i o antriode 12alopcbY (driving
both 10 the S|gng{ (n) 118 and t e signal 0](n+1) 121azﬁ9%ﬁ can reset
t he photlodetectort 100acth alvoliagebér ansmiddiesd byot he swar ti cak LR2si gnal
120. Likewi se, the reset switch 112 and the transfer %gie 117b when turned
ON t oget hepuaRé éeizsieiﬁfotaet rsezild%ctegW@ﬁOéy dr ¢ vinpy rEasne@eesl gnal

o a voltaBe PPAnartCou’by TRE VerLAEH N ei ghat 130 Whe. RST(RY ine

1185 S%@)Tk' Ay 31%%@”9% %)bé'cf:‘@mﬂa%%af%ﬂ JE(Q%t' e f‘c%}bo@re

connected to t e row deco and are part of the
pixels in the pixel array 12. Likewise, the IN 120 and

OUT 124 lines may be common for an entire column of
pixels in the pixel array 12. The RST(n) line 118, SEL(n)
line 122 and TF(n) line 121 are connected to the row
20 decoder 20 and are part of the control lines 22. The
OUT (m) lines 124 are connected to the light reader 1 and
are part of the vertical signal lines 18.
Figure 6 i1illustrates a pair of pixels sharing a reset
switch 112, a select switch 114 and an output transistor
25 116. A photodetector 100a and a transfer gate 117a
together form a first pixel within the pair. A
photodetector 100b and a transfer gate 117b together form
a second pixel within the pair. The first and second
pixels may be located in different rows within the pixel
30 array 12. The pixel pair includes two photodetectors 100a,

100b connected to a shared sense node 111 via transfer



20 control lines 22. The QUT(m |ines 124 are connected to the |ight reader
1 and are part of the vertical signal |lines 18. Referring to Figure
6, an outwobtotweEssistor 116 is connected to a vertical @JT/IB:neou2sd via a
select 25 transistor 114 turned ON byishori zontal signal SEL(n) 122. The

out put transistor 116 and the select transistor 114 are shared anong the
two pairs of photodetectors 100a, 100b and transfer gates 117a, 117b. A

si gnal wanebelflr/ansm 1 tled feemahot vdévect dira9aetrogehieverieal OUT 30

line 124 driving horjzontal signals TF(n+1) 12 d s 22.
L: ng s]el,% @itflﬁ\rlnisﬂno %ﬁé%égar %Sﬁé$£§agp;§§1” E\F@% % %%8@7*1 gg?éﬁom/ 054779
14 phot.odet ect t £ | j 4 i.ving hori zont al

14 bhotadgt ap gy 100h o LhecterLisa), UL e dgachy gy g hor zontal

two pixekspddrofraanyenbdod mantsiofréherepage Sensen ofl ot erimstant the
invention where the pixels 14 each has a color filter 114a of a color or a
col or fés¢nee Do4le ofla dPf ftécentewol opl Tho Ipixel §28r @nslsown? supported on a

sem conduct or _.substrate 106 in Figure 2. The seni ductar. substrate 106
ooy bo GOREBRL P iachata Bt it oh Cvat s o brRa T 16t e SRR L vi by
type, f | - t or ﬁgﬂ@l b ; 1 ma o LLicon
dgged ﬁ?%%ﬁégggﬁﬁsgjt%gggggcéﬁfratloﬁegégmggﬁﬂ% 5 g%f ¥39%%1%?§%$ such as
a conventiooal 1plepind ayee ez deavi by tdoped/ prwsehbstiatreed not shown) .

15Referring to Figure 2, each of the two pixels is for

together and each into a triode region by driving both

10 the signal RST(n) 118 and the signal TF(ntl) 121a high
can reset the photodetector 100a to a voltage transmitted
by the vertical IN signal 120. Likewise, the reset
switch 112 and the transfer gate 117b when turned ON
together and each into a triode region by driving both

15 the signal RST(n) 118 and the signal TF(n) 121b high can
reset the photodetector 100b to a voltage transmitted by
the vertical IN signal 120. The RST(n) line 118, SEL(n)
line 122 and TF(n+l) line 121a and TF(n) line 121b are
connected to the row decoder 20 and are part of the

20 control lines 22. The OUT(m) lines 124 are connected to
the light reader 1 and are part of the vertical signal
lines 18.

Referring to Figure 6, an output transistor 116 is

connected to a vertical OUT line 124 via a select

25 transistor 114 turned ON by horizontal signal SEL(n) 122.
The output transistor 116 and the select transistor 114
are shared among the two pairs of photodetectors 100a,
100b and transfer gates 117a, 117b. A signal can be
transmitted from photodetector 100a to the vertical OUT

30 line 124 by driving horizontal signals TF(n+1l) 121a and

SEL(n) 122. Likewise, a signal can be transmitted from



detection of a light of a different color, as determ ned by the col or of
light transmtted by color filters 114a, 114b, respectively. The col or
filter 1e 2nag4gamnegligi ble transmttance for |ight hacirngeaoeswal engt h
20 in air less than 500nm whereas theg color filter 114b has negligible
transmttance for |ight having a wavelength in air |less than 500nm For
exanple, the color filter 114a nmay be a blue color filter, or a magenta

col or feheepdenerteas 1 hebcdloortife | vertit4ld mdyT beiaerédLddor filter 25 or

a green_color filter or_a_yellowcolor filter. Metal-2 wres 8 over the
substrﬁ%l‘iéégcmoﬁEéic‘?%qw]tSﬁeTBi(Qél Tary2a \%/iEtL\#anelé ot her and/ or

with the rowdscoder 20, and or Light reader 1 Netalo Lopires, 107 bet veen

the netal -2 he substrate 3 may connect between devi ces

in the phxehbdd.infort exanphe hetawensandwai i fhgsiertefntone transistor to
a WO 2011/048571PCT/1B2010/ 054779 15 pol ysilicon gate of another
t rahsi stioyonof obetvieeine atdevicceccane a4 nmeealh aw re. ChNBog Wi ¥ 1 hgrl ayers may

