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CMOS pi xel 10 having a photodiode 14 in a substrate 12 as. a

phot oconversi on device. The pixel 10 includes a transfer transistor gate
16, which, with the photodiode 14 and a floating diffusion region 24, forns
a transfer transistor. Al so incl ' et 1 WD 2007/008552

PCT/ US2006/ 026278 Bﬁ&iggggﬂﬂﬁﬁ

Field of the Invention

[0001]  The invention relates to imager technology. In particular, the invention
relates to imager devices having a pixel with a transfer transistor gate configured

to mitigate dark current generation.

Description of the Related Art

[0002]  Exemplary CMOS imaging circuits, processing steps thereof, and
detailed descriptions of the functions of various CMOS elements of an imaging
circuit are described, for example, in U.S. Patent No. 6,140,630, U.S. Patent No.
6,376,868, U.S. Patent No. 6,310,366, U.S. Patent Nq. 6,326,652, U.S. Patent No.
6,204,524, and U.S. Patent No. 6,333,205, each assigned to Micron Technology,
Inc. The disclosures of the forgoing patents are hereby incorporated by reference
in their entirety.

[0003] FIG. 1 illustrates a top-down view of a conventional CMOS pixel 10
having a photodiode 14 in a substrate 12 as.a photoconversion device. The pixel
10 includes a transfer transistor gate 16, which, with the photodiode 14 and a

floating diffusion region 24, forms a transfer transistor. Also included is a reset



transi stor gate 18, which gates a reset voltage (Vaa) applied to an active
area 26 to floating,diffusion region 24 so that the floating diffusion

regi on 24vd Sshesssa’he phot odi ode 14 nmay al so be reset phgfishRbtheie reset,
transi stor gate 18 and transfer transistor gate 16 are turned on. Also

included is a source follower transistor gate 20, which is electrically
coupled 25 to the floating diffusion region 24 and which is part of a
source follower transistor forned by active area 26, which is connected to

{Fant ot oy ot B3R 18, SRR S U TR ROPLELSY ol bl i B 87 o

of a row select transistor, which connects active area 28 and active area
30, whi cHloating diffestoredegion 2o thatethe dloating diffusionadiion 24wesetsxdhe [ 00041 As
is shown in FIG 1, in the conventional pixel 10, the transfer transistor

gate 16 spans .t he photodi.ode 14. The pixel's 10 actiyve regions, .which
et ude THRORAIRRELReT RSO b Goset BAenRoth Eh TSP RARUSI0E Gathits SR8 act i ve
areas 26, 28, and 30, are surrounded by a shallow trench isolation (STI)

regi on 40za¥fer GankiSforigad® 36 fe firABE bA! NisPRiBud&] B Siiffee RSNRREL t he
phot odi ode 14, it overltaps the edges of the STl region 40. This overlap can

result in the production of dark current, which is undesjirable in imager
devi ces. tsansigtorgrte 20 ydsich inelertmically covpled| 28ttodhe dloakingdiffusiopitegign sensor)
pi xel having a photoconversion device and transistor structures, wherein a
transter 34 anshithioh is Igart of a source follower transistor formed by active area 26,

which is connected to voltage source (Vaa), and an active area 28 associated with a

row select transistor gate 22. The row select transistor gate 22 is operated as part

of a row select transistor, which connects active area 28 and active area 30, which

is connected to the pixel output for reading the pixel.

[0004]  AsisshowninFIG. 1, in the conventional pixel 10, the transfer

transistor gate 16 spans the photodiode 14. The pixel’s 10 active regions, which

include the photodiode 14, the floating diffusion region 24, and active areas 26,

28, and 30, are surrounded By a shallow trench isolation (STT) region 40. Where

the transfer transistor gate 16 extends beyond the photodiode 14, it overlaps the

edges of the STI region 40. This overlap can result in the production of dark

current, which is undesirable in imager devices.

. SUMMARY.

[0005] The invention relates to an imager (image sensor) pixel having a

photoconversion device and transistor structures, wherein a transfer transistor



WD 2007/ 008552 PCT/ US2006/ 026278 gate of the pixel is configured so as not
to overI ap the edge of proximate shallow trench isolation (STl) regions or
ot her Oa% tures (e.g., LOCOS). An optional p-pypgsiofddts i n the
substrate al ong t e border region between the transfer transistor gate and
the STI region can be used to linit charge transfer to underneath (as
opposed to along the sides of) the transfer transistor gate. [0006] These
and other features of the invention will be better understood fromthe

accomang i ar sk e colfkeBeadiriot o R SNSRI |

t op- down vi ew of a conventional CMOS pixel cell. [0008] FIG 2 shows a CMOS
pi xel cektenich isolattord(Bidpregiohs anotheb imblationt features (egi ROEOEPNAN[ 0009] FI Gs.
3 -9 show stages of fabr| catlon of an exanple of a CMOS pixel «cell an

o e AP 1o WP B e Dol bk Border kBl Bhy R Ty out

utilizing pixels in accordance with the invention. [0011] FIG 11 shows a

CM3S pi X edangfl tranBisteicgatd andahwiSi régior ehe Bk iRad t6 limit BRArpsarifer 3

underneath (as opposed to along the sides of) the transfer transistor gate.
[0006] These and other features of the invention will be better understood
from the following detailed description, which is provided in connection with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]1 FIG. 1is a top-down view of a conventional CMOS pixel cell.

[0008]  FIG. 2 shows a CMOS pixel cell in accordance with an embodiment of
the invention.

[0009] FIGs. 3 -9 show stages of fabrication of an example of a CMOS pixel
cell an accordance with the invention, as shown by FIG. 2, through lines a-a’, b-b’,
c-¢’, and d-d’ of FIG. 2.

[0010]  FIG. 10 shows an exemplary imager lay-out utilizing pixels in
accordance with the invention.

[0011]  FIG. 11 shows a CMOS pixel cell in accordance with an embodiment of

the invenuon.



