ANGLED PI NNED PHOTQODI ODE FORHI GH QUANTUM EFFI CI ENCYAND
METHOD OF FORMATI ON FI ELD OF THE | NVENTI ON [ 0001] The
wonesasd7onvention relates to the field of PCT/US2004/022752

sem conduct or devices and, in particular, to inproved
phot odi odes for high quantum efficiency. BACKGROUNDOF

THE | NVENTI ON [ 0002] The sem conductor industry

currently uses different types of seni conductor-based

i magers, such as charge coupl ed devices (CCDs),

phot odi ode arrays, charge injection devices and hybrid

focal plane ANGLED PINNEY PEIGTANIONE FIRUTEGH
the i nher ent I i m t ati ons and expense of CCD

t echnol GBS B‘fﬁ%
as | ow |mag| ng eV| ces. wm%ger cCircurt %ION

includes a focal plane array of pixel cells, each one
of the cells including either a photodi ode, a

phot ogate or a phot oggidy "fr51§mnﬁ91@cﬁ@ped region

of a substrate for accunuﬁg?f%g phot o- gener at ed charge

i n the[oowlEr | yi nThehrésefnindEndidieraditestd alecficld\of eafRUhductor
circuit is connected to each pixel cell and includes a
char ge t deiefsendsincpartoulin torgupmyed phosediedesfios high quantum
adjacent he phot odi ode, photogate or photoconduct or
havi ng a®df&Pge sensing node, typically a floating

di ffusi on node, connected to the gate of a source

foll ower output transistor. The inmger nmay include at

| east one transistor for transferring charge fromthe
charge accunul ati on region of the substrate to the

floating diffusiBACKGROANNDROIOTEEE INVENEBIGNoOT f or
resetting the diffusion node to a predeterm ned charge
| evel prior to charge transfer.
FOOOZ] The semiconductor industry currently uses different types of
semiconductor-based imagers, such as charge coupled devices
(CCDs), photodiode arrays, charge injection devices and hybrid focal

plane arrays, among others.

[0003] Because of the inherent limitations and expense of CCD
technology, CMOS imagers have been increasingly used as low cost
imaging devices. A CMOS imager circuit includes a focal plane array
of pixel cells, each one of the cells including either a photodiode, a
photogate or a photoconductor overlying a doped region of a substrate
for accumulating photo-generated charge in the underlying portion of

~ the substrate. A readout circuit is connected to each pixel cell and
includes a charge transfer section formed on the substrate adjacent the
photodiode, photogate or photoconductor having a charge sensing
node, typically a floating diffusion node, connected to the gate of a
source follower output transistor. The imager may include at least one
transistor for transferring charge from the charge accumulation region

of the substrate to the floating diffusion node and also has a transistor

1 .



[0004] In a conventional CMOS i mager, the active

el ements of a pixel cell performthe necessary
wouoistoisare of : (1) photon to charge conver si onpPCt/2)52004/022752

accumul ati on of image charge; (3) transfer of charge

to the floating diffusion node acconpani ed by charge

anplification; (4) resetting the floating diffusion

node to a known state before the transfer of charge to

it; (5) Iectlon Lxel Y d

out put ar Spre B RER el €l BRURK BB ety Lovel prior
pi xel chapQYBarctNeazh@r ge at the floating di ffu3| on

node is conve%ed to a pixel output voltage by the

source follower output transistor. The photosensitive
el enent{0004h CMVOSnianmgwenpond ICVMOS iypiges| thy ectiveeelements of a

depl d hot odi od f duced
dopl ot o i ghbReteme sbeneccoH: Dgstions phoOdIPIBEURER Shyree
CMOS | magi,n ergllohc )tasccﬁluYEo&\ﬁmqgg @h&rgg gﬁscf{ds%g '0#Rarge to

of the func i ons’ various

I magi ng ghé @Bhiin@ HBRERECAORELcomPanRd hargd dmplifeation; (4
Pat ent No. 6, 204§1524 t o Rhodes, ﬁ% S. gg’?entgl\b ish ®)

6, 310, 36ﬁe$wh&1d[he&oaaulgacﬂ1ffuand nods to Ranemtn dtate before the

6, 326, 652 to Rh des, the scl osure ch

i ncor por &fa@gfepp F]é‘%ré?é‘héte Mcﬁgn[cg@%’}eﬂ(l’%’@ﬁ tma&d (6)
top view r

ex g npl ary %ER}&&‘S en s@% %’gldg%sﬁq{a% Iég%%@}s?{iﬁg %Exf #?hargf, 1 The

10 is il |cusdgeal eHe ﬂﬁatﬁi ditRisibn misdel it cMﬂl\ldrteﬂetodae[S&éll dgfut
bel ow, the sensor p| xel cell 10 includes

phot o- gerveltagety thrasqyecatntlomer atntmy transiatazl Tht plrotosensitive

underlyln ortlon he substrate. is area, 2
formed agies p ﬁ%é Jargrd P 1s @Hﬁaﬁy F‘n‘ihf‘rf@géﬁpietéap ‘n

f d
28r n$hea ?xgcﬁfe E‘-l l%lho £ gg)lcfg (fg Isfgcrlif %&Hcgd\ﬁ'ebﬁ'ugnqegﬁﬁ%eﬁ%& a

photogate.

[0005] Exemplary CMOS imaging circuits as well as detailed
descriptions of the functions of various CMOS elements of an imaging
circuit are described, for example, in U.S. Patent No. 6,204,524 to
Rhodes, U.S. Patent No. 6,310,366 to Rhodes et al. and U.S. Patent
No. 6,326,652 to Rhodes, the disclosures of which are incorporated by

reference herein.

[0006] A schematic top view of a semiconductor wafer fragment of
an exemplary CMOS sensor pixel four-transistor (4T) cell 10 is
illustrated in Figure 1. As it will be described below, the CMOS sensor
pixel cell 10 includes a photo-generated charge accumulating area 21
in an underlying portion of the substrate. This area 21 is formed as a
pinned photodiode 11, shown in Figure 2, formed as part of a p-n-p
structure within a substrate 20. The pinned photodiode is termed

“pinned” because the potential in the photodiode is pinned to a
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"pi nned" because the potential in the photodiode is

pi nned to aconstant val ue when the photodiode is folly
wdeplsgigdo It shoul d be understood, however, that/ushm4/022752

CMCS sensor pixel cell 10 may include a photogate,

phot oconduct or or other image to charge converting

device, in lieu of a pinned photodiode, as the initia

accurul ati ng area 21 for photo-generated charge.

[ 0007] The irage senso 0y Fi has

{ranet er arensie FepIHE Phorricle P fererdl Bshould be
charges qeRRIAbSE holvdvRe BRAHICRICISEBHsSE piRel fefidl (Phhay include
to a floating diffusion region (sensing node) 25. The

f1 oat i ng dplidtogatenphewicond@For er dthet bpagcwncecgedonvertng
r trapsistor. The source

gate 50 of a source follo ] ; .

fol | ower devigssinshicy of pAnadebato QA% @ the ipital apgugulagpg area
sel ect a §S£H nsistor having gate 60 for

sel ectiv?@od O%gf:ﬂ%raeﬁit 3% gnal to termnal 32. A
reset transistor having gate 40 resets the floating

di f f usi[@OY$gi on g CMOSIRAEE bdrRdr LORE TaydrevdehashatarsRr gate
each charge transfer fromthe charge accumul ati ng

regi on 2130 fdyae8ikfeniieg pharoglectisrdnrgestgengrateshinothe Zhaigs
formed as a pi pned phot odi ode_ 11 which has a p-type
| ayer 24 2RHIHAPSACHOR g siop el (sddsing mode)

20. The pjgn FoleHeol Lacl i,_yigl.

regi ons , gge gﬁgéu?%e n-%]to)}/l ]prgé%&o%)gggisﬁé{ e rée%r%{%gteﬁ%to a gate 50
whi ch i s dful donreteplisivedrahsidoR The Beure@ FdlRGeer thamgidfdriprovides
doped source/drain regions 22 (Figure 1), preferably

havi ng n-anypepoobsigndttow toy sekce agaesp/irgstbtemhayinggate 60 for

side of the transistor, gates 40, 50, 60. The floating.
G 1 usi orfeleGyan EEna Hetaumi hRbalgp enarl S & St sistor

50,1165l B, FRPAG R A0e R0008 0 e

various phatgdieaddetire el shageudeder frtvcthefcharge accumulating

example, rlcgion 21.

[0008] The charge accumulating region 21 is formed as a pinned

photodiode 11 which has a p-type layer 24, an n-type region 26 and
the p-type substrate 20. The pinned photodiode 11 includes two p-
type regions 20, 24 and the n-type photodiode region 26 which is fully
depleted at a pinning voltage. Impurity doped source/drain regions
22 (Figure 1), preferably having n-type conductivity, are provided on
either side of the transistor gates 40, 50, 60. The floating diffusion
region 25 adjacent the transfer gate 30 is also preferable n-type.
Exemplary pinned photodiodes as well as detailed description of the
functions of various photodiode elements are described, for example, in
U.S. Patent No. 6,320,617 to Gee et al., U.S. Patent No. 6,306,676
to Stevens et al., and U.S. Patent No. 5,903,021 to Lee et al., among

others.



U S. Patent No. 6,320,617 to Gee et al., U S. Patent
No. 6,306,676 to Stevens et al., and U S. Patent No.

w6 203818824 to Lee et al., anong others.[0009] PCgwse002/022752
also illustrates trench isolation regions 15 forned in
the active |layer 20 adjacent the charge accumnul ati ng
region 21. The trench isolation regions 15 are
typi cal | yformed using a conventional STI process or by

{rancl 0000 or 1 FARERSr U IRt Beht T PEbLoRGBE RS 18 dormed
over the M8, dive¥8es 205 Aacd the RhiR dchhmwtaﬁg%gi%ﬂ 21.

Figure 2. Conventi onal processing nmethods are use 0

form foThexaahdsoleton acgisns3D5 rféi typicallylforinedtusing a
insul ating layer 55 to provide an el ctr%gaj . .
connect i 6anyesitiomal SBLprasessarn by vy adocalOxidagon of Silicon

connect (HOSEORL BRGS0 R Bebiye Gl Sy iSParthe pR¥elif taver 55
i mage s e@%ﬁe@@ver%fﬁ@ C%C@Wg@'skﬂsoﬂl@ iEMSE il isREeed in Figure 2.

sensors such as the i mge sensor cell 10 of
Fi gur es Gdhventiohad gmocdssigimahodesreaised to fors,tfor example,

collect in region 26. A maxinmm outpyt signal, whjch )
i's produéentasts 3hFige bensthe SRS a8 55 Or DR erfg clectrical
gate 50, is proportianal t h

gate 50, PRI Pl SR RS e HRRbE 0l
signal i pEsigA9BS aiil bthdRFikiBaS8¢onheattb PAtdap@dchthaN&shnections

)

or acceptability of the region 26 to acquire
el ect r onsn tHh€MOSdtmaga sempadDt y of pi nned phot odi odes
typi cal | ydepends on the doping |evel of the inage

sensor and 1he dgpants inpl d into the activ

aver [PBEAE] i el SHGAROS Granf ferisry figh ¥ e CMOS

phot odi o IS d 358 I q

Fabr i cat JORCS BAPR:caf Fast Ao 2 R AIRRE gy lpgrons o

| eakage icBllédten eEAHHL6C A hekihom e@puosigddl, ehidhhie produced by

pi nned phot odi ode . .
the source follower transistor having gate 50, is proportional to the
number of electrons to be extracted from the region 26. The
maximum output signal increases with increased electron capacitance
or acceptability of the region 26 to acquire electrons. The electron

capacity of pinned photodiodes typically depends on the doping level

of the image sensor and the dopants implanted into the active layer.