be used.. An insulating dielectric 110.above the substrate 106 supports
ot T 1 o83 67 i Fepal 5o A 1@s 10808 THelh nabl & CHg GTePRErTTC 110
may co i arsid i i de., ect,l i 0 -
insula??%%égfnggiﬁﬁgai%ﬁ ?gekgggﬁgﬁtgﬁggg?ﬁ#%ygﬁ SFE§WﬁR%§§%ﬁQ?Sﬁ§ such
as sodiumandapet assé uthi BngurEhe protraet isemifddmidi ormys gosprhse a
silicon nitride. 10Referring to Figure 2, gate el ectrodes 104a, 104b, and
104c arl eathvdicsposebliohta vgatao il e ert cicgrduow s howite Figr hedf oA t he

su atra e 106. Th ate.dielectric insulateitthe gate e%ectrodes %O4a,
104b,

104E° fr 6fh ubstY at- & Pfoe. T Gat 8%61TBCtT ddesYR64a,” To4b*aHb fo4ac may
substrate 106 may be of silicon doped with boron to the

concentration between 1E15/cm’® to 7E15/cm’, such as a
conventional p-epi layer on a heavily doped p+ substrate
(not shown).

15 Referring to Figure 2, each of the two pixels is for
detection of a light of a different color, as determined
by the color of light transmitted by color filters 1144,
114b, respectively. The color filter 114a has
nonnegligible transmittance for light having a wavelength

20 in air less than 500nm, whereas the color filter 114b has
negligible transmittance for light having a wavelength in
air less than 500nm. For example, the color filter 114a
may be a blue color filter, or a magenta color filter,
whereas the color filter 114b may be a red color filter

25 or a green color filter or a yellow color filter.

Metal-2 wires 108 over the substrate 106 connect
devices in the pixel array 12 with one another and/or
with the row decoder 20 and/or light reader 1. Metal-1
wires 107 between the metal-2 wires 108 and the substrate

30 106 may connect between devices in the pixel 14, for

example between a drain diffusion of one transistor to a



15 conprise a polysilicon. Gate el ectrodes 104a, 104b are each part of a
transfer gate, such as a transfer gate 117 shown in Figure 5 or transfer
gat es 11Asp 20fifiasshown in Figure 6. Gate el ectrode 104bpcs/iBoné/ngared to be
penetrated by a light having a wavelersgth in air greater 20 than 500nm
such as green light or red light, transmtted by the color filter 114b and
passi ng through a lower |ight guide 316 above the gate el ectrode 104b. Gate
el ect r gdeky 2046 carre @ach pér@Hﬁtﬁenohram§mﬁtﬂrga©é,maﬂW@Q@n@Ie any one
of the reset transistor source- 25 follower transistor 116, and sel ect

transi stO¥1£%4°8hovin A" # ggr&¥§?w Flgife 6.1 119 Lla@efer Midyg ¥6 Figure 2,
lover |.lght 9%%%@&@13@%@%%ilég%?%lgu'ﬂ%? 339 r%h{%gﬁfﬁkf?gkgﬁ arranged

in cascades to transmt visirble romthe col or

114b. L @bt sgpibdes: Slfetd30 1My 16ONPT DSE ady Binhd €9N-Ni tiriirdes I@B.exarﬂole
Si,Ni. The lower |ight guide WD 2011/048571PCT/|B2010/054779 16 316 on the

ri ght Hése albettlemiond t heedatcd el @ct t 0daato4bonpri ansmiti light fromt he

color filt 114b to the gate el ect e 104b. Between the lower |ight guide
S35 on ThLSFr aht AP T et Sahe ‘o061 § DAe T POAE S be eand A o O

a”t - %1@%&%1% acky tggr R e P%B%@E@& 351'1&0%&9%%%“ n‘ié“@a%r %%’E‘ tted

ght at interface t wee e | ower and the gate 104b.

For exanpte, akhgcantim &edl @@tuamsﬁmcmmy comélpeott@rmcdmefmmn c filns
(for exanple, oxide-nitride-oxide) or nore. Each filmhas 10 a thickness
bet weert 5 mﬁgstqodirﬁrﬂaﬁﬁ 2060 LAyt rors répts.mi zed to reduce reflection for

nge of t wavel en s trangmtted b color filt 104 he | ower
i B Gut de A BhL e TOrt SPSCa SpoSki f aberal P ekt TD4nd it 6
el ectr 1 t e;l S wi t hout
passi ngg}t? rgggﬁ %hrteé gé;%gheﬁecﬁsdéegl%ﬁ %a%é) &j%éggtcjcgggﬂﬁg%%y of the
first comdugyi fictyndypen sueh sasoPp:type, 10 di sposedatirderi ¢ hecgate oxi de

bel ow the gate el ectrode 104b to forma bulk of a transistor 20 that
conpri sessthatgat et egdtode LEg4b-odhe fi0dst, rielgton s@yl%eﬁmmthbegate

clect 1 ode, 1040, N9l o el ectiode, 10401 el pRg e AL Tus on 5T
ot st pskan oo my sxtens (rome Loe an Jaler o oyl s
col or fédterpart of a transfer gate, such as a transfer gate 117
shown in Figure 5 or transfer gates 117a, 117b shown in
Figure 6. Gate electrode 104b is configured to be
penetrated by a light having a wavelength in air greater
20 than 500nm, such as green light or red light, transmitted
by the color filter 114b and passing through a lower
light guide 316 above the gate electrode 104b. Gate
electrodes 104c are each part of a non-transfer gate, for
example any one of the reset transistor 112, source-
25 follower transistor 116, and select transistor 114 shown
in Figure 5 or Figure o.
Referring to Figure 2, lower light guides 316 and
upper light guides 130 are light guides arranged in
cascades to transmit visible lights from the color
30 filters 114a, 114b. Light guides 316, 130 may comprise a

silicon nitride, for example Si;N,. The lower light guide



114b is a red color filter, nore preferably |less than 0.45pm or to a depth
of less than 0.5pmif the color filter 114b is a green color filter or a
yel | ow covonroBM483i7ht er, nore preferably | ess than 0. 35pprouiBleo/oepto of
first region 52y may be shall ower thaw conventional MOS WO