WO 2007/ 008552 PCT/ US2006/ 026278 [0012] FIG 12 shows a processor system

I ncorporati ng at |l east one inmager constructed in accordance with an

enbodi mept i nvention. DETAI LED DESCRI PTI ON [ 001 hi s

i nvent i ol O PT’OOBgszdescrl bed in terms of certain exenpl i‘lry%éﬁ&gé*%%m S,

ot her enbodi nents will be apparent to those of ordinary skill in the art
and are within the scope of this invention. Accordingly, the scope of the
invention is defined only by reference to the appended clains. [0014] The
term"substrate” or "wafer," used interchangeably in the follow ng

descri pti[@012Jray FIGc12 deowasy propessot syitera incorporatingat ledstihe iuigenot
limted, to a semnm conductor substrate. A sem conductor substrate should be
understood to ude si |con on- |ns at,or si | con on-sapphire (S0S),
doped an&%g‘%‘ﬁ@ﬂi%ﬁ‘:@ Vit %MQF’%‘@@VW QR4 i con supported by a
base sem conductor foundati on, and ot her sem conductor structures; however,
materi als other than sem conductors can be used as well so long as they are
suitable to support an integrated circuit. Wen reference is made to a

substrate or wafer in the f @PrpPAMNEDISESCRIPTPON Pr evi ous process steps may
have been wutilized to formifegrons or junctrons 1n or over a base

sem condygpea] or ,Alﬂﬁwgi@ﬂwﬁweh%ﬁ%ﬂmeaés%ﬁﬁbdmaﬁﬁs bfede@fain bRerfipl
photo-el enment unit cell containing a photoconversion device and SSOCIated

transi stors  fQr converting el ectronagnetic
embodiments, other embodiments will be apparent to those of ordinary skill in

the art and are within the scope of this invention. Accordingly, the scope of the
invention is defined only by reference to the appended claims.

[0014] The term “substrate” or “wafer,” used interchangeably in the
following description, may include any supporting structure including, but not
limited, to a semiconductor substrate. A semiconductor substrate should be
understood to include silicon-on-insulator (SOI), silicon-on-sapphire (SOS),
doped and undoped semiconductors, epitaxial layers of silicon supported by a
base semiconductor foundation, and other semiconductor structures; however,
materials other than semiconductors can be used as well so long as they are
suitable to support an integrated circuit. When reference is made to a substrate
or wafer in the following description, previous process steps may have been
utilized to form regions or junctions in or over a base semiconductor or
foundation.

[0015]  The term “pixel” refers to a photo-element unit cell containing a

photoconversion device and associated transistors for converting electromagnetic



4 WD 20071008552 PCT/ US2006/ 026278 radiation to an electrical signal. The
pi xel s di scussed herein are illustrated and described as 4T (4 transistors)
pi xel ci ReyhdoSobdasz t he sake of exanple only. It shoul dppgdhsehskaed t hat
the invention is not limted to a four transistor (4T) pixel, but nay be
used with other pixel arrangenents having fewer (e.g., 3T) or nore (e.g.
5T) than four transistors. Although the invention is described herein wth
reference to the architecture and fabrication of one or a |limted nunber of
pi xel s, i teod .t s DS 41 r tati. lurality
of pi xel sl‘acgigﬂ%g? ?gle?éﬁﬁ%%lm t:e! g?[ % gngé%dilsgugasgai@ag%rﬁgr rlgsﬁ%]tg@iaﬁ pi xel s
arranged, for exanple, in rows and columms. In addition, although the

I nvent i ondescribeslcas 4B @ trarsistors)i pikelrdixicaite fmrethesake pf ¥gample odyCHOS | mager
the invention has applicability to other solid state inmagi ng devi ces having
pi xels (e.g. CCD.or. ofjher solid state i er). The follow n etailed
descri pti gﬁoqlgl%e[mqi%qsmqﬁ BW(SFI'S‘? B“’eﬁgo?ﬁ(’éﬂt%t&bltf’ ﬁ'ihfgpﬁgfaég\%@%‘rg)]d t he
scope of the present invention is defined only by the appended cl ai ns.
[0016] Tthaem,\tgftthy b¥idskd Aeith B%lé%ijﬂkél'aﬁ‘% dht$ R&@i&g@w& ge.g.b 8T) or
acconpanying figures wherein |ike reference nunbers are use onsistently
for 1like features throughout the drawings. FIG 2 shows an exenplary CMOS
pi xel 1001918 (&ge &) Share faun nansisterss cAlithewgh Bie invention dndessnibedhereinxel 100
is fabricated in and over a sem conductor substrate 102. The pixel 100 can

be with reference to the architecture and fabrication of one or a limited number of

pixels, it should be understood that this is representative of a plurality of pixels
as typically would be arranged in an imager array having pixels arranged, for
example, in rows and columns. In addition, although the invention is described
below with reference to a pixel for a CMOS imager, the invention has
applicability to other solid state imaging devices having pixels (e.g., a CCD or
other solid state imager). The following detailed description is, therefore, not to
be taken in a limiting sense, and the scope of the present invention is defined only
by the appended claims.

[0016] The invention will now be explained with reference to the
accompanying figures wherein like reference numbers are used consistently for
like features throughout the drawings. FIG. 2 shows an exemplary CMOS pixel
100 in accordance with an embodiment of the invention. The pixel 100 is
fabricated in and over a semiconductor substrate 102. The pixel 100 can be

isolated from other like pixels of an array by shallow trench isolation region(s)



I sol ated fromother |ike pixels of an array by shallow trench isol ation
region(s) 5 WD 2007/008552 PCTI US2006/ 026278 (STlI) 136 (or another simlar
i sol ati le4e, such as LOCOS), which surrounds t ,ﬁ%!' ea of the
pi xel 1gg]da@gsﬂig\%$. The pixel 100 of this enbodi nent i{‘ﬁa béé‘%?gs, meani ng
that the pixel's circuitry includes four transistors for operation;

however, as indicated above, the invention is not |imted to 4T pi xels.
[0017] Still referring to FIG 2, the pixel 100 has a phot odi ode 104 as a
phot ocon i skexd : j @&h},ﬂﬁ,' ' spbstrate 102 by
form ng ?(g/‘%rlgg(dopecg:ﬁ%%;?g%\dgqﬁlgegﬁyl ng eé?ﬁ??ﬁggéﬁqu’g\gug?scussed bel ow
in further detail with reference to FIGs. 3 - 9. O her types of

phot oconwuarrsiumds the attiesaneayofithe pixed 168 anshowne The pixeldi@ftofghise. A transfer
transistor is associated wth the photodi ode 104. The transfer transistor