[0011] Minimizing dark current in the photodiode is important in
CMOS image sensor fabrication. Dark current is generally attributed
to leakage in the charge collection region 21 of the pinned photodiode
11, which is strongly dependent on the doping implantation conditions
of the CMOS image sensor. High dopant concentrations in electrical
connection region 23 (Figure 2) typically increase dark current. In
addition, defects and trap sites inside or near the photodiode depletion
region strongly influence the magnitude of dark current generated.

Dark current is a result of current generated from trap sites inside or
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11, which is strongly dependent on the doping

i npl antation conditions of the CMOS i mage sensor. High
wdapEi3xzoencentrations in el ectrical connecti ORCTASRMA022752
23 (Figure 2) typicallyincrease dark current. In

addition, defects and trap sites inside or near the
phot odi ode depl etion region strongly influence the

magni tude of dark current generated. Dark current is a

or noar ¢ RS b R0 abr etP bR B Bt IRt B Eine

tunnel i n%ddkfé&“cﬁ&i&%%ﬁéﬁﬁpﬁ%@erékﬁﬂtodﬂ_ﬁgh Fel®B3H the @épletion
high fields in the depletion region; junction | eakage

com ng f regiohfjentdse iakagd deniaglfrah thé btghbdideidbef the
and | eakage fromisol ation corners, for exanple,
stress i phattodgiqngrlegkage Sost salatign sernsss. for oxmmple stress

common ptobl em associ at.ed ,wi.th the pi nned phot odi ode
11 of Fi Lbceg]ai‘lgstfaf?easél?tggtq’%c “dark current as a
result of gate-induced drain |eakage (G DL) in

transf epopf e ovey &&ﬁﬂo%%@Ble%?ag&E&iQﬂéﬁ%@i thelpiined photodiode
transfer gate overlap region 27 is under gate 30 and

pernmts ad efllgtrci 2&lthe oreagon iob datkeduneran as hecsultt gfigate-induced

phot odi ode .depl eti on_region 26 and the diffusig ode
55, As adruleakas (GHALY inHapds it @V%lﬁ@rqegm%%ﬁﬁgu@ﬁ)-

= | ) I 99 ol .
i e PR ORRE 206k 27is BRUENH a0ty an
charge f eReidAEcEHIRCA6H BdBveeh thB@Rtybt photddibly depletion region

depl eted. [0013] CMOS i magers al so typicallysuffer
f r om pooR26singrthk diffusion sede 2bi ds aansilpobthedyarsfir gate overlap

. .of the i ility.to.full |1 t ... ]
;ﬁgggt gf’é%l%ﬁ% @eé)trrrf@gﬁ*'ana ISEIB"PPF/é’é?fé’HUHOﬁgI% ; OFE%P Srithin this
26. Sinc . i i i i i .
ooy S meRedilif yHiGF offlcnd B, Al XEne BFUTdEaIOR @¥BhdBdiode 11

regi on 2gHenhaelisGally dyplefedt ons, the signal to noise
rati o and dynam c range of the pixel should be as high

2 poss[(i)(t)J { ?)e ] CMOS imagers also typically suffer from poor signal to
noise ratios and poor dynamic range as a result of the inability to fully
collect and store the electric charge collected in the region 26. Since
the size of the pixel electrical signal is very small due to the collection
of electrons in the region 26 produced by photons, the signal to noise

ratio and dynamic range of the pixel should be as high as possible.

[0014] There is needed, therefore, an improved active pixel
photosensor for use in a CMOS imager that exhibits reduced dark
current and reduces the undesirable barrier potential occurring in an
overlap region below a gate structure adjacent a photodiode. A
method of fabricating an active pixel photosensor exhibiting these

improvements is also needed.



[0014] There is needed, therefore, an inproved active

pi xel phot osensor for use in a CMOS i mager that
wexhiswisxzor educed dark current and reduces thePCT/US2004/022752

undesirabl e barrier potential occurring in an overlap

region below a gate structure adjacent a photodi ode. A

nmet hod of fabricating an active pixel photosensor

exhi biting these inprovenents is al so needed. BRI EF

SUMVARYOFTHE | NVENTI ON [ 0015] In one aspect, the

i nvention provides a pinned photodi ode with a pinned

| ayer laterally displaced froman electricallyactive

area of a transBRIERSTMMARY QH TEERINVENTION a
predet erm ned di stance. The pinned layer is in contact

with a charge collection region forned by an angl ed
i nplant. The angle of the charge collection region

8L e o1 B e e e SRR o
o 310 P8l AEIERIEEL A BB A MRk of

pot ent i ah trah§fed BiteloT agpradl ResoasElebY a prédetemnignd idistance. The
provides a nmethod of forming a pinned surface |ayer of

a first pomdddayevistip coppret vhithe gharge eollsssioadrgioa foymed by an
i npl anting desired dgopants i n _area of a.substrate

| ateral | PElrapnaban Porrak withe chrres crlsdion R mRlnt may
of atra hA el SRRRN £8idn htdkts an adjacent
predeterﬁ?%ﬁfr%?%?Q%%éﬁ%g?%gpgd regiong%f a secoﬁéa]mxn
conduct i ¥dge/of thearirsfer gatest thy pael asigbedell mpd anhinkiedsow

and in contact with the laterally displaced pinned ]

| ayer. Ttherefost,the gaspaictlep stsiomand shenadesnplecharyen gotential.
type are inplanted at angl es other than O degrees,

e UGG °0s b Bk R REMIER ALy Ao

and advapiag8s a Pindd¥esdrA¥EMyLOB a first conductivity type of a pinned
photodiode by implanting desired dopants in an area of a substrate
laterally displaced from an electrically active portion of a transfer gate
of a pixel sensor cell by a predetermined distance. A doped region of a
second conductivity type is formed by an angled implant below and in
contact with the laterally displaced pinned layer. The desired dopants
of the second conductivity type are implanted at angles other than 0
degrees, where 0 degrees is defined to be perpendicular to the silicon

substrate.

[0017] These and other features and advantages of the invention
will be more apparent from the following detailed description that is
provided in connection with the accompanying drawings and

illustrated exemplary embodiments of the invention.



will be nore apparent fromthe follow ng detail ed

description that is provided in connection with the
weaceeEpzaTyi ng drawi ngs and il lustrated exenpl aPgT/US2004/022752

enbodi nents of the invention. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0018] Figure 1 is a top plan view of an

exenplary CMOS i nage sensor pixel. [0019] Figure 2 is

a schematic cross-sectional view of the CMOS i mage

sensor of Figure 1 taken along line 2-2 '. [0020]

Figure 3 is a schematic cross-sectional view of a CMOS

i mge sensor pixel illustrating the fabrication of a

pi nned phot odi GITENDICSORIPTIONVO THHE PRISWINGS
invention and at an initial stage of processing.

[0021] Figure 4 is a schematic cross-sectional view of

a CMOS[00EYe senFiguré ddgatop phh vigwof en 8xemnphans CHES amage
processi ng subsequent to that shown in Figure 3.

[ 0022] Fﬁ@ﬁPéngﬁs a top plan view of the CMOS i nage
sensor pixel of Figure 4 . [0023] Figure 6 is a

schemay gy 095- geakt anah ENR!crBss MR IITRES, SEARIMOS

pi xel gur e stage of processing subsequent

to that shewsenborrbfUligeredl t{kefkngliig2a'7 is a
schemati c cross-sectional view of a CMOS i mage sensor

pi xel of Figure 3 at a stage of processing subsequent
to that0@Hbwn i nFEwesds 55316@@%1@@896@@@0@1 vigwgof HMOS

plan view of the Jmage. sensorn pixel of FEi qur .
7. Lo0zs] tpreneasey el ena e ybeltn o el Shosgrtiode
of a CMOG, i iRAGRERAA tHRi pielenPinvEhaYh &nd afhn nibihiR@LreAlt
processi ng subsequent to
processing.
[0021] Figure 4 is a schematic cross-sectional view of a CMOS

image sensor fragment of Figure 3 at a stage of processing subsequent

to that shown in Figure 3.

[0022] Figure 5 is a top plan view of the CMOS image sensor pixel
of Figure 4.

[0023] Figﬁre 6 is a schematic cross-sectional view of a CMOS
image sensor pixel of Figure 3 at a stage of processing subsequent to

that shown in Figure 4.

[0024] Figure 7 is a schematic cross-sectional view of a CMOS
image sensor pixel of Figure 3 at a stage of processing subsequent to

that shown in Figure 6.

[0025] Figure 8 is a top plan view of the CMOS image sensor pixel
of Figure 7.



that shown in Figure 7. [0027] Figure 10 is a

schemati c cross-sectional view of a CMOS i rage sensor
woizp@slo18d70 Fi gure 4 at a stage of processing suBeEmSei/022752

to that shown in Figure 4 and in accordance with

anot her enbodi mrent of the present invention. [0028]

Figure 11 is a schematic cross-sectional view of a

CMCS i mage sensor pixel of Figure 4 at a stage of

D1 0eS 15105 SHHEIL o'00 LBt SOl AEL 11O O

[ 0029] re 1271 i'C cross-sectional view

of a C%ég%ﬁsm&rofmi%&% e Feasd 8f frorbsshgShubeRuuehit to
processi ng subsequent to tThat shown in Figure 11.

[ 0030] FtlguiskowB in FignrePhemati ¢ cross-secti onal view

of a CMOS i mage sensor pixel of Figure 4 at a stage of
processi Q that shown in Figure, 12.

b
F00311 [0 e. 14 1ra LDdye pbsmaicampbreoqi el iatepta CMOS
sensor cell,f ARLLCALALAGERLY 09, 40 AP SIROMITIERbsfuent co

t he present®invention a St'age

simlar HheRB&Wn iR Fidiat 41 dddustacadntdiwithGihoghdr-embodiment of
[0032] Figure 15 is a top plan view of the 3T pixel

sensor cdld pmefenfEiigengion4 at a stage of fabrication
subsequent to that illustrated in Figure 14, and

simlaf. ip,part to that .illystrated in Figure. 8.

L0033 L093F o 16HRie 1L ine aiepiatierbetsResigi g of pGEMOS
of the 3. nj r f . F

e 2. 2dissas i toriine 2 gcd Ao ol AR Aiithont o
that il tdsksbbed ih Fiddrgd0e 15.[0034] Figure Vi
illustrates a schematic diagram of a computer

processor system.incorporating a CMOS i nage sensor
f abri cE®Placcor Higwge 14 it nachsmatisprossrigeienad yiew of a CMOS

image sensor pixel of Figure 4 at a stage of processing subsequent to

that shown in Figure 11.

[0030] Figure 13 is a schematic cross-sectional view of a CMOS
image sensor pixel of Figure 4 at a stage of processing subsequent to

that shown in Figure 12.

[0031] Figure 14 is a top plan view of a 3T pixel sensor cell
fabricated according to an embodiment of the present invention at a

stage of fabrication similar in part to that illustrated in Figure 5.

[0032] Figure 15 is a top plan view of the 3T pixel sensor cell of
Figure 14 at a stage of fabrication subsequent to that illustrated in

Figure 14, and similar in part to that illustrated in Figure 8.

[0033] Figure 16 is a schematic cross-sectional view of the 3T pixel
sensor cell of Figure 14 taken along line 2-2' and at a stage of

fabrication subsequent to that illustrated in Figure 15.