2011/ 048571PCT/ 1 B2010/ 054779 17 transi stors, such as ones found in the 1/0
cells in the periphery of the image sensor 10 or row decoder 20 or in ADC
24. The3khabhowere depyhtf besf ia 1ot eginonnsSyha eduices ca evartddal 1didst ance

that light t [ i t hij the fi t 5 i 52y. Th i t i 52

beaa rg QOEFégé%Wéirﬂhgbgnérg@hbﬁg%p?ﬂ&%g%ﬁg%%qgﬁt?iﬁi%éihééﬁgbggﬁﬁl¥onay
0.2 bl I i i i ndi

Wi th peake SSbaNE dartentr BELuR Hat When BEEY A PhCoaRg et S R ERG " U

3E18/ cmrighAc18nsi miHarghtest 1regi 0nd82y omay nbey fioe med nbeliow gat enel ectrode
104a to forma bulk of the transfer gate that conprises gate el ectrode
104a. anti-Theé lerciodi 8fasikot &7 aayChe aa dreaki b yddoped regt onnof fa

d ductivity t . h - t . F 15 le, th [
i 17 Usi 'O 5 ERay o F b 8ot o DR A BSRE Wt ne CORGEh YA | RWGF 1E20/ om
or hi h ral | i 7 S h t ense
nodelgggf%?gF§83f§!23%§ éﬁéﬁ?@“%fg e e??ﬁ%ﬁ ?g§§i§8§§*§%£a'§§%o% t?egion

102b i sr&f1 despoeseds idckheasubsinat £s406 thelcaw dhelgate iel ecirade 104b. The
second region 102b is of the second conductivity type, for exanple n-type.
A | at er afOpofKiESP If, t heldecond Tedfonx102h & digpesedaath thelvppesite end

f t he drain diffusij 57). of the t f t hat 25 [ th
gat & elb0E e 0D, THECP Rt SEaIMHOR EF B o 1he SGRoAd Hegi O 1020 connect s

to a byried pPOLl 90 Ofequce reflection for a range of light
wavelengths transmitted by color filter 104b. The lower
light guide 316 on the left is disposed laterally next to
the gate electrode 104a to transmit light to the
15 substrate 1006 mostly without passing through the gate
electrode 104a.

A first region 52y of the first conductivity type,
such as p-type, 1is disposed under the gate oxide below
the gate electrode 104b to form a bulk of a transistor

20 that comprises the gate electrode 104b. The first region
52y below the gate electrode 104b, the gate electrode
104b itself, and a drain diffusion 57 adjacent to the
gate electrode 104b together form parts of a transfer
gate. The first region 52y may extend from a top

25 interface of the substrate 106 below the gate electrode
104b to a depth of less than 0.8um 1f the color filter

114b is a red color filter, more preferably less than

0.45um, or to a depth of less than 0.5um if the color

filter 114b is a green color filter or a yellow color
30 filter, more preferably less than 0.35um. The depth of

first region 52y may be shallower than conventional MOS



t he second region 102b that is buried under the first region 52y that is
vertically below the gate el ectrode 104b. For exanple, the second region
102b may we 20owerest130 by i npl anting phosphorus to form rherBauevst77gporti on
and the buried portion separately, each forned after one or WO

2011/ 048571PCT/ 1 B2010/ 054779 18 the other of two separate masking steps.
The peak doping concentration of the second region 102b nay be between
1E17/ criBr20S7E18/em sucknser oiG3h {shown ias tdott @dOcicedlles i nFLgare 2) of

a hori zont al sectl of the buried 5 portion of the second gi on,102b may
e ver (RURTPYRESl W NS gARE ) Tt Sab_ L04E kP e A el S Pl B Ly

bel ow t st §ﬂﬂ&@£ I gur I ext ends
frombzlbﬁC 5%er§ﬁ§% g@??§¥w%§glo @ﬁgsqglﬁggk §%g?ﬁb%i cen?ggggon of
the firstveonduetl \dits/téﬁcteymelamtpl@htom@fvélhg buched patd i onref the

second region 102b. Referring to Figure 2, unlike the second region
102b, arsetondSieyi on 102aféamtectedion DRe thansber agates ndaradenpri ses

th t t de 104 t d ted dj d sh
ineF?Sﬁ%fé a%(ié&m%% i SRR @éﬂ%%%@%& changhpe DT
el ect agle, 1043 sbul.jhes | 8. o Tae. secong Teghon 1023 b5,0 the sefo

conduct|V|ty typ may be fornmed i nplanti ng p%géphorus
to a peﬁgyd@pm@g:ﬁjb cmaentnr atiiton ;b@amea@ph?ﬂtﬁ/@ﬁﬁc@ndra%ll%@nﬁ nor e
preferably between 7e16{cn13 and 7el7/cm Wen the transfer gate that
conpr|§@%tWﬁ@Hg§@é1%@m rodeSEO8d T n® TN caabhanséll § orns. below the gate

trode 104a ta connect .t he second r 102a to.the drain diffusion 25
ot hatS+%8* afaégﬁﬁyqor?ﬂéoaa 3@P@%¥r§%e%26? <§hgeépwtﬁ@”55p05|te end from

t he Secé&[‘@ eghan 1 ]ﬁg@@ rdhedrain ﬁuik“%‘fo%r? edhacent. t Eé‘et ate
el ectro 104a may be a sense node such as e sense nod 111 of Figure 5
or Figuremprithe loowes Eightrguiadel 346.on the left is
The drain diffusion 57 may be a heavily doped region
of a second conductivity type, such as n-type. For
15 example, the drain diffusion 57 may comprise arsenic at a
peak doping concentration of 1E20/cm’ or higher. The
drain diffusion 57 may be a sense node such as the sense
node 111 of Figure 5 or Figure 6.
Referring to Figure 2, a second region 102b is
20 disposed in the substrate 106 below the gate electrode
104b. The second region 102b is of the second
conductivity type, for example n-type. A lateral portion
of the second region 102b is disposed at the opposite end
(from the drain diffusion 57) of the transfer gate that
25 comprises the gate electrode 104b. The lateral portion
of the second region 102b connects to a buried portion of
the second region 102b that is buried under the first
region 52y that is vertically below the gate electrode
104b. For example, the second region 102b may be formed
30 by implanting phosphorus to form the lateral portion and