I ncl udes anst er - 106 fi,au . . r. ress. a channel
regi on bgﬁ&g’a te%lglsp%ﬁ %&e@d@e%g @ﬁg&% élﬁ%@&ﬁlﬁ%ﬁg‘?fﬁ%ﬁ%ﬁﬁ%gl on 114. The
transfer gate 106 is configured so that it does not overlap the edge(s) of
the STl tegisivielstdr dgération; hoWewvei, 26 indicatediabatvey the invéhtion &omdti gurati on
mtigates dark current in the pixel 100. An n-type (mnus) inplant in the

substrate (e.g., Jnplant 138, FIG 4) directs charge generated at the
phot odi og@“ﬁfgt‘?@i’%’—?ﬁ-ransfer gate 106. If desired, an optional p-type

i nplant 139 can be provided al ong the border region between the STI 136
edge and§d¥]  Still referring to FIG. 2, the pixel 100 has a photodiode 104 as a

photoconversion device. The photodiode 104 is formed in the substrate 102 by
forming layered doped regions of varying depths, as will be discussed below in
further detail with reference to FIGs, 3 - 9. Other types of photoconversion
devices may be used' as well, e.g., a photogate. A transfer transistor is associated
with the photodiode 104. The transfer transistor includes a transfer gate 106
configured to gate charge across a channel region between the photodiode 104
and a floating diffusion region 114. The transfer gate 106 is configured so that it
does not overlap the edge(s) of the STI regions(s) 136 (or other isolation feature).
This configuration mitigates dark current in the pixel 100. An n-type (minus)
implant in the substrate (e.g., implant 138, FIG. 4) directs charge generated at the
photodiode 104 to the transfer gate 106. If desired, an optional p-type implant
139 can be provided along the border region between the STI 136 edge and the
transfer gate 106 to further limit charge transfer to the channel region 115 (FIG. 7)

underneath the gate 106.



transfer gate 106 to further limt charge transfer to the channel region 115
(FIG 7) wunderneath the gate 106. 6 WD 2007/ 008552 PCT/ US2006/ 026278

[0018] TReo 8do9@édsep diffusion region 114 is el ectrical | pcpRRARELRITS
(connection 131) to a gate 110 of a source follower transistor. The source

follower transistor is electrically connected to a row select gate 112,
configured to output a read signal fromthe pixel 100 at conductor 134. A
reset transistor having a reset gate 108 electrically connected with a

vol tage s ( eppk ;{?@g | | | g%ﬁll;%} ' i ffusion
regi on 11&103§fer rea%%u ) f‘ggfg‘?ﬁ) ?‘g%é‘gfsﬂg&@jéﬂnﬁ , eci%%%%arﬁd 134 to
upper layer netallization |ayers are provided for these active regions,

i . e., sould3y/tdmgate 11@of assudcedolldwer trangidtorf Mhetsongcatfdifonsdrdransigonis 114,
and gate structures 106, 108, 110, 112, typically as conductive pl ugs,

whi ch may e, t ungsten, ti,taniu r other. . conductive nmgterials, Conjact 130
connect s %%‘FF@@% coanpgefldQar Og‘}a§ege°f ﬁ?tc]ec #c%a ﬁﬂngg'il@ﬁ t0 upug g fpad PlﬁB‘ﬁ{ 131.
Contact 132 connects a voltage source (Va.) to source/drain region 116.

Cont act 1%n€&[€}t§&b1510(ﬁ@tdccﬁidh%t5rtl'3¥. W iddet RenSkioR HavirtPh vt gh 08" €gi on 120
of the row select transistor. [0020] The pixel 100 operates das a standard

CMOS i mager pixel. The photodi ode 104 generates charge at a p-n junction
(FIG 8) ¢ieenicslly cornpctediwiiih a voltage sauragde gonbe)is providedfor teaettingtheat t he
phot odi ode 104 is gated to the

floating diffusion region 114 after readout.

[0019] Contacts 122, 124, 126, 128, 130, 132 and 134 to upper layer

metallization layers are provided for these active regions, i.e., source/drain

regions 116, 118, 120, floating diffusion region 114, and gate structures 106, 108,

110, 112, typically as conductive plugs, which may be tungsten, titanium, or other

conductive materials. Contact 130 connects with source follower gate 110 though

electrical connection 131. Contact 132 connects a voltage source (Vaa) to

source/drain region 116. Contact 134 connects read circuitry with the output

source/drain region 120 of the row select transistor.

[0020]  The pixel 100 operates as a standard CMOS imager pixel. The

photodiode 104 generates charge at a p-n junction (FIG. 8) when struck by light.

The charge generated and accumulated at the photodiode 104 is gated to the

floating diffusion region 114 by turning on the transfer gate 106. The charge at

the floating diffusion region 114 is converted to a pixel output voltage signal by

the source follower transistor, including gate 110 (connected to floating diffusion



floating diffusion region 114 by turning on the transfer gate 106. The
charge at the floating diffusion region 114 is converted to a pixel output

vol t age @i@nabodeesz t he source fol l ower transistor, inclpdi/gSe0éb:27810
(connected to floating diffusion 7 W 2007/008552 PCT/ US2006/ 026278 regi on

114 at contact 130), through source/drain region 118 and this output signal
Is gated by row sel ect gate 112 to source/drain region 120 and is output at
contact 134 to read circuitry (not shown). After the signal is read out of

the pi xelref{ih 114h8 cohei@t30pHeroli8 spided/dRin regiof A8 aHIBHEPOu Rt Bipinavat ed to

connect a voltage source at contact 132 to the floating diffusion region
114 and phot odi ode 104 to reset the xel 100. [00211 FIGs. 3 - 9 show

cross sedsgatest Ry rew selest gated 1240 §ﬁ@me/drﬁmegw@ &% and ds putputat sgatachf
fabrication. The flgur es generally show sequential steps, which my be

maybe usert P egie REes: b PhoWle ffer o8 SEhatls BaTloLt BFfle PRQCRIF B St ebe

provi ded. The substrate 102 region is typically silicon, though other
sem conduesetrgats i and tessfargabe 106 emh bfacivated by comnsrs amﬂtagé@@ui'cse dtor med
over another substrate region 101, which can have a different dopant

Cubst rat dongt 12 RO anshEE ifiion 2Sbigh 110 fed photoS0d AT R iy si 1 con

substrate region 101. [0022] Shallow trench isolation (STI) is perforned to
form STI Iﬁggimo,s 136,

[0021]  FIGs. 3 -9 show cross sections of a pixel 100 as shown in FIG. 2 at
various stages of fabrication. The figures generally show sequential steps, which
may be utilized to form a pixel 100; however, other or additional processing steps
may be used also. Now referring to FIG. 3, a substrate region 102 is provided.
The substrate 102 region is typically silicon, though other semiconductor
substrates can be used. Preferably, substrate 102 is formed over another
substrate region 101, which can have a different dopant concentration from the
overlying region 102. In such an embodiment, substrate region 102 can be grown
as an epi-layer over a supporting silicon substrate region 101.