[0035] Figure 18 is a schematic top view of a CCD

i mge sensor at a stage of fabrication simlar to that
wehowv183T0Fi gure 5. [0036] Figure 19 is a scheramius2004/022752

partial view of the CCD i mage sensor of Figure 18 at a

stage of fabrication simlar to that shown in Figure

8. DETAI LEDDESCRI PTI ON OF THE | NVENTI ON [ 0037] In the

followi ng detail ed description, reference is nmade to

Lhe SCGBERY! Oy oG L S LGET . BRLL R e
spec 11 CSRBSATSI Sy AR Gl ACARYOR B R R

suf fi ci eatcodéingito the peiad @vémteae skilled in the art
to practice the invention, and it is to be understood

that other_ enbodi nents may be utjlized, and that, .
struct 1P@33] | ogi Figuradd ivh schematig|top ity eLa fiyD pmage srasor at

wi t hout departi fromthe spirit and scgpe of. the
present f#%%#l BB%@T”#WEOF%¥ OW%APgﬁgmﬁé%
"substrate" are to be understood as a

sem congysd Pr - PagpeFAaYEs h dhehiic kil vidw bE e CCD image
sil'icon-on-1nsulator (SO) or silicon-on-sapphire

(SOS) t estmsol off¥igudoh8 dt ascge of fibeitasemsiotid te tiatshown in
epitaxial_layers of silicon supported by a base

sem condgWE & oundati on, and ot her sem conduct or
structures. Furthernore, when reference is nade to a
"wafer" or "substrate" in the foll ow ng description,
previ ous process steps may have been utilized to form
regions or junctions in or over the base

seni conduct PETATTEDPESCRIPIIGINI OF. THE ENVENTION he
sem conduct or need not be silicon-based, but could be
based on silicon-germani um silicon-oninsul ator,
silicon-on-saphire, germanium or gallium arseni de,

among %8% ]S In the following detailed description, reference is made to
the accompanying drawings which form a part hereof, and in which is
shown by way of illustration specific embodiments in which the
invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be
utilized, and that structural, logical and electrical changes may be made

without departing from the spirit and scope of the present invention.

[0038] The terms “wafer” and “substrate” are to be understood as
a semiconductor-based material including silicon, silicon-on-insulator
(SOI) or silicon-on-sapphire (SOS) technology, doped and undoped
semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures.
Purthermore, when reference is made to a “wafer” or “substrate” in
the following description, previous process steps may have been

utilized to form regions or junctions in or over the base semiconductor
9 .



[0039] The term"pixel" refers to a picture el enent
unit cell containing a photosensor and transistors for
woamsansimg el ectromagnetic radiation to an el ecrisemi/ 022752

signal . For purposes of illustration, a representative
pixel is illustrated in the figures and description
herein and, typically, fabrication of all pixels in an
imager will proceed sinultaneously in a sinmlar

et on Lokl PRSI RN O A RS
nuneral s siJiEbﬁL;l‘)'égc?l),( gﬁﬁﬁ&ﬂa%e' Msf:i? Eh%%%o%\%}éﬁéﬁm,wmﬂ-on_

enbodi ments o sensor ce ure 9)" and

200 (Fi giisalatd, sthiawnog-saphire cgdnranpimnedgfihoncaienitds among
199, 299 with respective pinned surface | ayers 188,

288 | at eoslhdry. di spl aced froman active area of a gate
structure 130 and in contact with respective charge

col | ect} egi o 26, 2265 or.ned by.an_anaql .

ol and 00FRbat) “The P o BES T R Pt g Rl ey set
1 1ustr aksﬁtahﬁngh%%eos%nw And"@MsREoF ESICE LYY t h
reference to Figures 3-9. Figure 3 illustrates a

subst r at elet&Bnakaaic adetoastosectlearniadl signaly Kbr pirposes of
the same view as in Figure 2. For exenplary purposes,
the subsillstiationon fepreseaiative piveLishistsied H!Jéwé%v?s apnd
not ed abagve,. the i nventi,on ha pld -L.Qn; .

ot her se%e%d('i’!*? &}{‘?felgﬁﬁgt E’g y sY’et?%g y |Pgaliﬁ§e&§93$ %%lmager
i1 ustr atgs pteQkakindfltdReuP$n 4 Rniphifsshicd.e for med
within the Substrate 110 and are filled with a
dielectric material, which may be an oxide material,

for exfdPt@ a si RefuringxiosetcstherdrawingsOvberedikelements are
oxynitride, a ni

nitride, dEvpRsH by I i ,}%{3 %:ug}%gﬁgﬁép%% {?}a&gf;}ﬁ Pingirate two

embodi mesteRALGAp St 6 PRHRChRrton 108 (BLALED) & 200

shal | ow {Fgied13 sphviig fRpéae Pisnanshdlodiotice 1091 292 with
respective pinned surface layers 188, 288 laterally displaced from an
active area of a gate structure 130 and in contact with respective charge

collection regions 126, 226 formed by an angled implant.

[0041] The process for making the structures illustrated in Figure 9
will now be described with reference to Figures 3-9. Figure 3
illustrates a substrate 110 along a cross-sectional view which is the same
view as in Figure 2. For exemplary purposes, the substrate 110 is a
silicon substrate. However, as noted above, the invention has equal

application to other semiconductor substrates.

[0042] Figure 3 also illustrates isolation regions 155 which are
formed within the substrate 110 and are filled with a dielectric
material, which may be an oxide material, for example a silicon oxide
such as SiO or SiO,, oxynitride, a nitride material such as silicon

nitride, silicon carbide, a high temperature polymer, or other suitable
10



material is a high density plasma (HDP) oxide, a

materi al which has a high ability to effectivelyfill
woanrspasinenches. Thus, for sinplicity, refereRCEUS2004/022752

the isolation regions 155 will be nmade in this

application as to the shallow trench isolation regions

155. The shallow trench isolation regions 155 have a

dept h of about 1,000 to about 4,000 Angstrons, nore

f bl f .about .2, 000 Angst 00437, A ] ]
P Ust r adbelcqtric p?%eﬁwi& 31% 3 PEFTGHAQ %Pﬁé‘&f‘é‘&] oW oihe isolation
t tack . <Sitl.i .
IS aadiabie 158 bl ipdnlfl il FORPRISAHE dickibrric

oxi de | aygfredals £hight @miirp pladLR(EIDRYosidE] £ aataikil ddichnhas a
the silicon substrate 110, a conductive | ayer 132 of

doped polhjgh hbitigneooffestinady il watrabl werdesiudhing.dor simplicity,
eyt o8 a0 oo sb S b WSk L hoPRteton
S oxi dey e ol b ar} P (ST

1L Lol 1 SRS AT B ABlons e T Bl wench

(ni tri deit regtins ING K% adRptit of dlsoutdx00@yo aBbrer 4,000
first and second insulating |ayers 131, 133 and the
conduct i Viegstapers, 1®2e proferbblyfafabedt ByP08cmgstionenal
deposition nethods, for exanple, chem cal vapor

deposi TPBAS} pECvto BHSRERHERD IBER ros UG AR o ErBtgheae
the enbogkagﬁﬁt?@ fgfm%clf Sva! B8 8coh RYSREHONI W Hihel@ansfer gate
descri be elowwth reference to the transfer gate

st ack 13Qtasktl30uonspribesalitst gpeceride fapembail ofigidven or deposited
sides, it must be understood that the inveati on is nat

limted tsdiconioxidegpthasliton subssrtgildgh ¢ copductvsaysrilgd of

al so cont gnpl,at es..t he formati of a Ky W

i nsul at i P§Flé’é’§ﬁ1l’|cm§ !S’éc%]il%r Sflg?l?}_%é: o%‘ri}g%%vg ﬁ;ilargg“sﬂ ’ \éqfla? ggcond

transf er sgagind ey sihictl ity Sk dsiald of For el TB)iken

formed, for ex n’pYe, of silicon
oxide (silicon dioxide), nitride (silicon nitride), oxynitride (silicon
oxynitride), ON (oxide-nitride), NO (nitride-oxide), or ONO (oxide-
nitride-oxide). The first and second insulating layers 131, 133 and the
conductive layer 132 may be formed by conventional deposition

methods, for example, chemical vapor deposition (CVD) or plasma

enhanced chemical vapor deposition (PECVD), among many others.

[0044] Although the embodiments of the present invention will be
described below with reference to the transfer gate stack 130 without
sidewall spacers formed on its sides, it must be understood that the
invention is not limited to this embodiment. Accordingly, the
invention also contemplates the formation of a gate stack with
insulating sidewall spacers formed on the sides of the transfer gate. If
desired, the sidewall spacers may be formed, for example, of silicon
dioxide, silicon nitride, silicon oxynitride, ON, NO, ONO or TEOS,
among others. |
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di oxi de, silicon nitride, silicon oxynitride, ON, NO

ONO or TEGCS, anong others.[0045] In addition and if
wdesoisrasi7oa silicide |ayer (not shown) may be aCTmS2004/022752

formed in the multi-layered gate stacks 130, between

t he conductive layer 132 and the second insul ating

| ayer 133. Advantageously, the gate structures of al

other transistors in the imager circuit design nay

have t hj ddi tignall.y for Sk LiiCj | Thi

silici E‘gf‘}ar’aer malt/)n %%Al{llo{l &Hgﬁﬁﬁi%sllrftéli’cé %gfl_d%a%g{%ér? Sﬁown) may
silicidepe GREFim& inl thie $BulRY4Ed gﬁt&rﬁ_tﬁdkls 180¢Betwien the
tantalumsilicide. This added conductive |ayer could

al so be eomhictivetaytny22 Anéfhastcong imsjaingslaydr 1&3. Ti N W

or WNc/ Wor it could be entirely formed of WNx. [ Q046
An i nsul Advagagesyely @E%?%@F%ﬁfé‘g Qfg%‘? tri“?’?é“o‘[s 1R 6l

UL 00 W )Ry SERG  c ye

own" i n ki gure

i nsul at i gl A¥ele ek ARYbO ArihailrRley ramesexl fBciHay®balt
formed by an oxidation or a deposition nethod and to a

t hi cknessilicifie aholybdéfurArsgiidews tamalabositicide 0Qthis added
Angstronms, nore preferahly of apout 20 trons to

about 1, 0OBlusHye qysmom&%ﬁm HHer BREGAT RIS BE fach 25
present i iOWIW !,W e rd bed. bel |
referencwgﬁf RsUla ing(pﬁlgg(gl?ﬁl 1%5?@9%%%&%’“
substrate 110 including the transfer gate 130, it nust

be undpg@iaiod t hah ibfigatiehpat 12 Inapbedoratd over the substrate
contenpl ates the bel owdescri bed enpodi nents w t hout

t he for nai0ancledinghbe SAE uegionnls? aped itha panstenguel 38, as also
doped | ayer or well 120 of a.first c ctivit

whi ch fo?h%&fémof%l% %u 33’6%?11?%%@%’9‘@ frayfegheletdbly an
illustra [ ' . ' ; )

tyre norreidst EH s uf SRt ok B depBsBbhmidiBd apd go e
by i npl agiitlagsPof sttt dOpARESrdnis tebaiteSg0@0 Anlgetroms, more

substrate
preferably of about 20 Angstroms to about 1,000 Angstroms.
Although the embodiments of the present invention will be described
below with reference to insulating layer 121 formed over the substrate
110 including the transfer gate 130, it must be understood that the
present invention also contemplatés the below-described embodiments

without the formation of the insulating layer 121.