the buried portion separately, each formed after one or



30 positioned to transmt light fromthe color filter 114a to the substrate
106 instead of through the gate WD 2011/048571PCT/|1B2010/054779 19

el ect r odew0dQ@4u/0484711 s noted that a m nor amount of | i ghtcitnBmid/be7tower
[ight guide may be transmtted to thel8gate el ectrode 104a but this should
conprise less than 10% of the light transmtted by the | ower |ight guide,
such that 5 the lower light guide 316 on the left is said to be nostly

t ransnitthé ngthieghto it ot vhesspbstatat enabkhogt Pazss ng Thcoughe t heogang

el ectrode 114a. g econd re ions 102a, 102b may be isolated froma
Lop | ntetFaEE CoF iR stbsthat S MRp Nt FHSI6Rs S37beSPde PF0 e gate

el ect r odes; 104a, 1049 having & L1 st condueti vilbyLype: . ea8r (Bt ype, and a

dopi ng concentratlon etween best e of the

presentc et eonrhasi hees deserfi hedhaboven tEbAs @bt epRatoe em@dbﬁ@mtedof t he
i mage sensor of the instant invention nmay use no light guides 130 and 316
ovep sa@@naleégiooﬁwstm@zaea@@dlmb@@ ﬂﬁ@ﬂoeamameugératmﬂ/bmb@ﬁ@m

nlcrolggi and a c filter over each sec ﬁgglon to cus | i into

the secohd Pegfolf ng%@d?hﬁ§ tEnat'ey e L ¥%i P@hs and a
first I h t
I TS é’rfﬂkstterré 8111 Sbtyi ﬁf%&%ﬁ 9@1{@’ &ng a %@‘@éfﬂ?w ogreater

than 500nmto the ga e elec erea a second ens and a
second oh 06nf EteIndogetber Halansmiheael itght havingraguavel ehgt hawi thin a
25 range of 450nmt+/-50nmto an area of top interface of the substrate 106
adjacenlZ@@abuﬁqmﬁn%OQQﬁéénwﬁaﬁﬂ@ﬁeDécﬁ eihD&E conductFigut¥ 3 is a ray

raging diagtam for the sectional, of the Mg sepsor, shown I Figure 2

region 102b.
Referring to Figure 2, unlike the second region 102b,

a second region 102a connected to the transfer gate that
comprises the gate electrode 104a has a center 103a

15 (shown as dotted diamond shape in Figure 2) of a
horizontal section not vertically below the gate
electrode 104a but beside. The second region 102a is of
the second conductivity type, e.g. n-type, and may be
formed by implanting phosphorus to a peak doping

20 concentration between 1E16/cm’ and 7E18/cm’, more
preferably between 7el6/cm’ and 7el7/cm’. When the
transfer gate that comprises the gate electrode 104a
turns ON, a channel forms below the gate electrode 104a
to connect the second region 102a to the drain diffusion

25 57 that is adjacent to the gate electrode 104a and at the
opposite end from the second region 10Z2a. The drain
diffusion 57 adjacent to the gate electrode 104a may be a
sense node such as the sense node 111 of Figure 5 or
Figure 6. The lower light guide 316 on the left is

30 positioned to transmit light from the color filter 114a
to the substrate 106 instead of through the gate



30 color filter 114a and the light guide 130 on the left, reflects on
sidewal s of the light guide 130 on the left, WO

2011/ 0485v0RCTi/0482010/ 054779 20 penetrates the second r egraR20108%779 S
finally absorbed in the substrate witt®i n the depletion region 168a,

wher eupon an el ectron-hole pair is generated. An electron fromthe

el ectron-hole pair is swept by the electric field in the 5 depletion region
168a t owkedsrobe sdtbnd Fegilon nO2adwhbpeas anhode Bmomrttheo bal i ghg

repelled away into the substrate 106. The accunul ated charge in the second
Fegi on Hooh s JEatThest HBte Hagit i 98Y GF L17GAL CWEY Be abS0r BEFS n t he

second é%?&??o&%z?i’o Sp HP R, s8N oShSthrg 510l %Egs i%e%g”fé%tﬁ% from

which a electron is held within the secon egli on as a hole is

repel | eechbyltbetelteeiméeiticeld iy the depleet ilongkegpondb8aswuhwahds to the
substrate 106. \Wen the transfer gate that adjoins the second regi on 102a
and>St hath4a 51 corpr ilsesh gage ickectroden 104 iletturhedseNdc ¢d dven a conducti on

ath, in this exanple an.inversion | a in the channel, at the surface of

P st L8 Soa R ba R StarD £y Bl Mo S e IS ceaomt  ogt on

102a aqg?égfnﬁrﬂﬂkéﬂéﬁuﬁhgpg%ﬁéf%fQQEEo tfﬁqggte el ectrode 20 104a, the
o) mu e

ext ent acc at ed” negati charges is then sensed by an anplifier

circuit suchrias shewnd n-dgune 500 Fipure Gay be ifefereingFitenFigure 3
again, ray b enters the color filter 114b and the |light guide 130 on the
right, 28orenltectisah sfdénel Isipit ragel bghtdigii del 936 o thestight,

pongt ahes e antioretlsell o ot ack 230, e gat e gl gt ode 104b and
T AL R OR 2 el gl pgleey bed I the 30
concentration between 5E17 to 1E19.
The best mode of the present inention has been
described above.

15 An alternate embodiment of the image sensor of the
instant invention may use no light guides 130 and 316
over second regions 102a and 102b but instead may use a
conventional microlens and a color filter over each
second region to focus light into the second region. 1In

20 this alternate embodiment, a first microlens and a first
color filter together transmit a light having a
wavelength greater than 500nm to the gate electrode 104Db,
whereas a second microlens and a second color filter
together transmit a light having a wavelength within a

25 range of 450nm+/-50nm to an area of top interface of the
substrate 106 adjacent to but not covered by gate
electrode 104a.