[0022]  Shallow trench isolation (STI) is performed to form STI regions 136,
which are typically an oxide and serve to electrically isolate individual pixels,
including pixel 100, from one other. STI processing is well known in the art and
standard processing techniques may be used. A region 137 of the substrate 102

under the STI trench may be doped to improve electrical isolation.



which are typically an oxide and serve to electrically isolate individual

pi xel's, including pixel 100, fromone other. STI processing is well known
in the amo andoogssandard processing techni ques may be ug 137 of
the substrate 102 wunder the STI trench may be doped to ??}%]rsgoyéﬁelz"e)égtrl cal

i sol ation. 8 WD 2007/ 008552 PCT/ US2006/ 026278 [0023] Over the substrate,
the transfer gate 106, reset gate 108, source follower gate 110, and row
select gate 112 are forned. These gates nay be fabricated by formng a gate
oxi de 107 r strate 10 ndu | ayer over th ate

oxi de 10A90Kfl < FveREh SESHpee dhi arietanis 106 aodb gate (98 SoREpdpliand The
gate oxide 107 is typically silicon dioxide, but nmay be other naterials as
wel | The SO MUY GinldvidW 866t é&@ll?aﬁé’ﬂrﬁr’éﬁ' rHiae edtdachiy beifgiicat&Ubymay be

ot her conductlve material s as well. The insulatl ng | ayer 111 is t¥p| caIIy a
nitride or TECS (tetraeth I orth05|llcate oxi de), but may be ot her

i nsul at i fgURIng? gatesoxide 10 over thessubsirates102, @wnqlugtlvghyex 189 oxewthgat t er ned
with a photoresist mask and etched to | eave gate stacks as shown in FIG 3.

As discu I as not to
ver | ap. Bl Gy, S8 ohiAfaRhe 1B Sbat tidnd vy d 07 188, O €
shows the wafer cross-section shown in FIG 3 at a subsequent stage of
fabri cat igate oRidetid7ds eppisallymsitikor dioiide, Hutmmeybe véhert thateridisas wel. 102 to
protect the region that will become the photodi ode 104 whil e exposing the

subst r at eI‘lr;leoczo Y urc];:l%%?ay& 1% 1g%p1calpy doped polysilicon, but may be other

conductive materials as well. The insulating layer 111 is typically a nitride or
TEOS (tetraethyl orthosilicate oxide), but may be other insulating materials as
well. These layers 107, 109, and 111, are patterned with a photoresist mask and
etched to leave gate stacks as shown in FIG. 3. As discussed above, the transfer
transistor gate 106 is formed so as not to overlap the STI region 136.

[0024]  Now referring to FIG. 4, this figure shows the wafer cross-section
shown in FIG. 3 at a subsequent stage of fabrication. A photoresist mask 142 is
formed over the substrate 102 to protect the region that will become the
photodiode 104 while exposing the substrate 102 surfaces proximate the
transistor gates 106, 108, 110, and 112. A p-type dopant 138, e.g., boron, is
implanted into the substrate 102 to form a p-well 140 therein.

[0025]  Now referring to FIG. 5, which shows a subsequent stage of processing
with the water shown through cross-sections c-¢” and d-d” of FIG. 2. After

forming the p-well 140 (FIG. 4), the photoresist mask 142 is removed and



transi stor gates 106, 108, 110, and 112. A p-type dopant 138, e.g., boron,
Is inplanted into the substrate 102 to forma p-well 140 therein. [0025]

Now r ef eng¢ G 5, which shows a subsequent stage C ing with
t he wat erwg%govéwogﬁﬁg?ough cross-sections c-c¢' and d-d of E%@%&“&?%@g

formng the p-well 140 (FIG 4), the photoresist nmask 142 is renoved and 9
WO 2007/ 008552 PCT/ US2006/ 026278 photoresi st mask 143 is applied, which
exposes the substrate at |east at the border region between the STl region

136 and t st [ = ' : .on,
i ant ecP Ty s 1878 b Headph g Spaoss ekl ol hage e boRBe°C . ©

serve to further limt charge transfer to underneath (as opposed to along
t he si desregion béteveenathefSH regionsi3stand the tmnsfs tramsistbe gatenitlée tRetypevi ce.
[0026] Now referring to FIG 6, which again shows the wafer through cross-

sections a-a,.and b, -b', at.a S nt stage,of .fabrj jon. After formn
She oo o8 148 K barrt 2% sfianged Hufciin hEGRs ResioBs 164 ThBngilnSs o7 M N
phot oresi st mask 140 (FIG 4) or 143 (FIG 5) is renoved and anot her

phot or esi gpticres outdchnl sert@ taTRE thaVRhitichgrde thghdfed uh &8irRAtP{astdpposedst r at e
102 to expose the surface of the substrate 102 where the photodiode 104

will be fornmed (FIG. 2). An n-type dopant 146, e.g., phosphorus, is

i npl ant edtoi Hewng thsidgs of) the drargbertnsister gatedQein 1&‘?—1 eompleted dexireangl e

thereto as shown) to forman n-type doped region 148. This n-type region

148 wi Il foBsén @ NRKIErARRETY'FE. 8 WARK G Hlow S thPRREAMEGEh cross-
sections a-a’ and b-b’, at a subsequent stage of fabrication. After forming the p-
well 140, or after forming implant regions 139 if desired, photoresist mask 140
(FIG. 4) or 143 (FIG. 5) is removed and another photoresist mask 144 is formed
over the p-well 140 region of the substrate 102 to expose the surface of the
substrate 102 where the photodiode 104 will be formed (FIG. 2). Ann-type
dopant 146, e.g., phosphorus, is implanted into the substrate 102 (directly
there-into and at an angle thereto as shown) to form an n-type doped region 148.
This n-type region 148 will form a charge accumulation portion of the photodiode
102 (FIG. 2). |
[0027]  Now referring to FIG. 7, this figure shows the wafer cross-section
shown in FIG. 6 at a subsequent stage of fabrication. After removing photoresist
144 (FIG. 6), another photoresist mask 150 is formed to protect the photodiode

104 region of the substrate 102 and expose the p-well region 140. An n-type

dopant 152, e.g., phosphorus or arsenic, is implanted into the substrate 102 to

10



102 (FIG 2). [0027] Now referring to FIG 7, this figure shows the wafer
cross-section shown in FIG 6 at a subsequent stage of fabrication. After

renovi ”9\1{9(15'9@9/06‘1{;5%2“ 144 (FIG 6), another photoresi st pgRgi20bee2629 f or ned
to protect the photodiode 104 region of the substrate 102 and expose the

p-wel |l region 140. An n-type dopant 152, e.g., phosphorus or arsenic, is
i npl anted into the substrate 102 to 10 WD 2007/ 008552 PCT/ US2006/ 026278
formactive areas proxinmate the gates 106, 108, 110, and 112, including the