[0047] A doped layer or well 120 of a first conductivity type, which
for exemplary purposes is p-type, is also illustrated in Figure 3. As
.known in the art, the p-type well 120 may be formed within the
substrate 110 by implanting p-type dopants in the area of the substrate
directly beneath the active area of the pixel cell. The p-type well 120
may be formed subsequent to the formation of the shallow trench
isolation (STI) 155 and of the gate stack 130. However, it must be
understood that the p-type well 120 may be also formed prior to the
formation of the shallow treﬁch isolation (STT) 155 and/or gate stack

12



directly beneath the active area of the pixel cell.

The p-type well 120 may be fornmed subsequent to the
woaoosatiszom of the shallow trench isolation (STPLTAS2004/022752

and of the gate stack 130. However, it nust be

understood that the p-type well 120 may be al so forned

prior to the formation of the shallow trench isol ation

(STI) 155 and/or gate stackl130. The inplant dose in

th -t | .120Q | ithi,n th f t..1
1011F0 2080t e R R Hiio DR L2 0P BR R rnee of
Wi thin t Q?oﬁtaﬁ 99108"&2%@%% 3L 10" QdAnd OB AU iﬁgi‘ﬁferably within

1013at ons/ cm 2. Subsequent t0 the fornation of
the STl tegi@gs of abowntxdf0't teealtcuaidst 20 gadms AR, a
first photoresist layer 177 is next formed over the

structure of Figure 3 to a thickness of .abgout 1,00

Angst r 698481 aboSibsrauonbtonigderaron gé&@hgﬁheg}pnsq% and of
Figure 4 . The first ot presj st | I

pat t er ned’ ga%sg?ragaﬁc Agpi ¥ ng? 8%8 rﬂrﬁsgsﬁ%’g% g\% grlég%ﬁg?re[ged over
of the sybsitalgreldOribei el aRekicss BRaRARS 000 WhGstroms to

gate structure 130 and the isolation region 155 ere

a char ge abeetdDa0 ifagstregispm sheownondéghiwerdedhe fipg4diotoresist
As illustrated in Figure 4, the first photgyesi st

| ayer 17%yeslpaispattceredste ohiain a Bt gReNBEde Sopver AR area of the
openi ng 178 he.first phot ' l?@{ﬁ 7

conpl et eF’fIb%'ﬁ\tE/ee%é {bﬁgwclegloﬁ%gg |lE gié ‘?& §ion &%ézfn Cé?(’ieelns sfmd

t o phot oghOfglagbRacdiBh 158 kdte ahdhRl R c@mpl@iondicgRie is to be
W ll be created. On"the other side of the opening 178,

t he firstonimat oresi st layer 177 only partially covers
the gate structure 130. In this manner, the first

phot or esj | ayer, 177 does. ngt cove he gate . .
St ruct UPeIb0” by A HSeaR DI R 1 P G GBS ERT 7 s
D1 (Figur f ' . .
132, wihi ERc e shale O R Bl bRl LR pporesist
the gate l%li:f UEY ¢bmpletlly cbhers pieBoheoniragidnfligssindditasds to

di stance IS
photodiode area 101, which is where a photodiode will be created. On
the other side of the opening 178, the first photoresist layer 177 only
partially covers the gate structure 130. In this manner, the first
photoresist layer 177 does not cover the gate structure 130 by a
predetermined first offset distance D, (Figure 4) from the sidewall of
the gate conductor 132, which represents an electrically active portion
of the gate structure 130. The predetermined first offset distance D, is
of about 100 Angstroms to about 6,000 Angstroms, more preferably

of about 300 Angstroms to about 2,000 Angstroms.

[0050] Figure 5 illustrates a top plan view of the structure of Figure
4.
[0051] A first angled dopant implantation 179 (Figure 4) using a

dopant of a second conductivity type, which for exemplary purposes is

n-type, is conducted to implant ions through the first opening 178
13



of about 100 Angstrons to about 6,000 Angstrons, nore

preferably of about 300 Angstrons to about 2,000
wangsstonsars. [ 0050] Figure 5 illustrates a top pCaws0amn22752

of the structure of Figure 4. [0051] A first angled

dopant inplantation 179 (Figure 4 ) using a dopant of

a second conductivity type, which for exenplary

purposes is n-type, is conducted to inplant ions

through the first eni ng .1%8(Ei e L th

phot odi o 1g§F°e%_§’fO%%éj:}’é)§g%1PdF %%eag ms ?%%)gﬁielﬁlb 1fmf‘teec]tlloy
beneat h e AFblVaR iR @e bRA dTith€ bixePLdll tPfrRY 4R Atype
n-type region 126, as illustrated in Figure 6. The

i npl ant edegiond@édas #lgstoated 26 Figsirabi griedinpanted redgpedfegion
the transfer gate 130 and forns otosensitive

char ge stldPdy Eﬂ?@‘i@rﬁ@@d%@fﬂ&t? ; IEREE bR AR Apkes

nvent | ool RERRGY st el nop R ot pNERE ERpapgrared

as i npl agfatban conducted at incidence angles with the
substrate 110 other than O degree angles, where O

degrees is perpendicular to the silicon substrate.

Thus, (6@52%Fr m " &ogitedpurposesfiadhe preseneinyention, the term “angled

i mpl antatiop condycted_ at incidence angles with. th
subst r at &nglaaEtn 11k gefinedys TRgen ég%&fcﬁ%\ a"g’élacgnce angles

degr ees. Xgl&(r)r%%] %l'gg]&atfe ic}rﬁ)t %tgg,ghsﬂ d 8%%%@@%3&1’1&9 0ldegrees is

(Figure e conduct y pl aci strate

110 i n apeipgRndicilirabiBe siliddwl sibvplaant Thas, ahO tap Faigted
n-type dopant ions through the first opening 178
(Fi gur e dmplantaiaiferefubsy inaplentation gpndncted af incidsincg @ngles

keV to 1 MeV, nore preferably of .30 keV to 300 .keV, to
f or m n- ddpButheegbemate gcatpistian U digregsdg Ies tgi”égbéieﬁ,mes‘

n-type dopants such as arsenic, antinony, or

SP?:E’P?QQL‘?@] may B&d e ﬁ{gl&fjidnr]nﬂ)lﬁﬂtgﬁéﬁ t179|(ﬁéure 4) may be
conducted by placing the substrate 110 in an ion implanter, and
implanting appropriate n-type dopant ions through the first opening
178 (Figure 4) into the substrate 110 at an energy of 10 keV to 1
MeV, more preferably of 30 keV to 300 keV, to form n-doped region
126. As illustrated in Figure 4, n-type dopants such as arsenic,
antimony, or phosphorous may be implanted in a right-to-left direction
relative to the gate structure 130 and in the (x,y) plane, for example.
The implant dose in the n-doped region 126 (Figure 6) is within the
range of about 1 x 10" to about 1 x 10" atoms/cm?, and is preferably
within the range of about 5 x 10" to about 1 x 10" atoms/cm? If
desired, multiple energy implants may be also used to tailor the profile

of the n-doped region 126.

[0054] The angle of the first dopant implantation 179 may be
tailored so that the n-type region 126 is approximately coincident with

the edge of the gate structure 130 and is spaced apart from the STI

14



relative to the gate structure 130 and in the (X,Y)

pl ane, for exanple. The inplant dose in the n-doped
woegsmn33e6 (Figure 6) is within the range of abows20b4%22752

1011 to about 1 x 1014 atons/cm 2, and is preferably

within the range of about 5 x 1011 to about 1 x 1013

atons/cm 2. If desired, nmultiple energy inplants nay

be also used to tailor the profile of the n-doped

region 126.. The anal.e .of. | S

i npl ant at“i”%_ﬂll %%ﬂ}'aﬁlseﬁ@niig) Cgrc_{le%%% Ifgh g%%?ﬂeggﬁ”? I)}%séecond
regi on 126ndSiqRRECD TSN UE 01 Ay sEoRis to dAbdbut BOMISRgstroms,
of the gate structuré 130 and is spaced apart from t%e

STI r egi omdiepréfgrablsefanat GO0 gstiostssocxboD? 3y dngstroms.
6). The second offset distance D2 is of about O

2583% " §865hgct 1 s 4ng Bl o loA b HEp P aReR 7 s
The angle of.th irst t .l '

1%t PRl G iRk G DAL e AP FRELAKRR IS, D,
of fset diploaiee) DAcédidipl the firshotberctisghse DE) by fiertightly

of fset di'stance Dlmay be tightly controlled by the
i npl ant angtrelledh by theimplphioatgleast the inentf ¢nesgy. ahbe Sept

i mpl antation 179 may  be ndugted at incid I .
Wi th t he lsdrmplEaen b7 AILRe SRyt ArTIaaowERels with
nore preferabl t e

ot 0 YR B byl o APdBRE R bOORBLY of
the firstpBirBepasbat 30 Axefeed 77 is removed by

conventional techniques, such as oxygen plasma for
exanple. The structure at this point is depicted_ in

Fi gur e [6056D057] Subsesend tg Hist fseangled iraplapt 169 (Figure 4), the

e

(2% 88?6’6‘%9 Ok QP pladfE FREEARPIP NPLOSESItite 4:AKRPokHis depicted
in Figure 6.

[0057] A second photoresist layer 167 (Figure 7) is next formed
over the insulating layer 121 to a thickness of about 1,000 Angstroms
to about 20,000 Angstroms. The second photoresist layer 167 (Figure
7) is patterned with a mask to obtain a second opening 168. This way,
on one side of the second opening 168, thc_ second photoresist layer
167 overlaps gate 130. On the other side of the second opening 168,
the second photoresist layer 167 extends over the STT region 155 (the
right most STT region in Figure 7) by a distance D;. The third offset
distance D, (Figure 7) may be of about 0 Angstroms to about 5,000
Angstroms, more preferably of about 300 Angstroms to about 1,500
Angstroms. As a result of an angled implant, the p-type implant 289 is
displaced from the gate edge of transistor 130 by a distance x= D, =t +
H tan 6, and wherein “t” is the sidewall thickness of the insulating
layer 121, “H” is the height of the gate stack including the thickness of
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7) is patterned with a mask to obtain a second opening

168. This way, on one side of the second openi ng 168,
woOheosgasond phot oresi st |ayer 167 overl aps gat eCt282000022752

the other side of the second opening 168, the second

phot oresi st |ayer 167 extends over the STl region 155

(the right nost STI region in Figure 7) by a distance

D3. The third offset distance D3 (Figure 7) may be of

about 0 1.Q,e2R9 Wt ovay AROANASES ©4FE 5taR180. Distance D
preferab@@gg%ﬁgggﬁtggoggAngs{rons to a&%g§sf}500 :

Angst r omss ofstboait 0eAtigstronhis @nabang|56000 Apksimoms} mere preferably of
p-type i nBI ant 289 is displaced fromthe gate edge of
@

transi st @bougd0@pngswpms spabow=3800 AngstqSay ¢, and
wherein "t" is the sidewallthickness of the insulating

| ayer 'H' is.the i ght : :

i ncl udijfﬁésﬁwe thiSFé%Wgsé; 8?%11:89%‘ ﬁé‘gﬁ %g%}‘gyﬁg%ér(sﬁ%ium of Figure
over the-transistor gate stack 130. Distance D4 is of

about O gstrons to about 5,000 Angstrons, nore

preferably of about 300 Angstroms to about 3,000 )
Angst r §0859] 0058]A Ficgud engled dapsnt anplentaticopl §9 Ggwieely using
of the structure of Figure 7. [0059] A ,second angl ed .
dopant i mlensnacf i AocqElustviEy HiPey ¥ f?r ﬁﬁﬁﬁﬂg%?urposes 15
the first_ condycti uj [ ;
exenpl ar )P|6 6b§ecg n%ﬂé&%d% E@P lalwg Ec%%ntg.g%%ggdthtcg Clc?r% g%etMg 168

ions t hr qeghyrt g inahieactaifent bgbsthl dire@lyrieenthth the actiee area
area of the substrate directly beneath the active area
of t he pi >aflthe pixel ealaridalatarally gveslappinggbr vd LtrpgiogHi>5 by

(o0t On Lo by e 2 00 k0 £0h S BB, AR s i
second andiid 4 e A0 AR oI AR 989G Liadhcred ina

left-to- direction re to the gate structure

130 and ijgfiBaidht didecbidatifeoto tampd sruanct B30 and in the (x,y)
i nci dence angles with the substrate 110 of about O ta

about 60 meg, fescxample Jpdeftancidenceenglossuth the wibspygtl 10 of

30 about 0 to about 60 degrees, more preferably of about 0 to about 30

degrees.