Figure 3 1s a ray tracing diagram for the sectional
of the image sensor shown in Figure 2. Ray a enters the

30 color filter 114a and the light guide 130 on the left,
reflects on sidewalls of the light guide 130 on the left,



el ectron-hole pair is generated. An electron fromthe WO

2011/ 048571PCT/ 1 B2010/ 054779 21 el ectron-hole pair is swept by the electric
field in whbeodapksti on regi on 168b towards second regi orCIORD1WNET®AS a
hole fromthe pair is repelled away i20to the substrate 106. The accunul at ed
charge in the second region 102b 5 thus beconmes nore negative. Wen the
transfer gate that adjoins the second region 102b and that conprises gate
electrdden@DﬁbUaﬁtth@eSGGde)ﬁQgh®a ¢oaductliont pash,lvi mihdsbeganpl e an

i nversi an Iaﬁgr in the channel he sil.icon surfac el ow the ate

el ectro S et vie el ¢ lphéjg%c AL PEGIOSh AT2bOand Se ndeF FHESTon 57
adj acenéntgl%ger%q{ Al ny%‘iq:e %04 e L0G +8X] entAr‘?fﬁ%%'{ riatffiofﬂeg tghemau .

charges IS then sensed y-an a ier circuit such as s In as

of Fi guse=8tebnFiglre HaiFhe SCinQifptfl byerchleléliole@yrﬁ_earislreld aifiedhkl ght or
a 15 green light or both. The color filter 114b nmay be a green col or
fil ber,deptetionl gredidnel o8ar toowerdiswtbs cﬂe¢¢m¢ieﬁfeg@oeerﬂ @nd red lights

h | th 500 d 700 d trat
han | dfERFadgR 111 SontaRd (B8 Y1 Fcof BERS b Bai Aldbsor bedth20 L ght
ray b haviog-passed s roug colain{ilisn Ldnds bl eto penstsate through

the first region to generate an electron pair whose electron is

col | ectieslybynt h@ZSzeCtQImdsrbglc@lméé)Z‘rbobél awdthel Fé [ sbrr egi an G2y . magAs
illustrated in Figure 3, the light ray b penetrates beyond t he second
reglon11@2@b§@dkgéhewatEEeaﬁaﬂQQQrbﬁgh@meh&ﬁ& W RRICe U@ depiet i on region

(heh SuiFouIss e second oulon, A s 2 1A, LAY ESSESof QU (he

held within the second region 102a whereas a hole is
repelled by the electric field in the depletion region
168a outwards to the substrate 106. When the transfer
gate that adjoins the second region 10Z2a and that

15 comprises gate electrode 104a is turned ON to form a
conduction path, in this example an inversion layer in
the channel at the surface of the substrate 106 below the
gate electrode 104a, between the second region 102a and
the drain diffusion 57 adjacent to the gate electrode

20 104a, the extent of accumulated negative charges 1s then
sensed by an amplifier circuit such as shown in Figure 5
or Figure o.

Referring to Figure 3 again, ray b enters the color
filter 114b and the light guide 130 on the right,

25 reflects on sidewalls of the light guide 130 on the right,
penetrates the anti-reflection stack 230, the gate
electrode 104b and a gate-oxide beneath (not shown),
penetrates the first region 52y, then penetrates the
second region 102b, and 1i1s finally absorbed in the

30 substrate within the depletion region 168b, whereupon an

electron-hole pair is generated. An electron from the



30 the second region 102b itself, generating an el ectron-hole pair whose
electron is retained in the second region WD 2011/ 048571PCT/1B2010/ 054779
22 102b wherenw48ite hole fromthe pair is repelled out toTuhmieusSty ate 106
by the electric field within the depl®ation region 168b. O, a |light ray

t hat passes through the color filter 114b may be absorbed in the 5 first
region 52y, creates an el ectron-hole pair whose el ectron diffuses into the
depl et iohecegpon168b madri § ssweptpbybvhébhel extedtricelld ahérenntihnt o t he
second regjon.102b. In an_alternate enbodi nent, to, reduce _an anmount of 10
T ght  4bSor Bed o 16 Gat & CePectbue  1046C Tt HarPe08l edtiode 1695 mmy be

nade thinpst . at Jreastcoper a0oriion, vader. Lhe | gver chiohtguide 316, than

gate electr of a rent transistor, anpl'e a transistor outside

the pixebcarraneld stighuastene diethe 15 ADC ZdecHaH exanple,1a2b
conventional polysilicon gate nay have a thickness about 2,000 Angstrom +/-
10% Thehgat beelcatts gaer 04l adeyl \conpr sena Pt yskbnedwr [I3anaytbetmade to

be between 200 Angstrons and 1,.000 tro t.hi ck, pref.erabl et ween 300
ot R e e B i B SR PR o b TGS JaBg

Angst rg{}?e ir?%d%atl%@ﬂ)efér(Equ?lﬁelqjg%lg';%ob%o%@dc Hkﬁ’ﬂc‘:}ﬁ%tﬁﬁ‘gtﬁbo‘ﬁ using

wet et after the drain di n I's already forne nsuflating film
110, sugchiaseassidliccain oxhee fdilan nayebe idepast t edaover] tde water,

followed by a I|ithography 25 step to form a photoresi st mask over the wafer
to justskkpese atdds2on Pheéovnsulatyagef ellmcloddove Mehereegates are to be

DA : B ckiot SYST BT eRo.Or, L aiRLor, dotoscin Lo el Bty 12 wher e
openl n-lihd eipies Lhecenaol g ooy then i gel Ly Actinststicto eteh the
2011/ 0485744 PCUEI B2HO4054749 t23n sensed by an amplifier circuit
such as shown in a schematic of Figure 5 or Figure 6.
The color filter 114b may transmit a red light or a

15 green light or both. The color filter 114b may be a green
color filter, a red color filter, or a yellow color
filter. Green and red lights have wavelengths between
500nm and 700nm and are able to penetrate more than lum
through silicon and polysilicon before being absorbed.

20 Light ray b having passed through color filter 114b is
able to penetrate through the first region 52y to
generate an electron-hole pair whose electron is
collected by the second region 102b below the first
region 52y.