The. dopand T eof ar Ge 2 0ny A e gARATOR ALY, PR B0% ictBeinge PO ate 102

so the doped regions extend under the gates. Under the gates (106, 108,
110, and Htingatiffukienwegion 1 aolisaekcdidaain regipns i 6( 118 ant1120. dihé 120) and
phot odi ode (104) are the channel regions 115. [0028] Now referring to FIG

Cubs oquenidUHABS ERBIEIN? A sn beARgIosh it epat W st pibegate 0 ba e oy e

and an insul ating spacer |ayer 154 is fornmed over the substrate 102 and

gates 106,doPd regis exfhdldrderliiR dated) Bhdaaheneey (108YH08, 190 @ ips f or med
of TECS or "other simlar dielectric materials.” Over the insulating spacer

| ayer 152 and the p-well 140 anot her photoresist mask 156 is forned; the
phot odi odénddetwesn thesoyrsgidsainoregions (S%sklﬂamd 120) and pheptasiade @04) t ype
dopant 158, e.g., boron, is
are the channel regions 115.
[0028]  Now referring to FIG. 8, this figure shows the wafer cross-section
shown in FIG. 7 at a subsequent stage of fabrication. The photoresist 150 (FIG. 7)
is removed and an ihsulating spacer layer 154 is fc‘)rr;led over the substrate 102
and gates 106, 108, 110, and 112. The insulating spacer layer 154 cén be formed of
TEOS or other similar dielectric materials. Over the insulating spacer layer 152
and the p-well 140 another photoresist mask 156 is formed; the photodiode 104
(FIG.2) region of the substrate 102 is exposed. A p-type dopant 158, e.g., boron, is
implanted into the substrate 102 to form a p-type regidn 160 at the substrate 102
surface above the n-type region 148 of the photodiode 104. This creates a p-n
junction for photo-charge generation.
[0029]  FIG. 9 shows the wafer cross-sections shown in FIG. 8 at a subsequent
stage of fabrication. After completing the photodiode 104, the photoresist 156

(FIG. 8) is removed. A thick insulating layer 162 is formed over the substrate 102,

including the photodiode 104 and gates 106, 108, 110, and 112. This layer 162
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I npl anted into the substrate 102 to forma p-type region 160 at the
substrate 102 surface above the n-type region 148 of the phot odi ode 104.

Thi s creawap2097/P08352 j unction for photo-charge generati onpct/@9%9%0khis ©
shows the wafer cross-sections shown in FIG 8 at a subsequent stage of

fabrication. After conpleting the photodi ode 104, the photoresist 156 (FIG
8) is renoved. A thick insulating |ayer 162 is forned over the substrate
102, including the photodi ode 104 and gates 106, 108, 110, and 112. This

over 152 M0 A0SO R RO o BT Bk |57

(bor o- phospho-silicate glass) or another suitable material. The insulating
llayer 162 BBS@|(borw-pheshhpsiticateaithys) by ahdihet shitableahateeiahaThe tsubating hi ng)
and patterned for etching, e.g., wth photoresist (not shown). [0030] Still

referring o FIG. 9, vias 164 are forned through.the. insulati, ayer 162

and ot her ]iaﬁ?’é{l&éﬁim@n @%@Fﬁﬂy%@@&%&%lw@@mb%g# é%‘ir 111,

etc.) by controlled etching (preferably by RIE dry etching as is known in

the art) Saudneaser HATEORAICMHPHAIREsL ABiSholtg. gat es 106, 108, 110, and
e subst

112 and to expose th ate 102 surface at the floating diffusion
region 114 and sou 8%0ns.116, 118, and 120. The vias 164 are

rce/drain re
filled w ti§030k on&titirefesringsodi{aP, vies 164 arecfommed: through theinsulging 28, 130,

132, and 134 (not all contacts shown in FIG 2 are necessarily in the
oL oo S BRI By B A T el B 8 AR B ELE
etc.) by controlled etching (preferably by RIE dry etching as is known in the art)
to expose the conductive layer 109 of the gates 106, 108, 110, and 112 and to
expose the substrate 102 surface at the floating diffusion regién 114 and
source/drain regions 116, 118, and 120. The vias 164 are filled with a conductive
material to form contacts 122, 124, 126, 128, 130, 132, and 134 (not all contacts
shown in FIG. 2 are necessérily in the cross-sections shown in FIG. 9), preferably
by a sputtering or chemical vapor deposition (CVD) technique, althoﬁgh other
“techniques can be used. The conductive material is preferably tungsten or
titanium, which can be annealed to form a silicide. The conductive material is
next planarized by CMP, using the insulating layer 162 as a stop to leave a wafer
cross-section as shown in FIG. 9. This may be followed by standard metallization
layer énd interconnect line formation (not shown).
[0031]]  An alternative embodiment of the invention 1s shown in FIG. 10. While

the same basic fabrication steps and techniques discussed above in relation to
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techni ques can be used. The conductive material is preferably tungsten or
titanium which can be annealed to forma silicide. The conductive materi al

is next woap@doged by CMP, using the insulating |ayer Med/@Sodo3tRp tO
| eave a wafer cross-section as shown in FIG 9. This may be foll owed by

standard netallization |ayer and interconnect line formation (not shown).
[0031] An alternative enbodi nent of the invention is showmn in FIG 10. Wile
t he sane basic fabrication steps and techni ques di scussed above in relation

to 12 WO BAGYL00B&ERLERTLR2RRA ARGAXS J00CefiRed b dtfed Rnepddvipif Or m t he
pi xel 200 (defined by dotter[-line) shown in FlI 10, the features and

el ements of the.pixel 200 are conf idgured_differently.vm'th respect to each
ot her wheHlG i theteatures pad elemantseit thepixel 200 ateenrdigured differentlg witho shows
t he pixel 200 configuration in an array of |ike pixels. [0032] In FIG 10,