[0060] As shown in Figure 9, the implanted p-type pinned surface
layer 188 is aligned to, and contacts, the edge of the isolation region
155 and is displaced laterally from the gate stack 130 by the offset
distance D,, depending on the implant angle of implant 187. This
way, by being laterally displaced from the gate structure 130, the p-
type pinned layer 188 prevents the formation of any barrier adjacent
the transfer gate region and eliminates the occurrence of any transfer
gate overlap region which, in turn, affects the transfer of charge from
the charge collection region 126 to floating diffusion region 125 and

additionally ensures a good electrical connection to the substrate

through the p-type well 120.
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degrees. [0060] As shown in Figure 9, the inplanted

p-type pinned surface |layer 188 is aligned to, and
woanisaasxp the edge of the isolation region 158BCang2008/022752

di spl aced laterally fromthe gate stack 130 by the

of fset di stance D4, depending on the inplant angle of

inplant 187. This way, by being laterally displaced

fromthe gate structure 130, the ptype pinned | ayer

188 pr the formation of any barrier.ad] t

t ransf $¥8€t\fe r egPB AR taé’lolnrﬂ]??’ag%goﬁwue&%% gﬁjlpggﬁ%ethtgp Hibstrate
any transfgr; ; IO a i roBrihtdr d
affects ? gl?%gtﬁg g}/@{) ?"gh%‘f‘giéﬁ‘?r om%:ﬂpepc gr geﬁltype opant
col | ect i gons'thgigth d2Getond bpating §68i(Figuse Bhinteghosulistbte 110
and additionally ensures a el ectrical _conpecti

d
to the sabsneaeigyofPO0FY toh o(gk@‘&mfcﬁ%ably PQé.l‘{CUchﬁOOECV, to

I on inplantatjon nmay .be c¢conducted plAagin

subst r at &7 §9 B‘%EFVPIBﬂe? ﬁ’bfsaacﬁtl@'re,r ti%ﬁd I? ﬁ%f:'giﬁ)tﬂgﬁg’ such as
appr opr i “BFARuSORRARm ANRaddtsRindmbyBe 8RRV for th
openi ng %%go%g gur% ) inrtno th%ésa%??’r at}te1 (::LlO at anOr ©
ener gy ofke&@dd iepliry. T2 ikgplantptoat ér dil py-tyfe dinked/surfacgdayer
keV, to formthe p-type pinned surface |ayer

188 )
P-type ddgar(FigureQd ks wishisghemangsepfabionsh X 19ditaabgrt 1 x 10

magnesi u may be enpl o d&or he secpmd . | e

i npl ant gg%rgs)llcﬁnt’ﬁéonr‘gptr f)l@b i?ﬁﬁ%’&ug%r g@et+g§é€p%§81-6ﬂ

(Figure Qohs/2hin the range of about 1 x 1012 to

about 1 x 1014 atons/cm 2, nore preferably of about 4

x 1012 to about 4 x 1013 atons/cm 2. [0062] Subsequent

to the[8@6Dhd an@ubstquept enthels8@orot agled replant 1§ of Figure 7,

second photoresi st |ayer 167 .i s renoved b :

convent i ¢h@ Fecf)@éli’&i]ioa‘e@%l?t laygg @62315 5 gee WY%\%‘W&?U?B#

exanpl e, .1 g _conpl ' - 0= i

190 ot TSP efiS o S AR S0P buaifle RTRRACHARE
formation of p-n-p photodiode 199 comprising regions 188 and 126,
as illustrated in Figure 9. A floating diffusion region 125 is also
formed opposite the charge collection region 126 and adjacent the gate

structure 130 by known methods in the art.

[0063] As a result of the angled implant for the formation of the
charge collection region 126 and of the pinned surface layer 188, ion-
implant channeling is reduced in the photodiode 199 with the angle
implanted and laterally displaced pinned surface layer 188, and the
angle implanted charge collection region 126, as compared to a
conventional 0 degree implant. In addition, the n-type doped region
126 formed by an angled implant is aligned with the edge of the
transfer gate 130 and eliminates the transfer gate overlap region which,
as explained above, typically occurs below the transfer gate 130. Thus,
any undesirable barrier potential that affects the transfer of charge from
the n-type charge collection region 126 to the floating diffusion region
125 is ¢liminated. |
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as illustrated in Figure 9. A floating diffusion
region 125 is also forned opposite the charge

woabds@asizon regi on 126 and adj acent the gate SPCUAISA08/022752
130 by known nethods in the art. [0063] As a result of
the angled inplant for the formation of the charge
collection region 126 and of the pinned surface |ayer
188, ioninplant channeling is reduced in the

hot odi 99 wi.t h 1 hy e i.npl ant ed |.at |1
oot o8y S99 il Ale PR Lmlant e ea e s
| mpl ant e‘ﬂraﬁﬁgﬁrog,gthg %hﬁ‘é%%‘w&e@é&fbﬁééagméi R SR IFLMistSR are

a convention egree 1 nplant. Ition, the

n-type depedforegddy delbkhowiegethydanCangdeibnalprasisiigssteps
aligned with the edge of the transfer aape 130 and
el i m nat omytheealsa employed gafermpgentaghs apdgrigRgwhicORNeGE Fate

oap e 130 ngpinet otie) Corkksab RS Bl e el 10: e Bpiesche
ffect t : -t )
ol et SHErRAEE sy e SPAyith 8 Bald G RS of 1B Slicon

125 is eldid%ids BG, [ Adr BireG deitichds OMP tphhapizs¢ bnd etched to
sensor cell 100 including the reset transistor, the

source f provideeontretuiles, srhicinarertbon sedtdlzed taprividegrontacts to
are then formed by wel |- known hods. . Convent i onal
processi My Erghpmat E:r &agﬁomléﬁﬁ&’&wa‘e{ ATF SEHCMERY 43 peeded.
and W ri & iBRUSy el BESRRR (RS NRH iSRMREHLIHUA

in the p?ggﬁg%éﬁﬁm%ggggFo%Jéxanple, the entire surfaceer
may be ceiediestridtifesanpedso bausahtd myatondect ehgstructures of the
silicon dioxide, BSG PSG or BPSG which is CW

pl anar i zpixehsanset edlled t o provi de contact hol es, which

are then netallized to provide contacts to the reset

gate, fer gate and,qther pixel te str ur

as neebé@‘g}‘ﬁ(}o nve%fg(ucgﬁsafo %?I ﬁPsptFaée %@%%stg %rfen&%cjl)ﬁ lrjl%:e?% P g the

and i nsubatseSinteh®Rcofding b iR Bﬁ{ytbhﬁﬁger@iﬂcédi&{) rdfon 226

used to interconnect the structures of the
(Figure 13) is formed by an angled implantation. The structure of
Figure 10 is similar to the structure of Figure 7; however, the structure
of Figure 10 is subjected to a straight surface p-type implantation
(defined as implantation at an angle of about 0 degrees) for the
formation of pinned layer 288 (Figure 11), and not to an angled

implant 189, as in the first embodiment.

[0066] The straight implantation 169 (Figure 10) is conducted to
implant p-type ions, such as boron or indium, into an area of the
substrate 110 located right below the substrate surface and laterally
displaced from the gate structure 130 by distance “t,” as shown in
Figure 11, corresponding to the thickness of the sidewall insulator 121.
The p-type dopant ions are implanted through the opening 168
(Figure 10) into the substrate 110 at an energy of 500 eV to about
100 keV, more preferably of about 1 keV to 30 keV, to form p-type
pinned surface layer 288 laterally displaced from an electrically active
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pi xel sensor cell. [0065] Figures 10-13 illustrate yet
anot her enbodi nent of the present invention according

woaosshuisitoonl y charge coll ection region 226 (Fepgumus23)n22752
is formed by an angled inplantation. The structure of
Figure 10 is simlar to the structure of Figure 7;
however, the structure of Figure 10 is subjected to a
straight surface p-type inplantation (defined as

i npl ant at j on faﬁh% %gt&e%@gkelﬁ‘z @gg%gfggtr gg%%@gsg Ibdi8.0

f or mat i o™ B°'p ayer nd not to

an angl echjiRbaRo hB8ut 8900 A e ohis! flore PE&reiabBéf about 20
[ 0066] The “strai ght inplantation 169 Figure 10) is

conduct edrgstronpltanbopt 1006 Amgssronssuchhiags debieved by adjusting
indium into an area of the substrate 110 |ocated
ri ght belthathifnesypithedepositad insgatinglayeg Q%ﬂ ﬁ'i}c implant dose

di spl aced_fromthe .ga t e 13 ' W

as” Shown % e gRep HRE Kb 48R EEGACED O oliih B fingk of sbou:
of the sijdeygiko hbswd P& dkdms JOB% InbikRgeReANbf Algs 4 x
are inplanted through the opening 168 (Figure 10) into

t he substli0&t @ dbbit dtx k0 ememgyengt 500 eV to about 100

keV, nore preferably of about 1 keV to 30 keV, to form

-t i nped surf . 288 lateral Iy displaced .
P om aADBPEEL | odteyents ulkaz B femplien rabhe fagon 226
by the of 5 ag . _
about 3. 60 RSgieR RS (o chaf e ERBLA Al DO T Bl ofthe n

Angst r omﬁ@dwﬁb&m AFigaies 6n%). Thiiss ahSnglkki dopadt
|

by adjustin ckness of the deposited insulating |
| ayer 12imphineationpl &nt (Higars 12) haviagp rghgetoplcirdiescrapaelative

208 (P04t L S0 LT A1 CANGR Rl 125018

£ IO e A R
179a is conducted using a dopant of a second conductivity type, which
for exemplary purposes is n-type, to implant ions in the area of the
substrate directly beneath the active area of the pixel cell and the
laterally displaced pinned layer 288 to form an n-type doped region
226, as illustrated in Figure 13. As in the first embodiment, the
implanted n-doped region 126 is aligned to the transfer gate 130 and
forms a photosensitive charge storage region for collecting

photogenerated electrons.

