WD 2005/ 041304 PCT/ US2004/ 028469 | MAGE SENSOR HAVI NG
PI NNED FLOATI NG DI ODE FIELD OF THE

WORWAHMIIMN [ 0001] The J'\m!u‘mmm\mmmr at es gener AATU$2004/028469

nmet hods and appar at u to a pixel array of
an imager. In particular.gbbe invention relates to
i mgers having pixels with- an inproved floating

IVMAERSENS ORTAVINRAPERRID FIl OAAANGYIDIF#EU JION DIODE

digital imager array includes a focal plane array of
pi xel cells, each one of the cells including a
phot oconver si on FHELR ©F €HE INVENITQM e,

phot oconduct or, or a phot odi ode. In one such inager,
nown,as a CMOS i nager, readout, circuit is .
100015 o n S SV staeieter giierdl o TRFPORS FYDABEATSS RezFaiping to o
pixel arfy SPE Bfagch T MR, B nVERIE SBEs ol Mapery baying pixcls wi
an improfddciivating diffisibs akgivnt ransferred to a charge storage
regi on, which may be a-floating diffusion region,
connected to the gate of the source follower output
transistor. A charge BAGKGROUND ce (e.g.,
transi stor) can be included for transferring charge

0002 9 SRR R § BB i e,
each oné BPHEALY ift3Yd@ng at HaRetsiveFsidiolevide 884, biphbiolSte,

floating diffusfon region to a predetermni ned charge
photocdnewetorpoi @ phowdidde. gk one amdfieragag dnoWneascu MO Sainagee, a

source follower transistor. is, gated as an out put
readout g{rghis s Wﬂ&ﬁ“@ﬁ&@% pbel £ WE%C_gtWIFﬂS’GGg@]dCEﬁéHBF%@?HOW“

output td?%ﬁ[%lu%r[mﬁ'l@ ghgéorCStiirérﬁbno Q{ig 28 @tssﬁh%%n% P(? \%ge?f_rgﬂg Which are

éd descriptions “uncti ons
ically@Mafe@tcd® shRfe ddrigih@ipitth, Gihidhinky Bk Q- flIRE difRdion region,
P for exanple, in U S Patent No. 6,140,630 to Rhodes, .
connectes] & thragasatof Kac sowca fulges ougpwRrimnsistor Aschpegeemanskes, device
tent, No. 6, 326,

(0.8 FRR) G0 b EpAngsL o i RS SRAFES B (1 RBIECaSFgIon device
to the ﬂUaéglg RAfifiYn Jggion. In addition, such imager cells typically have a transistor for
rcs.ct'ting. the floating diffusion region to a predetermined charge level prior to charge
transference. The output of the source follower transistor is gated as an output signal by a

row select transistor.

[0003] 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 to Rhodes, U.S. Patent No.
6,376,868 to Rhodes, U.S. Patent No. 6,310,366 to Rhodes et al., U.S. Patent No.
6,326,652 to Rhodes, U.S. Patent No. 6,204,524 to Rhodes, and U.S. Patent No.
6,333,205 to Rhodes. The disclosures of each of the forgoing are hereby incorporated by

reference herein in their entirety.

[0004] FIG. 1 illustrates a block diagram of an exemplary imager device 308 having

a pixcl array 200 with each pixel cell being constructed as described above. Pixel array 200

-
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-6, 333, 205.to Rhodes. The discl osures of each of the
forgoing are hereby incorporated by reference herein

WQ H0pEB¢4 entirety. [0004] FIG 1 illustrates BCHUSWRA/028469
di agram of an exenplary i mager device 308 having a
pi xel array 200 with each pixel cell being constructed
as descri bed above. Pixel array 200 WD 2005/041304

[0004£CTI USRBOK {1RE84@9 a HlEk0dihgah(Gof dn é:_tdmplhgﬁhﬁfgeﬁdmwkos having
. . diagramof an exenplary inmager device -308 having a
a pixel a31aye} 0Qywithycaclp pixgl edll kcing constaictedhd déseiibed ebmat rRix¢ladray 200
.as _descr.i bed .above. Pixel array 200, conprises a
comprids 8 Ry GrpLPr S 8 AU RS OB ol TR rovs.
The pixfs L HNErhPI60 arel. h&ebs a?fthceébg% Ly Bérrh x%r\{ ?éf%ct line,
y a row sel ec

200 are all turred on at the sanme tine
and thelpixss of eautl dohempiaxeietecoibelp aaitp@dbirapaitoe Toheed balédtYines. A
. output by respective colum select lines. A plurality
plurality, pf yqytand golusnlines ara provided for she @atre asray 0. eBhé rew lines are

e AR T 0 Ao RN S b
columnélect TH& ar@b Qéléﬂmcfli'eicﬁ%tc!i 'bg%sco@\irﬁnstﬁiﬁf Ebﬁ%%sgorésbcl to n%olumn

activated by a colfum driver 260 I n response t

address alddodey2 e CBhiey; 2 23@. anBhuduma addvesaixbrooldedfoneldhgsifeli The
provided for each pixel. The CMOS imager i s operated
CMOS ypagerds pprsagg binerecemingoandeonttaliciesy 250 mdhchcenmtrals sddress

' e ders 220, 270. for sel ecting the .
decodeIRAER70 BERTTHRE16¢ dop i< Toal SrE PO IR Sqppipe reacour.
The conk6] §RB IO 4id EHikol? 8 Rlve nd LBILER dribd}si

CconcL:oI um driver ci rcu(i)t ry 210, ZGOhsucﬁn&%}ﬁcé{cgmis]go’ 260 SUCh_
that theapppply dirivirignplagks @oehs drivetthamsidtdry ef tiastidcsédrdv 8ifd t8imn
) Ti’iel gcted row and colum |ines. The pixel colum’ .
lines. Ideqpggl colupm signals,ovhish typiraily inglads aixed ireses signaldiVgnaind a pixel

. i.xel i i o] for .sel ed .
s sHAENY P BB e RO PR 01 88 i
with thesslesimiadce 260. hAtdieretialie W ce R00is fodiédeteaideAlntial

_.signal (V,,t - Vs;s) is produced by di fferenti al
amplifies 2Ri fbr eactppizelivdricle ssodigitized by winalolg tiosdigitgi donzeder375 (ADC).

nal og. to, di gital nverter 275 (ADC). . The analog to

The analpgfq gw‘g“@bﬁ?fgfrcftéf 235 S Rlss e dinifieschpiar e 19 secmage
process&¥ B8R hidtOfofhs b WBE@Eal image.