D15, wi th SPRe o sarn oifte when Fohdhod Yo BRTRRIREOP e il G, 2 I o

an array of simlarly arranged pixels. Each pixel 200, 300, and 400 has an
i ndi vi duall0 phows thepel 20Qconfifiotatidh dd an 20¢hyodf IjkepixeB00. The sharing of
circuitry makes for a nuch nore dense imager array. In this enbodi nent, the

e ohown [0BE: GIRFIC. 3peCR stank Be S RN DogBonERis e, 5% Can bo

provi ded between the STl regions 236 and the transfer gate 206.
208, 210, 212, with other adjacent pixels, e.g., 300, 400, and 500, which are part of
an array of similarly arranged pixels. Each pixel 200, 300, and 400 has an
individual photodiode; e.g., photodiode 204 of pixel 200. The sharing of circuitry
makes for a much more dehse imager array. In this embodiment, the transfer
gate 206 is again configured so as not to overlap STI regions 236. As shown in
FIG. 10, optionally, implant regions 239 of p-type ions can be provided between
the STI regions 236 and the transfer gate 206.
[0033]  Preferably, the transfer gate 206 is angled with respect to the
photodiode 204, as shown in FIG. 10. Here, the term “angled” means that a
portion of the transfer gate 206 is positioned across a corner of the photodiode
204 as opposed to across its length or width, as discussed above in relation to the
embodiment shown in FIG. 2. This preferred angled geometry of the transfer
gate 206 allows for an efficient layout of the transfer gate 206. In add{ﬁon, this

angled layout is also beneficial in maximizing the fill factor of the pixel 200 by

maximizing the area of the photodiode 204.
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[0033] Preferably, the transfer gate 206 is angled with respect to the

phot odi ode 204, as shown in FIG 10. Here, the term "angled" neans that a
portion ofotdierdogsyast er gate 206 is positioned across a g@QindoodthelBe

phot odi ode 204 as opposed to across its length or width, as discussed above
in relation to the enbodinent shown in FIG 2. This preferred angl ed
geonetry of the transfer gate 206 allows for an efficient |ayout of the
transfer gate 206. In addition, this angled |ayout is also beneficial in

maxi m zin fi factor. of .the pixel b imzing th r f the
phot odi odgm%@. 1%@%&%@2‘%‘7@%@%%é&éyq‘ﬁég%ceﬁ‘ﬁ@ﬁe@%@ni ng

pi xel conponents are shared by the adjacent pixels 200 and 400. These
conponent satidd0(l dEhédeccobhpuridntgirdidde thedto: | diffuidich repioe R14,36hicAs as a
common storage node for the pixels 200 and 400. A reset gate 208 is |ocated
proximate the floating diffusion region 214, A source/drain reqiqn 216 is

| ocat ed onseﬁ"%se%%ﬂo@%&@ atpr{lgﬂ;nqati%g}r tgﬁi’@‘%@%%é& 'eAt’f?ée‘m%ﬁ&pﬁbs
diffusion region 214 and is capable of receiving a supply voltage (V. The
floating WihfelSioRithse B Rhfink i 197921 A ¥oGRANEGHSE fediBn G jSOUT CE
foll oner gate 2?0 (cgﬁntgc%ﬁnﬁotﬁgﬁ%\?n%%g%i%h é\ég 1fataésourciej‘?%rlgtitzn 5538 The
source fol lower transistor having gate 210 outputs a voltage output signal
from t he flogatedran a dedongsiide of thy wesetogate 208 pppositethedleating diffssien or havi ng

gate 212. The row select transistor gate 212 has a source/drain 220

adj acent  t ook Gt 914 Ma F8lpable’St reckiSAHY 2 %upply voltage (V). The floating

diffusion region 214 is also electrically connected to the source follower gate 210
(connection not shown), which has a source/drain 218. The source follower
transistor having gate 210 outputs a voltage output éignal from the floating
diffusion region 214 to the row select transistor having gate 212. The row select
transistor gate 212 has a source/drain 220 adjacent thereto for selectively reading
out the pixel signal to a column line (not shown). In addition, a capacitor 238 is
electrically connected (not shown) to the floating diffusion region 214. The
capacitor 238 can increase the charge storage cépacity of the floating diffusion
region 214. The transistor gates 206, 208, 210, and 212, floating diffusion region
214, and source/drain regions 216, 218, and 220, have contacts 222, 224, 226, 228,
230, 232, and 234, respectively thereto.

[0035]  FIG. 11 illustrates an exemplary imager 700 that may utilize any
embodiment of the invention. The imager 700 has a pixel array 705 comprising

pixels constructed as described above with respect to, e.g., FIGs. 2 and 10, or
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out the pixel signal to a colum line (not shown). In addition, a capacitor
238 is electrically connected (not shown) to the floating diffusion region

214. The ¢ap006bdseéz 238 can increase the charge storage gap@siohdjoZebrst he
floating diffusion region 214. The transistor gates 206, 208, 210, and 212,

floating diffusion region 214, and source/drain regions 216, 218, and 220,
have contacts 222, 224, 226, 228, 230, 232, and 234, respectively thereto.
[0035] FIG 11 illustrates an exenplary imager 700 that may utilize any

enmbodi mentusiig biteeripinenirtRitectd® WithiGhe 666pdafitR iRv¥RtioAr Raw iflss &@npri si ng
pi xel s construct ed "as descri bed above wth respect .to, e.g., PIG. 2 and 10,

or 14 WO 2007/,008552 PCT/ US2006/ 026278 usi ng ot her pixel _architectures
Wi thin thée BﬁelyOacttvraéed hy anovodriveild inrespense togemeaddrass gegederny20ed by a

row driver 710 in response to row address decoder 720. A colum driver 760

and col u mgg @Qﬂﬁﬁﬁﬂrﬂfe BIGE aﬁrﬁgs(?' &&bﬁg?ﬁ 0 Brd ng ui.}cg%&@d \%ﬁ%} The

i mager 700 is operate e timng and control crrcul

controls the address decoders 720, 770. The control circuit 750 al so

control s tivegeoX0@nThe dinager 700 iselpecatedﬂnyttltytﬁ‘nﬁtga?&bccbndTehrdmtﬂeTﬁﬂe with an
enbodi mrent of the invention. [0036] A sanple and hold circuit 761 associ ated

S gnal  Vag ni cobbiolf e At HIE P2 TR EnfRTineeF cB0GEE ) 1 | T
anplifi ed by differential anplifier 762 for each pixel
controls the row and column driver circuitry 710, 760 in accordance with an
embodiment of the invention.
[0036] A sample and hold circuit 761 associated with the column driver 760
reads a pixel reset signal Vst and a pixel image signal Vsig for selected pixels. A
differential signal (V:s-Vsig) is amplified by differential amplifier 762 for each pixel
and is digitized by analog-to-digital converter 775 (ADC). The analog-to-digital
converter 775 supplies the digitized pixel signals to an image processor 780 which
forms a digital image. The image processor 780 may also determine the gain
setting of the imager 700, which can be used to set the level of the voltage applied
to the pixels transfer gates.
[0037] FIG.12showsa system 1000, a typical processor system modified to
include an imaging device 1008 (such as an imager 700 as shown in FIG. 11 with
pixels 100 or 200 as illustrated in FIGs. 2 and 10) of the invention. The processor