25 As i1llustrated in Figure 3, the light ray b
penetrates beyond the second region 102b and generates an
electron-hole pair within a depletion region that
surrounds the second region. Also, a light ray that
passes through the color filter 114b may be absorbed in

30 the second region 102b itself, generating an electron-

hole pair whose electron is retained in the second region



final thickness. The lithography step may be preceded by a planarization of
the silicon oxide filmby CWP. As an alternative to the wet etch, a
pl asma etwb 20n/a4B&1i nsul ating film 110 may be applied t ecraBmipess7of 5 the
opening foll owed by a wet etch to remave the residual thickness of the
insulating film 110, etching the opening through the insulating film 110
and exposi ng the upper areas of gates. Alternately, the entire thickness of
t he i nsuldabi ngefidan ﬂﬂ@enhylbeZ%ﬂ@%eﬂhﬁhﬁﬁﬂqhib? pE9§&dEeichuu0talone not

i nvol vi wet etch, to cr e enin The inn of the gate 104b
may be %g?f 8P}?§&%ﬁ§%ﬂ§6| ghttltllﬁ do %ﬂtﬁgﬁ rfjj(ef_ )WEL?%E]I dnttf%%r transistors
in the d/ dec 0: be an openi ng
i nto whi %gﬁgﬂ f%?fl(gﬁtﬁggbde gg%’ i% Sll} gcqﬁ%ﬁ P?rirygeagrl)§éesg by

deposi timgoagsi leorncdi bri de.] tAn ant ibr efbhectd Oéib@ba!@le,d suchcias an

oxi de-nitride-oxide stack conprising a lower oxide film a nmddle nitride
film andliastopegxiade $2Vm Cﬂfe\,atmes d@lpoeiltee:atn@thelboptadm ofhehe opening
prior to 20 form ower e 316 in the o j.ng. . Fi gure
BA Lo G2 T aor ot A BrotEes fore 1 aFHiES woe%ﬂm& ﬁz@%mdt h& gate
104b ( d

anti-rg% é@?l% g?ggség%C%E§ng%gi%g4gh%g 1%g4g%to fornlng | ower |ight
gui de 25:316ni n othe. openi ng 120. Figure 9A shows the gate 104b on a gate

oxi de 231 on the substrate 106. The gate 104b is flanked by spacers 235.
The gate 104" apd spacers 235eand Jpsraionstof relgbl gat @norM@e X310 hot under

04b pacers 235 are cov ed by filmof nitride liner 30

2350 Ant Sl 3@.8@5%%%1} DoV S { ALSRAFErS oL 146r mitar Herght as the top
of t he I i 1 1 4 010/ 054779 24
may be %P%?F%gé% olx e ﬁ%ge% w%ia%o%%ﬁ%ag%oph%gpﬁ%r%gcg\}uéﬁ %s BPSG. The

i nsul atpagt £ ohmubll:f urhbel oseversithe wafiete abbye then nsutating film 111

and the portion of the nitride liner 233 atop the gate 104b. Metal wiring 5
| ayers %@cérom dfota hdvé fee@ntf o redsiis e | heul KA e Ian 110 at this

polnt - The Lusulat g LLLM 110, oy, comarlse, 3 #1LLon .o Flougs o8

15 ADC 24. For example, a conventional polysilicon gate may
have a thickness about 2,000 Angstrom +/- 10%. The gate
electrode 104b may comprise a polysilicon. It may be made
to be between 200 Angstroms and 1,000 Angstroms thick,
preferably between 300 Angstroms and 700 Angstroms, more

20 preferably within 500 +/- 50 Angstroms. The gate
electrode 104b may be etched down from the above using
wet etch after the drain diffusion 57 is already formed.
An insulating film 110, such as a silicon oxide film, may
be deposited over the wafer, followed by a lithography

25 step to form a photoresist mask over the wafer to just
expose areas on the insulating film 110 above where gates
are to be thinned, e.g. just over areas of transfer gates
in the pixel array 12 where lower light guides 316 will
overlap with, followed by a wet etch to form an opening

30 to expose the top of gates, then finally a wet etch to
etch the gate (e.g. polysilicon gate) down to the desired



insulating film 110 and exposes a portion of the nitride 10 |liner 233 above
the gate 104b. The openi ng 120 nmade be fornmed by plasnma etch al one, or nmay
be formedvbyorn/@smsma etch foll owed by a wet edge. |n FipgunB208@)s471Tve
portion of the nitride liner 233 is r®Bnoved, and the gate 104b is etched
down from above to result in a thinner gate of the 15 desired thickness.
Figure 9D shows an anti-reflection stack conprising three filnms 232, 234,
236 ar ef foefredhdre ks ¢ hi hed lgdtleod04bhat ttep bosyolveofotchec@dpenioyg 120.

Top anti- reflection film. 236 may. conprise .a silicon oxide, The 20 second
anltoi -ret |J%5E@Péﬁlf451frﬁ%4oﬁa§%@or%ﬂ%gga §’ixlj1'dceon%hil[“r Pde “Mhe third
anti-refl ection_fi onpri Ll oxi h-reflection
st ack reduceﬂégaagaég]&%%ﬁifgcgigon 0 a"ﬁéghtb%?rl?ldn)s(ém %aegﬁsr %%dt}he&lfli ght

gui de 3di6et Onthe asubsd rat eml106.0 mhgur Be9Epsiiowsd | tghtr o2 qui e 316 is
formed in the opening 120 after the anti-reflection stack. Figure 4B
i |l bst ratesonpotiier exahpledofora xover eitltertarrayovkatt myreldiiggosed

over and as part of_the pixel _array 12. Figure 4B shows reen- magent a
T or SO FRKRBES Gt eh e haR G eb AT S oot R P | AT ay of
a two- by- rr f fi]ters. e i -
2011/02§%%§ﬁ%?/F@%b?b?%@£%$§fl ﬁ%émo?gg 3?%%29%%¥%?n%k§jg%du%pﬁégenta

col or (MpasAopaigatais gr eeneceolatef] t ens i tdi sposed calrengs one dhagonal of

the two-by-two array. A pair of a magenta color filters is disposed along
the ot herSdilagénal .£1hmalpOxalesarkayetched through by plasma etch

10 alone, not involving wet etch, to create the opening. The
thinning of the gate 104b may be performed after a
lightly-doped drain (LDD) implant for transistors in the
ADC 24 and/or the row decoder 20.

The opening may also be an opening into which lower

15 1light guide 316 is subsequently formed, e.g. by
depositing a silicon nitride. An anti-reflection stack,
such as an oxide-nitride-oxide stack comprising a lower
oxide film, a middle nitride film and a top oxide film,
may be deposited to the bottom of the opening prior to

20 forming the lower light guide 316 in the opening.