[0068] The angled dopant implantation 179a (Figure 12) may be
conducted by placing the substrate 110 in an ion implanter, and
implanting appropriate n-type dopant ions through the opening 178
(Figure 12) into the substrate 110 at an energy of 10 keV to 1 MeV,
more preferably of about 30 keV to 300 keV, to form n-doped region
226 located below the p-type pinned layer 288. N-type dopants such
as arsenic, antimony, or phosphorous are implanted in a right-to-left
direction relative to the gate'structure 130. The implant dose in the n-
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by a nethod simlar to that described above for the

formation of the ntype doped region 126 (Figures 6-9).
wohoss/ 013370 angl ed dopant i npl antation 179a (Fi gece/uk2)04/022752

having a right- to-left direction relative to the gate

130 i s conducted through the opening 178 fornmed within

t he second photoresist layer 177 (Figure 12). The

angl ed inplantation 179a is conducted using a dopant

o 2o RN Y %) LR Ty 1 310" o

pur poses 1oNns 1N area o

substrat gpgi ¢ P&l REARFEM2 IR BPréftRbYF RRhBT tHeBnge of about

pi xel cell and the laterally displaced pinned | ayer
288 to f6rnléh t-abppe 1 dop@d ategs om’2 A6 desised, Inhulspleainedzy

in Figure 13. As in the first enbodi nent, e .
i mpl ant eémplagtpyaay bedlsemsad o rasloarchﬁa@gﬁ? e% anen-dopcd region
transferrzggte 130 and forns a photosensitive charge

st or age fon for collecting photogenerated
el ectrons. [0068] The angl ed dopant inplantation 179a

(Fi gureopdgd] may bR is dpfhRisRMBIBSRY shbsgedhstd @letangled
110 in an i'on inplanter, and inplanting appropriate
n-type. ddppatt ingrianthtiomdghatihe phoeeresist [ases 177 iguemoned by
into the substrate 1ﬁ%ﬂat an eng{% of. 10 keV to 1

MeV, nor oBYeianabieghyaushin fomplekethcBrmapok ofP 18
formn-d .eql 3%%1; - :

pi nned | §$‘ §?0cg§gé 22? ? érg%écggﬁia%?%&%c a(gggl?’s&esﬁpgs,tmted =
ant i nony Fi@ireA3osphorous are inplanted in a

right-to-left direction relative to the gate structure
130. The i(IPH)l ant dose in the ndoped region 226 (Figure

13) i s[WT0j n t hélehwngh the abpruembostimanss havedprsgdescribed with

1014 5o C 21 A0 LSS A L0 S

dest o0, pRHLG IS RPN A ot o o b
charge collection region formed adjacent respective pinned layers 188,
288, it must be understood that the invention is not limited to this
embodiment. Accordingly, the invention has equal applicability to n-
p-n photodiodes comprising a p-type charge collection region formed
by an angled implantation. Of course, the dopant and conductivity
type of all struéfures will change accordingly, with the transfer gate
corresponding to a PMOS transistor. The invention has further
applicability to p-n or n-p photodiodes, that is, photodiodes that do

not include a “pinned” or “surface” layer.

[0071] In addition, although the present invention has been
described above with reference to a 47T pixel cell, such as the pixel
sensor cells 100 (Figure 9) and 200 (Figure 13), the invention has
equal applicability to a three-transistor (3T) cell, a five-transistor (5T)
cell or a six-transistor (6T) cell . As known in the art, a 3T pixel cell

differs from a 4T pixel cell in the omission of the transfer transistor. A
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[0069] As in the previous enbodi nent, subsequent to

the angl ed dopant inplantation 179a, the photoresi st
wobayevo1137d i s renoved by conventional techni qQUEETIUS2004/022752

conplete the formation of p-n-p photodi ode 299 forned

by regions 288 and 226, as illustrated in Figure 13.

[0070] Al t hough the above enbodi nents have been

described with reference to the formation of a p-n-p

phot odi o such,as .t h - N- hat odi.odes Fi

) and 299 R GaHanEes e AT Bt L yp 85 pdPah ord dhbier

col | ecti Ei%%?_off'grmgigﬂx@t‘égﬂﬁc tFASRESGT 116t RLMPRY Figures

| ayers 188, 288, it nust be understood that the

i nvent i on4i k6 fivistrhiertht éoknharionhodfsa Fhipickl 0elh800 (Figure 16) having
Accordingly, the invention has equal appljicabiljty to '
np- n phétenastpkotedigsie 3 Seprapising p Piktedysystace layer 388

col | ecti region, fo db n_angl Ll tio .
cour s, e pRiech IRy Rl e ey SEish RNt e 48knd in
struct ur egniid fithNaRER AUEAiSH AGlioh 326 FonbdEb hagled er

gate corresponding to a PMOS transistor. The 1nvention

has f ur diigplaapgicnc dbld fdrynation pfmhopinned spifateddyardds and of
that is, photodiodes that do not. include " pi nned", or

" sur f ace'th¢ eljesge collagtion regioadioris sAndugted gMg’PFtbﬁ s similar to

i : b )
Fef or enc et 1t i FRefSE 3f AR EhaRE SutRRiRs s 288 apd of
cel I's 10@Qn{ El'xeggé ColfbctidndeZiBfs ( Bb I2I 6, a AkscritRd above with

i nvention has equal applicability to a
t hr ee- t r aefsicscoro Farec@ll3, Bighieviket issamiirdt gart(teTigure 5 and

. i x-transistor (6T) cell . As k i
art, o SR Akt K 1 G f ACHERR @Y B db e Phptoresist
the om sgj t he fer. ' T.0i .
oot "o 1 ROPO 7 St ShEBRobe AL i ke Aikfiifiion 26

shutter tHaReiIStiQkindlar @ part @Y P8 & AgRillastri8s b&ediatic top
For exanple, Figures 14-16 illustrate the formati on of

a 3T pi xplancetw FePehiEg@aSeinldy phavomsjst layer 167 subsequent to

the formation of the charge collection region 326 and before the

formation of the surface layer 388.

[0072] A typical processor based system 600, which has a
connected CMOS imager having pixels constructed according to the
invention is illustrated in Figure 17. A processor based system is
exemplary of a system having digital circuits which could include
CMOS imagers. Without being limiting, such a system could include a
computer system, camera system, scanner, machine vision, vehicle
navigation, video phone, surveillance system, auto focus system, star
tracker system, motion detection system, image stabilization system
and data compression system for high-definition television, all of which

can utilize the present invention.

[0073] A processor based system, such as a computer system, for
example generally comprises a central processing unit (CPU) 644, for
21



a pi nned phot odi ode 399 conprising a pinned surface

| ayer 388 laterally displaced froman active area of
woes®to1s37ansi stor gate 40 and in contact w th eoamuge004/022752

col l ection region 326 forned by angled inplantation.

The formation of the pinned surface | ayer 388 and of

the charge collection region 326 is conducted by

nmet hods simlar to those for the formation of the

pi nned surf I [ :

col | ecti G qg’i %ﬁ%&ﬁﬁ%o,@%%’%ﬁgts%?g{nf‘%gﬁ @E%?}g%ag l%% output
refer encg/t@) e 856 Syekd: bilsl 6B2.€Th4 QMO ithdgrf 64D

part to Figure 5 and illustrates a schematic top plan

vi ew of cpeniimicad®dvith thheyspnovverdsissd5a. aybe computer system
before the formatign of .the charge col ] ection_region .

326. Fi gfiP@ alsg indudesgapdem %C%FQCQBWF&F&@@ @Saﬁ'gd may include
illustrates ,a _sche i.c.top ' . enj :
n the phoTRRed AR SRRl SUEMIR (8RR BeciRFact disk
formati ogcq) RORI GR3¢ 856 69kl RS hdind9 T 682 Gviatldalso

before the formati on of the surface [ayer 388. [0072]

A typi catomnoosssowithaSBY 644 teen tho bus@hize Ht mzay adso be
connected C i mager hayi ng pi xel s c ruct ed

accor di nfes@blee nfRggeithn PFCEsor 9oty g@@% IPAEE gehogr 642 and
17. A processor, t .S exenplary of a system

havi ng dfrbelnf%rpf 6(?1%?3(:%??%%5%%&?@' d i ncl ude CMOS

i magers. Wthout being limting, such a system could

i ncl udeo@y4jonput @Jlth&thhQH& peaemyiavayidrens iseardweeribed above
machi ne vi si on, vehicle navigation, video phone,

survei | | aiterchysncerto sl pixchedbassyast efin (G impagekdhe
system moLon delect on SYSUGN LIS, ALa LEEaLLe,
vent  ono B AR M A R Al e
conput er chygt eBlledtion region formed adjacent respective pinned layers 188,
288, as part of a CCD imager. For example, Figure 18 illustrate a top
down view of CCD imager 700 showing the photodiode n-type
implanted region 178 similar to that of Figure 5. Figure 19 illustrates
a portion of the CCD imager 700 of Figure 18 and of the photodiode

p-type implanted region 168, which is similar to that of Figure 8.

[0075] The above description and drawings are only to be
considered illustrative of exemplary embodiments, which achieve the
features and advantages of the invention. Modification and
substitutions to specific process conditions and structures can be made
without departing from the spirit and scope of the invention.
Accordingly, the invention is not to be considered as being limited by
the foregoing description and drawings, but is only limited by the

scope of the appended claims.
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exanpl e generally conprises a central processing unit
(CPU) 644, forexanple, a m croprocessor, that
woammmsat es with an i nput/output (1/0 devi cec®AB82004/022752
over a bus 652. The CMOS i mager 642 conmuni cates with
the system over bus 652. The conputer system 600 al so
i ncl udes random accessnenory (RAM 648, and may
i ncl ude peripheral devices such as a floppy disk drive
654, and a conpact disk (CD) ROM drive 656 or a flash
menory card 657 which al so communicate with CPU 644
over the bus 652. It may al so be desirable to
integrate the processor @IAIMS/OS i mage sensor 642 and
menory 648 on a single I C chip, [0074] Although the
pr es E0076 Inv dWeatgnclaimedhasareviand desied tadwrrofgcierd by Letters
refere ceto cel! as part of a CMO3S i mager,
the in é??t“l Bﬁa}%g}ngtﬁégfa 981 icability to a phot odi ode,
such as the p-n-p photodi odes 199 (Figure 9) and 299
(Fig oSRE 88 il §HOOdoHE I ON
for ned a ngeifgéggehc%%ﬁgﬁ nned&Igayers 188, 288, as
part of a CCD i mager. For example, Figure 18
i |1 ust cAFPTEEop down view of CCD imager 700 showi ng
the photodi ode n-type inplanted region 178 simlar to
t hefirstdbydFiofarfestconkuguaviey tpe fotmest inaa estragsoand on of
the CCD i mager 700 of Figure 18 and of the photodi ode
lateraﬁ¥H¥sgﬁcé&'BJoﬁ95§@1€Eﬁ‘&hWac]t@% pothibik Bf bStedfH dakgd 0 t hat

ure 8 0075] The abové description and dramnngs

re on 0 bg cons redlllutratlv lary
transéﬁgamlﬁ%ﬁi)g,a Qfdéﬁ%wi"tl}% PEROA @ngﬁ advant ages
of the invention. Modi fication and substitutions to

Angsspesi 4ndpr ocess conditions and structures can be nmade
wi t hout departing fromthe spirit and scope of the

oS anty, b ouenaag e st e
below said first layer for accumulating photo-generated charge, said
charge collection region being adjacent said transistor gate, said gate
transferring charge accumulated in said charge collection region to a
doped region of said second conductivity type.

2. The photodiode of claim 1, wherein said first layer is
laterally displaced from said electrically active portion by
about 300 Angstroms to about 3,000 Angstroms.