system 1000 is exemplary of a system having digital circuits that could include

image sensor devices. Without being limiting, such a system could include a
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and is digitized by analog-to-digital converter 775 (ADC). The

anal og-to-digital converter 775 supplies the digitized pixel signals to an
| mage pr ogAsI@H/008362 Which fornms a digital inmage. The | npgpuRiGEsRSA 780
may al so determne the gain setting of the imager 700, which can be used to
set the level of the voltage applied to the pixels transfer gates. [0037]
FIG 12 shows a system 1000, a typical processor systemnodified to include
an i magi ng device 1008 (such as an inager 700 as shown in PIG 11 with

pi xel s 100 1l 1 yst i . Of i i gn. The
processor c@%gﬁ%%s?gﬁg{,icgﬂggkgﬂg;g sgdfr%r,sxég?@%e ﬁ%?ﬁg"%‘ﬁgluetﬂa]‘ﬁ\(’%ﬁr%i ts that
could include inmage sensor devices. Wthout being limting, such a system
coul d i ncl vidieophbhe)fZeillan?e 3Fsenhatlitd K506 SySiafiv str teanken sgsteny shetion caner a
system scanner, machine vision, vehicle navigation, video phone, '
surveillange system auto focus,system star tracker system notion -

det ect i on SSSEURR SY B IBpas FAPIAAROR Sy5Eny AdaRIA SAMPTesngh SESEBh 205kt em
and other systens enpl oying an imager. [0038] System 1000, for exanple a
camera Sys@tﬁ@i‘ﬂﬁ@ﬁl@%ﬂglo?ﬂ?ﬁﬁﬁﬁﬁ &. central processing unit (CPU) 1002,
such as a m croprocessor, "that co nicates wth an input/output (I1/0

devi ce 1006 over a bus 1020. |nmagi ng device 1008 al so comunicates with the
CPU 1002 ol¥888k he System 0000, fohexamplesscammenssystensyaanenally compzisedai ncl udes
random access nenory (RAM 1004, and can i ncl ude

central processing unit (CPU) 1002, such as a microprocessor, that communicates

with an input/output (I/O) .device 1006 over a bus 1020. Imaging device 1008 also
communicates with the CPU 1002 over the bus 1020. The processor-based system
1000 also includes random access memory (RAM)1004, and can include
removable memory 1014, such as flash memory, which also communicate with
the CPU 1002 over the bus 1020. The imaging device 1008 may be combined with
a processor, such as a CPU, digital signal processor, or microprocessor, with or
without memory storage on a single integrated circuit or on a different chip than
the processor.

[0039]  Various embodiments of the invention have been described above.
Although this invention has been described with reference to these specific
embodiments, the descriptions are intended to be illustrative of the invention and
are not intended to be limiting. Various modifications and applications may occur
to those skilled in the art without departing from the spirit and scope of the

invention as defined in the appended claims.
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renmovabl e nmenory 1014, such as flash nmenory, which also conmunicate with

the CPU 1002 over the bus 1020. The inmagi ng device 1008 nay be conbined with
a process s a CPU, digital signal processor, or,n sor

wth or &qwgﬁ@gﬁémry storage on a single integrated cﬁ&éﬁ%ﬁa’g@g%ﬁ a
different chip than the processor. [0039] Various enbodi nents of the

i nvention have been descri bed above. Although this invention has been
described with reference to these specific enbodinents, the descriptions
are intended to be illustrative of the invention and are not intended to be
limting. [9840lous What is iclpimed as newvand grughi te ba prewegteddesuletterspatantis agki | | ed
in the art without departing fromthe spirit and scope of the invention as
defi ned iqbng%.appended clainms. 16 WD 2007/ 008552 PCT/ US20061026278 [ 0040]
What is clained as new and sought to be protected by letters patent is as
follows: 17 CLALIMS 1. An inmager pixel, conprising: a substrate; a

phot oconversi on device; a circuit configured to receive charge fromthe

phot oconver si on devi ce and out put a vol tage
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representative of the charge, the circuit conprising a transfer transistor
gate; and an isolation region in the substrate surrounding the
phot oconversion device and the circuit, the transfer transistor gate being
configured so as not to overlap any part of the isolation region. 2. The
i mger pixel of claiml1, further conprising inplant regions in the substrate
between the transfer transistor gate and the isolation region. 3. The i mager
pi xel of claim 1, wherein the isolation region is a shallow trench isolation
region. 4. The inmager pixel of claim1, wherein the circuit further
conprises a reset transistor, a source follower transistor, and a row
select transistor. 5. The imager pix§g€§§£§Iain1l, wherein at | east a part
of the circuit is shared with an ad pi xel . 6. The imager pixel of
claim1l, mhqrein %n%mggpﬁgﬁquer%upn device is a photodiode. 7. A CMOS
i mger device, conprising’ a 6H5¥b§iode in a substrate; a charge storage
region in the gubsprate; a transfer gate configured to gate charge between
t he phot odi &f¥ Ut he charge storage region; 18 a reset gate configured to
reset the charge storage region; a source follower gate configured to
recei ve charghotocemiersien daviiege storage region; a row sel ect gate configured
to couple the source follower gate to an output line; and

a circuit configured to receive charge from the photoconversion device and output a voltage

representative of the charge, the circuit comprising a transfer transistor gate; and

an isolation region in the substrate surrounding the photoconversion device and the circuit,
the transfer transistor gate being configured so as not to overlap any part of the isolation region.

2. The imager pixel of claim 1, further comprising implant regions in the substrate
between the transfer transistor gate and the isolation region.

3. The imager pixel of claim 1, wherein the isolation region is a shallow trench isolation
region.

4. The imager pixel of claim 1, wherein the circuit further comprises a reset transistor, a

source follower transistor, and a row select transistor.

5. The imager pixel of claim 1, wherein at least a part of the circuit is shared with an
adjacent pixel.
6. The imager pixel of claim 1, wherein the photoconversion device is a photodiode.