Figure 9A to 9E illustrates a process for forming an
opening 120 over the gate 104b (or 104d), thinning the
gate 104b (or 104d), forming an anti-reflection stack on
the gate 104b (or 104d), and forming lower light guide

25 316 in the opening 120. Figure 9A shows the gate 104b on
a gate oxide 231 on the substrate 106. The gate 104b is
flanked by spacers 235. The gate 104b and spacers 235 and
portions of the gate oxide 231 not under the gate 104b or
the spacers 235 are covered by a film of nitride liner

30 233. An insulating film 111 covers the wafer to a similar

height as the top of the gate 104b. Insulating film 111



5 that incorporates the green-magenta color filter array, the green pixel
(having the green color filter as color filter 114b) may be formed in the
manner ofwohelipi4gh on the right in Figure 2. The magentatpBabofdiavi ng t he
magenta color filter as color filter Z14a) may be fornmed 10 simlar to the
manner of the pixel on the left in Figure 2, in addition to having an
addi ti onal photodetector bel ow the second regi on 102a and an addi ti onal
transf eragabe to tirlansder ozghaigedopedmitihibs audini endl pflotderest or .

o FoguTe R, SThE iRt s iﬁ%"ﬁ%ﬁﬁaﬁf@gﬁ Cofd e oA 1035 GO R gar eis T
in Fig to orths S i r

nodi fi (Telg I :%qh t endi ng

t he seglg%%g{rfeglbon 1862% g%ﬁagclil\/\egﬁll ngﬁl oglaaa%ar{(gnlgﬁgt%l (ﬁawgﬁg a gate
104d above hm@riemomdlm@gl on 31Qdp@andhthesRwel10562z. MERe It ransi sgor is not

a transfer transistor 117 and may be one of the reset switches 112 and the
sel ect swechesavloamdayheosuttpute tpanasi stormed 160 The liowerl &Egh gui de

316 of th over|l aps the gate 104d 25 of, the |stor to transmt
o B P e R e el PhBEr syt fhareddahdie ko on 103b.
The Pwel | e?g S%aée%offgoyg d&ié op interface of the substrate 106 bel ow

the gate ectro 4d"to a depth of |l ess than 0.8pmif the color filter

114b is a redigoker 930 fridwer annope rpref er abl yndess:ihang. 43pm or to a
depth of less than 0.5pmif the color filter 114b transmts is WO
2011/ 048571 PETAINBR 0101054779 26! £xypeefn scal cs?rOJﬂtl@@r ogr tdrg el bnieel or

[RLber. TRLe el siobly | gsscilan £38T. e, depth of Puell 52z my be,
Cells'fbfﬁ@dp%@lﬂﬁggmgfe%Q%ié?@ﬁé, or may be formed by a plasma
etch followed by a wet edge. In Figure 9C, the portion of
the nitride liner 233 is removed, and the gate 104b is
etched down from above to result in a thinner gate of the
15 desired thickness.

Figure 9D shows an anti-reflection stack comprising
three films 232, 234, 236 are formed on the thinned gate
104b at the bottom of the opening 120. Top anti-
reflection film 236 may comprise a silicon oxide. The

20 second anti-reflection film 234 may comprise a silicon
nitride. The third anti-reflection film 232 may comprise
a silicon oxide. The anti-reflection stack reduces a
backward reflection of light transmitted from the light
guide 316 to the substrate 106. Figure 9E shows light

25 guide 316 is formed in the opening 120 after the anti-
reflection stack.

Figure 4B illustrates another example of a color
filter array that may be disposed over and as part of the
pixel array 12. Figure 4B shows a green-magenta color

30 filter pattern that comprises a repeated two-dimensional

array of a two-by-two array of color filters each having



5 sensor 10 or row decoder 20 or in ADC 24. The shall ower depth for Pwell
52z reduces a vertical distance that light travels wwthin the Pwell 52z. The
Pwel | 52zwoeyiibess1r et r ograde wel | havi ng peak dopi ng ceatartmeni4om bet ween
0.lumto 0.2um of depth, preferably ®513um The 10 Pwell 52z may conprise

i ndium w th peak dopant concentration between 5E17/cnB8 to 5E18/cn8,
preferably 3E18/cnt The gate 104d is preferably nmade thinner as
descri betcabbve. dreds taitvmer(Pesinrdbkertlmnithecgave 1041 15Asaeiisties

one of t e thickness |i ations descri bed above with respect
T nnero DaFBocPr oo bt & tiior: Uess PHOTE T Kk CRHeORs: SRR RY PR nned

accor difig. { 0,,00¢ ];trrvi) e, feLhods, deseri hed ahoye. for gabe t i pning, Wile

certain exenplar odi nen een ed an shown 1'nthe

acconpanyi agsgoawdigsl oht itset @thesundebstoed t hah sugh xenmbogi rept s are
merely illustrative of and not restrictive on the broad invention, and that
thi § i nvieati onceotPdea LA tée I et speeiftic cohstr Gétlitons anday,
arrangenents shown a 2 crib si nce varj ous Hher nDdlflfations may

d,
occar {GL HGSESd QI H JNERTTIbA 1% FHESAr Ol WD L1 ter B8
2011/ 04@?17%59/1%%%1%924%9 ol Mo Yhat rﬁa’sm??éf" dis Jily &y pLyel array

of an image sensor ‘supported by a substrate o irst conductivity type,
conpri simg: r3ghfd rist pixekeconf imus edatendet getxal bl uavliirgﬁtth@nd
magenta color filter as color filter 114a) may be formed

10 similar to the manner of the pixel on the left in Figure
2, 1n addition to having an additional photodetector
below the second region 102a and an additional transfer
gate to transfer charges from this additional
photodetector.

15 Figure 8 shows an alternate embodiment modified from
the embodiment shown in Figure 2. The bottom portion of a
second region 102b of Figure 2 is modified for a red
pixel or a green pixel or a yellow pixel by extending the
second region 102b under a Pwell 52z of a transistor

20 having a gate 104d above the second region 102b and the
Pwell 52z. The transistor 1s not a transfer transistor
117 and may be one of the reset switches 112 and the
select switches 114 and the output transistors 116. The
lower light guide 316 of the pixel overlaps the gate 104d

25 of the transistor to transmit light through the gate 104d
and the Pwell 52z to the second region 102b.