3. The photodiode of claim 1, wherein said first layer is a
surface layer.

4. The photodiode of claim 1, wherein said first layer is in

contact with an isolation region formed within said

substrate.
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the foregoing description and drawi ngs, but is only
limted by the scope of the appended cl ai ns. CLAI M5
wpQOsEN3IMat i s claimed as new and desired to BeT/US2004/022752
protected by Letters Patent of the United States is:
1. A photodiode for use in an inmaging device, said
phot odi ode conprising: a first layer of a first
conductivity type forned in a substrate and laterally
di spl : TN i HO& gat e
of 5 Chi pRORRA B A L R O o
0O Angstrons to ab%i, 000 Angatrorrs; and a charge
col | ecEP&AS PEYROH! secepd cANEBAHANT RS R BH%e f or ned
bel ow said first layer for accumnul ating
phog 0- The phatwlloddef deim 3 awHerchasaje ficsulldyec is dopedegi on
bei ng adj acent said transistor gate, said gate

adi ate,
ranst gt 'a’hggg%%&)ﬁgﬁgg ¥ hahAfdb FildnabaLoe x

col | ection region of said second
conductiyity type. 2 The phot odi ode . of claiml1,
wher ei i‘aol\sééP@bP}l?%tX Wii/é?onil fdf%ral |y displaced from

said electricallyactive portion by about 300 Angstrons
t 0 AboWhe photiiddgsf clains 5, Fheiiresgith chage eglleatorc| ai m
1, wherein said first layer is a surface layer. 4. The

phot odj f [ A ' i I EofS in
cont ac%e%g/\ﬁﬁdg euas?%‘}%\??w ggpgﬁ%raﬁeﬂﬁtﬁ said
substrate. 5 The phot odi odf Qf claim1l ,wherein said
first slpukkildityp 1% IQ 7 200508 BRyC84i d second
conductivity type is n-type. 6. The photodi ode of

cl aBm Thephetediods af daiin s whereye said photplidde is a p-

n-p photodiode.
9. The photodiode of claim 1, wherein said imaging device is
one of a 3T, 4T, 5T or 6T imaging device.
10. The photodiode of claim 1, wherein said imaging device is a
CCD imaging device.
11. An image pixel comprising:
a gate structure of a transistor formed over a semiconductor
substrate; and
a photodiode adjacent said gate, said photodiode comprising a
pinned layer of a first conductivity type and a doped region of a second
conductivity type located below said pinned layer, said pinned layer being
laterally displaced from an electrically active portion of said gate by a

distance of about 0 Angstroms to about 5,000 Angstroms, and said doped
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with a r-type dopant at an inplant dose of from about
1 x 1012 to about 1 x 1014 atons per cnR2. 7. The
wohoispdsmde of claimb5, wherein said charge cobCeaiszman22752
" “region is doped with an n-type dopant at an i npl ant
dose of about 1 x 1011 to about 1 x 1014 atons per
cn2. 8. The photodi ode of claim1, wherein said
phot odi ode is a pn- p photodi ode. 9. The phot odi ode of

. claiml i sald.j [ ' i S: a 3T,
regiof LB by RO A LT ALAR, GHGRCor iRl By a® |
claim1, wherein said inmaging device is a CCD i magi ng
gate sifeyalle. 11. An i mage pixel conprising: a gate
structure of a transistor forned over a sem conductor
subgt r arigs inkip@ pixddloftlath ddewhejcs exid phaied lgpdrés sai d
phot odi ode conprising a pinned | ayer of a first

conduct i Vi e i:

conduc ARy AbYRE SRR R0 Lh S oRITREA0E
said pinned |ayer being laterally displaced from an

el ectr%ﬁﬁ?%ﬂ?@@waﬁpgwug%sd gate by a distance
of about O Angstrons to about 5,000 Angstrons, and
saild. dupedmagt pixebéf dtgns Phoekkertinaridpindee layet isi cal |y
active portion of said gate by a gate sidewal|l. 12.
The | ' -Of ' . ' ' [ned | ayer
is | a?g(r%gfﬁ}ég?suglcgﬁég{ rtg)lr%nslgzgl ‘gﬁ}’gﬁ/ﬁ’aﬁ i stance of
about 300 Angstronms to aboyt 3,000 Angstrons. 13. The
i mage PHsheR sd SEPKPAIYAOT ERSFIAM sai d pi nned | ayer is
adj acent and in contact with an isolation region

f on#ed The image pixel of claim 11, wherein said first conductivity

type is p-type and said second conductivity type is n-type.

15. The image pixel of claim 11, wherein said pinned layer is
doped with dopants selected from the group consisting of
boron, beryllium, indium and magnesium.

16. The image pixel of claim 11, wherein said pinned layer is
doped with boron at an implant dose of from about 1 x
10* to about 1 x 10*atoms per cm’.

17. The image pixel of claim 11, wherein said photodiode is a
p-n-p photodiode.

18. The image pixel of claim 11, wherein said photodiode is
part of a CMOS imager.

19. The image pixel of claim 11, wherein said photodiode is

part of a CCD imager.
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wi thin said sem conductor substrate. 14. The inmage
pi xel of claim1ll, wherein said first conductivity

wOoyRpEs/01337p- t ype and said second conductivity t PoE/uS2004/022752

n-type. 15. The image pixel of claim 11, wherein said
pi nned | ayer is doped wth dopants selected fromthe
group consisting of boron, beryllium indium and
magnesi um 16. The inage pixel of claim1l1l, wherein

sahd pi auwer oS j : at an inpl ant

dogg'o qgﬁg%@géggﬁbﬁug%%%%§M%%agﬁg%§H%-X 1014at ors per

cnB. 17. The inage pixel .of claim1ll, wherein said

ph sgrsiedaer of a 4irss.conFuERBJYPe adjacent 2 gate OF frage pi xel

of claim 11, wherein said photodiode is part of a CMOS
transfer@@eistor] Said Pae: bethg forpiodedventa sillcansubdtrateharei n sai d

phot odi ode is part of a CCD i mager.20. A photodi ode of

gg ﬁilgg%? ?@?% %? %/ Béc%gg.réoﬁhﬂgﬁvi@rg%?E i@Ced BMBw @fq a first

acent a e of a transfer

transi stor, said gate, being fornmed over a silicon
surface yst.ragtleast aﬁeft&)f’d@éﬁéh}) g%qdorﬁgg{n- el%%i%‘i?&“‘zonduct ivity

type | ocated bel ow said surface |ayer, at |least a
betwedelshidaft®hnd adid sapedayeegiaahpineid dayleo beaingdateetliyeen

said gate and said surface |ayer, said pinned | ayer

. ' 3 I Iy j di st ance
displapfd el PAGRRe B BB SE R AT iR & Mo 1 "The
phot odi ode of claim 20, wherein said surface |ayer is
5,000 Argstemys di spl aced fromsaid gate by a di stance of
about 300 Angstrons to about 3,000 Angstrons.
21. The photodiode of claim 20, wherein said surface layer is

laterally displaced from said gate by a distance of about 300
Angstroms to about 3,000 Angstroms.

22. The photodiode of claim 20, wherein said surface layer is
adjacent and in contact with an isolation region formed
within said silicon substrate.

23. The photodiode 6f claim 20, wherein said surface layer and
said doped region are both located within a doped layer of
said first conductivity type.

24. The photodiode of claim 20, wherein said surface layer is
doped with phosphorous at an implant dose of from about
1 x 10" to about 1 x 10™atoms per cm?.

25. The photodiode of claim 20, wherein said image sensor is a

CMOS imager.
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22. The phot odi ode of claim 20, wherein said surface
| ayer is adjacent and in contact with an isol ation
woegison3d’or ned within said silicon substrate. PB8T/USh®4/022752

" photodi ode of claim 20, wherein said surface |ayer and

sai d doped region are both | ocated within a doped

| ayer of said first conductivity type. 24. The

phot odi ode of claim?20, wherein said surface |layer is

doped with phosphorouys. at.an i npl ant. dose of f.rom

abggt %ﬁ Pf@i%ﬁgﬁe gg y{néoxw gﬁ"a BESBHF 535, The

phot odi ode of claim 20, wherein said i mage sensor is a

CMOS i fdiJeimager. The phot odi ode of claim 20, wherein

said i mage sensor is a CCD imager. 27. A CMOS i mager

5Y8¥ SMHAORRDS Shitk: sfdimofaRageor: and (i1) a OMB

i magl ng device coupled to said processor, said CMOS

[ i ng device,conprising: a field isolation region

fg&%é’&g‘?qéisoﬁ strate; and a pixel adjacent said field

i solation region, said pixel conprising a p-n-p

ptiDtoGMQ8 imdgiagatevica cgupled b saidipraeessas; said 440N or

said p-n-p photodi ode further conprising a p-type

imagiﬁ%ﬁﬁ:ﬁ@@c&ﬁgﬁﬁingnd an n-type doped region |ocated bel ow
said p-type surface layer, said p-type surface |ayer

bei.ng |ateral |y di.spl aced froman electrically active
pd ﬁf’%o‘ﬁglé?‘og 5‘?%05 g‘fljgn & Ho8E e b about 0
Angstrons to about 5,000 Angstrons. 28. The system of
ch pivel 2djacant sidificldmodtipnrggensiuid pizel ¢ampising a
laterally displaced fromsaid electricallyactive
p-n-pAAotABJOhARE:HR a gate of a transfer transistor, said p-n-p
photodiode further comprising a p-type surface layer and an n-type doped
region located below said p-type surface layer, said p-type surface layer
being laterally displaced from an electrically active portion of said gate by
a distance of about 0 Angstroms to about 5,000 Angstroms.
28. The system of claim 27, wherein said p-type surface layer is
laterally displaced from said electrically active portion of said
gate by about 300 Angstroms to about 3,000 Angstroms.
29. The system of claim 27, wherein said p-type surface layer is
adjacent and in contact with said field oxide region.
30. The system of claim 27, wherein said p-type surface layer
and said n-type doped region are both located within a p-

type doped region.
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gate by about 300 Angstrons to about 3,000 Angstromns.
29. The systemof claim 27, wherein said p-type
weundsaass7hayer is adjacent and in contact w t hPe®iug2004/022752
-~ field oxide region. 30. The system of claim 27,
wherein said p-type surface |ayer and said n-type
doped region are both |ocated wthin a ptype doped
region.31. The system of claim27, wherein said p-type

Sugi ac%he s(:t‘%m'osf cga%%g WHelei H%ﬁ% ype%ﬁrt.fa@ ﬁglt sdose

rom-ab 10 About 1014 ato per
cn2. 32. A nethod of form ng di o&e r a pixel
sensor deptd withhogonst ARMBEERH aP ro “ﬁg’%\ gate of
a transistor over a substrate formng a first doped

| ayer ®b*aofaboat 10{0Iwﬁatdrﬂépe;tdnfpe in said substrate,
said first doped | ayer being displaced laterally from

ansg' eﬁt&&%g %f%{lmﬁ Aogﬁéega;mffo? Rintked §én%8p¥elﬁ

pr edet erm ne ormng-a doped redi on of
a second _conductivity type in said substrate and bel ow
said fﬁ%@t‘ne&b‘ﬁ‘géoﬁ@y’é‘ﬁgby i mpl anting i ons of said
second conductivity type in a first direction and at
aforhfifig dnecofdghesistof bveai shbstdss rat e di fferent t han
a zero degree angle in a first area of said substrate

b [ of claim

SR e ARl SR (BTt e PR) DR 1

i mplanting. ions of said, first, conductivity type at an
substrafgs sydAue %&&F‘éawfth’?“%‘?héplé‘i?ﬁls[ﬁﬁéﬁqg P ent than a

zero degree angle. 34. The nethod of claim 32, wherein
electriallydadtive plordop ef sdid gete bysa prdeedmiyed distaant;iang i ons of
said first conductivity type at
forming a doped region of a second conductivity type in said
substrate and below said first doped layer by implanting ions of said
second conductivity type in a first direction and at an incidence angle with
said substrate different than a zero degree angle in a first area of said
substrate below said first doped layer.
33. The method of claim 32, wherein said first doped layer is
formed by implanting ions of said first conductivity type at
an incidence angle with said substrate different than a zero
degree angle.
34. The method of claim 32, wherein said first doped layer is

formed by implanting ions of said first conductivity type at

an incidence angle with said substrate of about zero degree

angle.
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an incidence angle with said substrate of about zero
degree angle. 35. The nethod of claim 32, wherein said
woiomsto1sizoection is a right-to-left: directi onPCEUSRIONS22752

to said gate and into said substrate. 36. The nethod
of claim 32, wherein said first doped | ayer has an
i npl ant dose within the range of fromabout 1 x 1012
to about 1 x 1014 atons per cnR. 37. The nethod of