7. A CMOS imager device, comprising:

a photodiode in a substrate;

a charge storage region in the substrate;

a transfer gate configured to gate charge between the photodiode and the charge storage

region;
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a shallow trench isolation region surroundi ng the photodi ode, the transfer
gate, the reset gate, the source follower gate, and the row sel ect gate,
wherein the transfer gate is further configured so as not to overlap any
part of the shallow trench isolation region. 8 The CMOS i mager device of
claim?7, further conprising inplant regions in the substrate between the
transfer transistor gate and the isolation region. 9. The CMOS i nager device
of claim8, wherein the inplant regions conprise a p-type dopant. 10. The
CMOS i mager device of claim7, wherein at |east one of the reset gate,
source follower gate, row select gate, and charge storage region is shared

with an ad'acentﬁgix?l. é}. The qg%? inager device of claim7, wherein the
transfer gAf®e RGHIIgEeHitd FFsridineieree $8a8ee 8ot odi ode. 12. A processor
system conprising: a processor and an inmager coupled to the processor, the
i mager conPFPWrhpTlgwengatagondiguredity eqceive gharse fipmdhe chapgs StypgRyregignsubst rat e; a
phot oconversion device; a circuit configured to receive charge fromthe
phot oconven séw seleit ghte sonfighreditomotpla theodotzeg dollavegn igets o amputpat lofe; aide char ge,
the circuit conprising a transfer transistor gate; and 19 an isolation
region in bkkalbubsdnchiselsion regividsunguidieg fleghotodivdethe aanste\datethameket he
circuit, the transfer transistor gate being configured so as not to overlap
any pahte, @€ séuie: foHowad §8d) ah@tHe@Bw select gate, wherein the transfer gate is further
configured so as not to overlap any part of the shallow trench isolation region.
8.  The CMOS imager device of claim 7, further comprising implant regions in the
substrate between the transfer transistor gate and the isolation region.
9. The CMOS imager device of claim 8§, wherein the implant regions comprise a p-type
dopant.
10. ~ The CMOS imager device of claim 7, wherein at least one of the reset gate, source
follower gate, row select gate, and charge storage region is shared with an adjacent pixel.
11.  The CMOS imager device of claim 7, wherein the transfer gate is angled with respect
to the photodiode.
12. A processor system, comprising:
a processor and an imager coupled to the processor, the imager comprising an array of
pixels, each pixel comprising:
a substrate;
a photoconversion device;

a circuit configured to receive charge from the photoconversion device and output a voltage

representative of the charge, the circuit comprising a transfer transistor gate; and
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13. The processor systemof claim 12, further conprising inplant regions in
the substrate between the transfer transistor gate and the isolation
region. 14. The processor systemof claim 12, wherein the isolation region
is a shallow trench isolation region. 15. The processor systemof claim 12,
wherein the circuit further conprises a reset transistor, a source follower
transistor, and a row select transistor. 16. The processor system of claim
12, wherein at least a part of the circuit is shared with an adjacent

pi xel. 17. A method of form ng an imager pixel, conprising: providing a
substrate; formng an isolation region in the substrate; formng a

phot oconversi on_device in the substrate and bei ng bordered by the iso|ation
regi on; and?2RSPHRIAY regian inihg wbskate putnding 3&@0&%%{%%3%@ PHSESHer si 0N
device, the transfer transistor gate being configured so as to not overlap
t he i séhadftanster fraufisier gategheimpronfigunigd do af nat tapyarlap anypast ef the isetatige regén. f or i ng
an isolation region conprises formng a shallow trench isolation region.

19. The net hdd ofthep@micessdrisysteonrdfleéaimdanfurtheni cogiprismgsmelanodegions m thesubsipatant
regions in the substrate and between the transfer transistor gate and the

i sol at ibefiveer eQransfaPtrafistorpatermt adisslhtich rogioh 17, further conprising the step

of formng a reset transistor, a

14.  The processor system of claim 12, wherein the isolation region is a shallow trench
isolation region.

15.  The processor system of claim 12, wherein the circuit further comprises a reset
transistor, a source follower transistor, and a row select transistor.

16.  The processor system of claim 12, wherein at least a part of the circuit is shared with
an adjacent pixel.

17. A method of forming an imager pixel, comprising:

providing a substrate;

forming an isolation region in the substrate;

forming a photoconversion device in the substrate and being bordered by the isolation
region; and

forming a transfer transistor gate proximate the photoconversion device, the transfer
transistor gate being configured so as to not overlap the isolation region.

18.  The method of claim 17, wherein the act of forming an isolation region comprises
forming a shallow trench isolation region.

19.  The method of claim 17, further comprising the step of forming implant regions in

the substrate and between the transfer transistor gate and the isolation region.
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source follower transistor, and a row sel ect transistor proxinmate the

phot oconversi on device. 21. The nethod of claim 20, further conprising the
step of form ng a second photoconversion device that shares at | east one of
the reset transistor, source follower transistor, and row select

transistor. 22. The nethod of claim 17, wherein the photoconversion device
is a photodiode. 23. A nethod of mtigating dark current in a CMOS i mager

pi xel , conprising: providing a photodiode in a substrate; formng a shall ow
trench isolation region to electrically isolate the CMOS i nmager pixel from
ot her pixels; providing a transfer transistor gate over the substrate, the

transf er ”?63.9 STRd l%l%%)g oP&h‘I&Q 7, Cfﬂx@ﬁ r%&hﬁﬁs1§%th@%¥ o‘f’ﬂﬁfrﬁ%{ Fﬁ%’%l‘nta Sistor, a

phot odi ode an ou CIrCUI , suc oes 'not

overla an art of Ihe shall ow trench jsolation_.region; and form ng a doped
Fegi on SPHICY fROWEHEINSSIOE B&Qﬁx@wﬁeﬁté@wammmaﬁawgP DGR RY g hal | ow

trench |solat|on region, the dqged regi on bei ng conflgured to limt charge
transfer frdm t hEhe BaGedafl elain 26, fumhps comprising R steprof foravag assspndjat e. 24. The
met hod of claim 23, further conprising formng a reset transistor, a source
f ol | owehotpecaveisionaleyicatint shareswt lest@ne of thamesestransispr coireatiellaves tohwistorn it e
and transfer transistor gate. 25. The nethod of claim24, further
conpr i sowgeléadimhdigora second phot odi ode that shares at | east one of the reset
transistor, source follower transistor, and row select transistor. 21
22.  The method of claim 17, wherein the photoconversion device is a photodiode.
23. A method of mitigating dark current in a CMOS imager pixel, comprising:
providing a photodiode in a substrate;
forming a shallow trench isolation region to electrically isolate the CMOS imager pixel from
other pixels;
providing a transfer transistor gate over the substrate, the transfer transistor gate being
configured to gate charge from the photodiode to an output circuit, and being formed such that it
does not overlap any part of the shallow trench isolation region; and
forming a doped region in the substrate between the transfer transistor gate and the shallow
trench isolation region, the doped region being configured to limit charge transfer from the
photodiode to under the transfer transistor gate.
24.  The method of claim 23, further comprising forming a reset transistor, a source
follower transistor, and a row select transistor proximate the photodiode and transfer transistor gate.

25.  The method of claim 24, further comprising forming a second photodiode that shares

at least one of the reset transistor, source follower transistor, and row select transistor.
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