The Pwell 52z may extend from a top interface of the

substrate 106 below the gate electrode 104d to a depth of
less than 0.8um if the color filter 114b is a red color
30 filter, more preferably less than 0.45um, or to a depth

of less than O0.bum if the color filter 114b transmits 1is



4a second pixel, the second pixel conprises: 5a photodetector that

conpri ses a second region of 6 a second conductivity type in the substrate;
7a first wegoom4es7it he first conductivity type 8 being wertiBmab/bhsp7above the
second region and under a top 9 interX¥ace of the substrate; 10a first drain
of a first transistor, the first 11 drain abutting the first region; 12a
first gate of the first transistor, the first 13 gate being vertically
above thegfeest candsetohtieregitons; va4aofi rstl@ol 6k LiEt,ermotrde first col or
filter being 15 a red color filter or a %reen color filter or a yellow 16
col or fereérragad, dgasftrhsen 10 .ghtlgui déhet Kedtilhso L] Pytl lguide beiPrg 18

5822}83%%3&%%%ﬁ%§%¥&ﬁ%§2;%§WV££é{%%Q? Md§ntf§%g£SEU§§¥ SH%% as
ones found in the I/0 cells in the periphery of the image
5 sensor 10 or row decoder 20 or in ADC 24. The shallower
depth for Pwell 52z reduces a vertical distance that
light travels within the Pwell 52z. The Pwell 52z may
be a retrograde well having peak doping concentration
between 0.lum to 0.2um of depth, preferably 0.13um. The
10 Pwell 52z may comprise indium with peak dopant
concentration between 5E17/cm’ to 5E18/cm’, preferably
3E18/cm’.
The gate 104d is preferably made thinner as described
above. It is further desirable that the gate 104d
15 satisfies one of the thickness limitations described
above with respect to the thinner gate. It is also
further desirable that the gate 104d is thinned according
to one of the methods described above for gate thinning.
While certain exemplary embodiments have been
20 described and shown in the accompanying drawings, 1t 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
25 described, since various other modifications may occur to

those ordinarily skilled in the art.



28 19 to the second region via the first gate and the first 20 region.
12. The pixel array of claiml1, wherein the first 2 transistor is a sel ect
swi tch orwea3a8573wi tch or an 3 output transistor. 13. Phe/ipitmebs4ara ay of
claiml, wherein the first 2 transistXdr is a transfer gate. 14.The pixel
array of claim1l1, wherein the first 2 |light guide uses total internal
reflection at its sidewalls 3 to prevent the light fromexiting laterally.
15. The pi xel array of claim1l, wherein the first gate 2 has a thickness
bet ween 200 Angstronms and 1, 000 Angstrons. 36. The pixel array of claim1,
wherein the first gate 4 has a thickness between 300 Angstrons and 700
Angstrons. 57.The pixel array of claiml, wherein the first gate 6 has a
t hi ckness within 500 +/- 50 Angstrons.

CLATIMS

What is claimed is:

1 1. A pixel array of an image sensor supported by a

2 substrate of a first conductivity type, comprising:

3 a first pixel configured to detect a blue light; and,
4 a second pixel, the second pixel comprises:
5 a photodetector that comprises a second region of

6 a second conductivity type in the substrate;

7 a first region of the first conductivity type

8 being vertically above the second region and under a top
9 interface of the substrate;

10 a first drain of a first transistor, the first
11 drain abutting the first region;

12 a first gate of the first transistor, the first
13 gate being vertically above the first and second regions;
14 a first color filter, the first color filter being
15 a red color filter or a green color filter or a yellow

16 color filter; and,

17 a first light guide, the first light guide being

18 configured to transmit a light from the first color filter



WO 2011/ 048571PCT/ 1B2010/ 054779 29 18. The pi xel array of claim1, wherein
the first gate 2 is thinner than a gate of a transistor in an ADCin the 3
i mge semnsonroiil@ssime pi xel array of claiml1, the first pCcraB2i@oesnprising:
3a second color filter, the second col8or filter being a 4 blue color filter
or a magenta color filter; and, 5a second |ight guide configured to
transmt a light 6 fromthe second color filter to the substrate nostly 7
wi t hout passing through a gate of a transistor. 110. The pixel array of
claim1l, wherein the first 2 region is not deeper than 0.8umin the
substrate where the 3 first color filter is a red color filter, and is not
deeper 4 than 0.5umin the substrate if the first color filter is a

19 to the second region via the first gate and the first

20 region.

| 2. The pixel array of claim 1, wherein the first
2 transistor 1s a select switch or a reset switch or an

3 output transistor.

| 3. The pixel array of claim 1, wherein the first

2 transistor is a transfer gate.

| 4. The pixel array of claim 1, wherein the first
2 light guide uses total internal reflection at its sidewalls

3 to prevent the light from exiting laterally.

| 5. The pixel array of claim 1, wherein the first gate

2 has a thickness between 200 Angstroms and 1,000 Angstroms.

3 6. The pixel array of claim 1, wherein the first gate

4 has a thickness between 300 Angstroms and 700 Angstroms.

5 7. The pixel array of claim 1, wherein the first gate

6 has a thickness within 500 +/- 50 Angstroms.



5 green color filter or a yellow color filter. 1

WO 2011/048571 PCT/IB2010/054779
29

| 8. The pixel array of claim 1, wherein the first gate
2 is thinner than a gate of a transistor in an ADC in the

3 1image sensor.

| 9. The pixel array of claim 1, the first pixel

2 comprising:

3 a second color filter, the second color filter being a
4 Dblue color filter or a magenta color filter; and,

5 a second light guide configured to transmit a light

6 from the second color filter to the substrate mostly

7 without passing through a gate of a transistor.

| 10. The pixel array of claim 1, wherein the first

2 region 1s not deeper than 0.8um in the substrate where the
3 first color filter is a red color filter, and is not deeper
4 than 0.5um in the substrate if the first color filter is a

5 green color filter or a yellow color filter.