BEM Ghe lr}e’@&l 8l dF i 'v&t&treﬂ%ﬁi%dﬁrk@di%cubﬁ ifgrmed to

be Iatera |splacedfromsal eectrlcally active
portion, ate apbout s ta .about
5, 000 A&$§§ g‘i"@dgg%no %ttﬂéﬁdcﬁagec?rﬁfm tg$ad ey ei n
said first doped layer is formed to be laterally
di spl agebstfateam sai d el ectrically active portion of
sai d gate by about 300 Angstrons to about 3,000

T AT ifils@idRr3ld ot firhagai d
act ofq;H%rnr%] né)ddfec 301 eifils fdrha

sali irst doped l'ayer further
conprises form a. phot or esi st er, ov
substr é%lémé’f?dl égg‘d thegapenat {‘8 in’dlcf tc,tﬂl ng

sai d photoresist |ayer to expose a second area of said
subst r abeut b ai kD*$ewamncpearced. bei ng | ocat ed bet ween sai d
gate and said at |east one isolation region, said

seqgond 1853 %' N SRACEH JHL8h SRdTir9Ed Spddla f&héj

pr edeét erm ne st ance. 40. The met hod “of clai m 32,
vvhere| %ﬂ a‘gt of orm |d do ad re an_.of said
second tq be fagsratly, %%S oarﬁ'iﬁg a

phot or esi st | ayer over sal d substrate and said gate,

and patpoetion nfjs=idh gatet byt bogt Hahnispiontsaroesiostt 5,000
Angstroms.

38. The method of claim 37, wherein said first doped layer is
formed to be laterally displaced from said electrically active
portion of said gate by about 300 Angstroms to about
3,000 Aogstroms.

39. The method of claim 32, wherein said act of forming said
first doped layer further comprises forming a photoresist
layer over said substrate and said gate, and patterning and
etching said photoresist layer to expose a second area of said
substrate, said second area being located between said gate
and said at least one isolation region, said second area being
spaced from said gate by said predetermined distance.

40. The method of claim 32, wherein said act of forming said

doped region of said second conductivity type further
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| ayer to expose said first area of said substrate

| ocated between a sidewal |l of said gate and said at
woeeassto1sa1e i sol ation region. 41. The net hod of PCraiSm04/022752

32, wherein said act of inplanting ions of said second

conductivity type further conprises directing a dopant

at said incidence angle which is different than a zero

degree angle in said first area of said substrate

| ocat ed between said te and.said at | east. one

| sol at FORBrEG) R PhreRedaar Sr s THoss S her i n

sai d doped region has an inplant dose within the range
of frorndisaidigate,andatteoning@od etching said photerssiger cnp.
43. The nethod of claim 32, wherein said first

conduciigvél by expda® shidl st ¥OLoPAM Sissthafelopndd _
conducti'vity type is n-type. 44. The nethod of claim

32, wherein sai. tpdiode is .a p- ot odi ode. 45.
The ne‘t%r‘?g‘?ﬁee&faﬁ %‘?ﬂf%%m‘gﬁ%t?@flﬂ S@@i %qﬁﬁg%ﬁi ode is
part of a CMOS i mager. 46. The net hod of clai m 32,

wher ei nsodatian yeigoiedi ode is part of a CCD i mager. 47. A
nmet hod of form ng a photodi ode, said nethod

CODA | SHRGmefHYABMhiAl 33 SASdreidNidSARIdf plahBAEN
isolation region in a silicon substrate; formng a

S T BB AR P
regron ;djrecting a dopant at said incidence angle which is different

than a zero degree angle in said first area of said substrate

located between said gate and said at least one isolation

region.

42. The method of claim 32, wherein said doped region has an
implant dose within the range of from about 1 x 10" to
about 1 x 10™ atoms per cm®.

43, The method of claim 32, wherein said first conductivity
type is p-type and said second conductivity type is n-type.

44. The method of claim 32, wherein said photodiode is a p-n-
p photodiode.

45. The method of claim 32, wherein said photodiode is part of
a CMOS imager.

46. The method of claim 32, wherein said photodiode is part of

a CCD imager.
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formng a first doped layer of a first conductivity

type in said silicon substrate; formng a second doped
woayeroisgrosai d first conductivity type in sai dpETMUSR004/022752

doped layer by inplanting ions in a first direction

and at an incidence angle with said silicon substrate

ot her than zero degrees, said second doped | ayer being

in contact with said isolation region and bei ng

displ aced lateral.ly froman electrical] tive area of
sai ‘g}'t r‘gﬁ%eitg?g P?S%%/‘En%ﬁ P&Oﬁ?@ﬂ@f@ﬁﬁc ‘??Sﬂyogfst ance; and
form ng a doped region of a second conductivity type

i n sai ccomprssingloped | ayer by inplanting ions in a
second direction and at an incidence angle with said

SitblhRHE fULaE bak @hﬁfo‘&mﬁ&eﬁé}?ﬁo&ﬁbﬁ r886h §8 8 silit8n The

nmet hod "of claim 47, erein said second doped | ayer
b has an inplant dose within the range of from about 1 X
Subs§y$9 to about 1 x 101 atons per cn. 49. The nethod of
claim47, wherein said second doped |ayer is laterally
difephbxgeaitringstos gitd aybesid siiednt substiateeint spacot
sai dtransi stor gate by about 0 Angstrons to about

apartFr 8GN 34088 sllowlhendBbHRfoRtegbi M 49, wherein

sai d second doped layer is laterally displaced from

said el ectricall ctiv rea o ald transistar gate -
> ol b daned By enels BAE il Bhb narimicota]
The nmethod of claim47, wherein said act of form ng

substsaterd doped regi on further conprises forming at |east a
portion of said doped region between said second doped

| pahirdsceahd dopad tyeF o€ first conductivity type in said
first doped layer by implanting ions in a first direction and at an incidence
angle with said silicon substrate other than zero degrees, said second
doped layer being in contact with said isolation region and being
displaced laterally from an electrically active area of said transistor gate by
a predetermined distance; and
forming a doped region of a second conductivity type in said first
doped layer by implanting ions in a second direction and at an incidence
angle with said silicon substrate other than zero degrees.
48. | The method of claim 47, wherein said second doped layer
has an implant dose within the range of from about 1 x
10" to about 1 x 10" atoms per cm?.
49. The method of claim 47, wherein said second doped layer is

laterally displaced from said electrically active area of said
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52. The nethod of claim47, wherein said doped region

has an inplant dose within the range of fromabout 1 X
waQoostoesabout 1 x 1014 atons per cnR. 53. The perhs00a022752

claim47, wherein said first direction is opposite

said second direction. 54. The nmethod of claim47,

wherein said photodiode is part of a CMOS i mager. 55.

The nethod of claim47, wherein said photodiode is

part of a CCD imager. 56, ,A method of form ng a p-n-p
phot odi tRISISt Fate ﬁ%?h%‘bt & SRgsTrams §o aE’B‘Iltiﬁr’ﬁ&Bat | east
one field oxide region in a substrate;formng a

transi Amgstigaise over sai d substrate and spaced apart
fromsaid at |east one field oxide region; formng a

Fireg, Priy &%@8&1&&}/@9 x!v erSf Qicfé&%h&gb? edfigfrisng a

phot or esi st er over sal transi st or d sai d

field qxid pattern hotore | ayer
to°t or Hassaly P SR Ses ety BeRitRs & Ftlst

| ocation and a second | ocation, said first |ocation
cor r es pondistay gave by hbowt 3(libAngst¢mas taabdutt $000de ar ea
and said second | ocation corresponding to a second

poi nt o odid field oxide region; conducting a first
angl ed 'ant through said first opening to forma

sal 2 furfaglﬂdf%%gmfrh%%’rw %F{ﬁ’bsraf‘%?’gr(gly ; dggsﬁ* Icgger,

from an el ectricallyactive area of a gate structure
f or med doped regiod farthet cahprisea fiokngiogdit gﬁashg partserohd
angled inplant to forman n-type doped
said doped region between said second doped layer and said
transfer gate.

52. The method of claim 47, wherein said doped region has an
implant dose within the range of from about 1 x 10" to
about 1 x 10™* atoms per cm’.

53. The method of claim 47, wherein said first direction is
opposite said second direction.

54. The method of claim 47, wherein said photodiode is part of
a CMOS imager.

55. The method of claim 47, wherein said photodiode is part of
a CCD imager.

56. A method of forming a p-n-p photodiode, said method
comprising:

forming at least one field oxide region in a substrate;
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region in said first p-type doped |layer, said n-type

doped regi on being | ocated bel ow said p-type surface
woOay®r13550. The net hod of cl ai m 56, wherein sapPdTusoope22752

surface layer is displaced laterally fromsaid

el ectricallyactive area of said transistor gate by a

predeterm ned di stance. 58. The nethod of claim 56,

wherein said predeterm ned distance is of about 0

o B oRaRER dhecn? Bl SRR Tk B A B IR RN,

npl ant dose within the range of from about 1 x 1012
Sald%fdeﬁb@m: figldcoxide gegiewns per cn. 60. The nethod of
cl ai m 56, wherein said n-type doped regi on has an

| Nidkalig Qﬁﬁs@p bideptdaytpaaiddubstref about 1 x 1011
¥
to about 1014 atons per cn®. 61. The nethod of

R A A e B HRES b B .2,

Omdgreglgn phot odi ode is part of a CCD I mager .

patterning said photoresist layer to form a first opening extending
between a first location and a second location, said first location
corresponding to a first point over a photodiode area and said second
location corresponding to a second point over said field oxide region;

conducting a first angled implant through said first opening to
form a p-type surface layer in said first p-type doped layer, said p-type
surface layer being laterally displaced from an electrically active area of a
gate structure formed over said substrate; and

conducting a second angled implant to form an n-type doped
region in said first p-type doped layer, said n-type doped region being
located below said p-type surface layer.

57. The method of claim 56, wherein said p-type surface layer
is displaced laterally from said electrically active area of said
transistor gate by a predetermined distance.

58. The method of claim 56, wherein said predetermined

distance is of about 0 Angstroms to about 5,000

Angstroms.
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59.

60.

6l.

62.

The method of claim 56, wherein said p-type surface layer
has an implant dose within the range of from about 1 x
10* to about 1 x 10** atoms per cm®.

The method of claim 56, wherein said n-type doped region
has an implant dose within the range of from about 1 x 10"
to about 1 x 10™ atoms per cm”.

The method of claim 56, wherein said p-n-p photodiode is
part of a CMOS imager.

The method of claim 56, wherein said p-n-p photodiode is

part of a CCD imager.
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