[0005] Pixels of conventional image sensors, such as a CMOS imager, employ a
photoconversion device as shown in FIG. 2. This photoconversion device may typically
include a photodiode 59 having a p-region 21 and n-region 23 in a p-substrate. The pixel
also includes a transfer transistor with associated gate 25, a floating diffusion region 16, and
a reset transistor with associated gate 29. Photons striking the surface of the photodiode
59 generate electrons which are collected in region 23. When the transfer gate is on, the
photon-generated electrons in region 23 are transferred to the floating diffusion region 16
as a result of the potential difference existing between the photodiode 59 and floating »
diffusion region 16. The charges are converted to voltage signals by a source follower

transistor (not shown). Prior to charge transfer, the floating diffusion region 16 is set to a

predetermined low charge state by turning on the reset transistor having gate 29 which
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processor 280 which forns a digital inmage. [0005]
Pi xel s of conventional inmage sensors, such as a CMOS
WO WY@1304enpl oy a phot oconversi on devi ce as SRERAKISA001/028469
FIG 2. This photoconversion device may typically
i ncl ude a phot odi ode 59 having a p-region 21 and
_ n-region 23 in a p-substrate. The pixel also includes
causes aedtfon $h @édgibﬁ 262 F1ow it tavo2@ge edate dofitdRed B a Source /drain 17.
. floating diffusion region 16, and a reset transistor
Regionyp b hrea§Ebinisulagdn gegienofor isflaingthegtixélk frog dhe asothkace
of the photodi ode 59 generate. electrons which are
[ in regio 3. n the transfer gate i s _on,
000§y, ThE 8 i kBl cBpiiior sherrage seat shggngpglc 3. The ful
’ : S » :
well ch BBl Bf i Bdl iy Be She SO LAMAR pdind D" and i
a functibhef plpbimdi pstents (3Rg) hhd phvegtiodd fefpd@ijtﬂ{tcr(({ghp MWen the
The charges- are converted to voltage signals by a
numbersefi flecarans|geamated repehesithe shargasepashpyiie piRtpdiode és saturated and

s 3B6HE BT B s, B A LS A5
transfertddSrdBSRE phbRSHbAL 99 HRNE REaGRL giﬂ%%iomc%gmzl &OThe floating

2005/ 041304 PCT/ US2004/ 028469 “ causes efectrons I n

diffusion eegion chérgeatdrhgevcapatity alsy bl ageustioncwlagbdiviidas theadhaded
. source/drajn 17. Regi ons 55 are STl insulation
region yndgr she heasting SEDaT i Hee bogompi petestizl Vg opecsantstarssct voltage of
_ e FIG 3 is.appotential diagr for the. imge .
the foalig difusd et o7 105 e i AR 16, oS pgtel Porential
8@ RRC ph¥rodiode 50 BROHBMHIAL8ifRRdrSrebibn! 1]
separe u%derpheadi%g " PD" angﬂ'ui%sJI a %‘unggﬁgni%%sqg@gféﬁﬁg%%rcsmmd by
the dottedtlimetin AIG( 3p A¥)a susdltptedteshisateve pacitegierodicdD)s9 to the
) m&‘rl],the .hunber of el ectrons generated reaches the
floating ¥en &gk 1Py, the photodiode is saturated and
cannot respond to any further photons. Cenerated
00078 ect l.ect ' i r from
o0 o BE P bl D LR Z ke BBl R ol RO R PERRRE Do ehe
charge thesfdrtaipto segiondl 6 fsusligiar fiegiton chae UehimMERUS ARAGPbint
al so has a saturation voltage, shown as the Shaded
where the gispansgrrgeches Kee regien hg samBtompeinh 6V 4, e/m Bt esgiomll6 saturation

point hn\ﬂ:\t)ss-ll:-ho:r gynra?nslg rr]etmsgcaofr dhe %Exey 8:'151 He atg]L[ity of the image sensor to capture

intra-scene intensity variations under certain light conditions.
SUMMARY OF THE INVENTION

[0008] Embodiments of the present invention provide a pixel of an image sensor

_ with a pinned floating diffusion region. The photodiode and pinned floating diffusion
region have different pinning potentials, thus allowing butput voltage to rise more slowly as
light intensity generates electrons which approach the saturation level of th_é_-ﬂdating o
diffusion region. As light intensity rises, the charge reaches the pmmng -poténtié.l of the -~
floating diffusion region and the output voltage/light intensity slope changes. The Ehangc

in slope of output voltage increases dynamic range.



the floating diffusion region 16. Wen the transfer

gate 25 is on, the barrier potential separating the
WO98Yd30Mde 59 and floating diffusion regi on IRCT/ES2004/028469

| onered, as represented by the dotted line in FIG 3.

As a result, electrons nove fromthe photodi ode 59 to

the floating diffusion region 16. [0007] As shown in

[0009Te aAadRoakl feh@redof thepredhPitie bl IELE appRofefrbaser’
on the charge transferred to region 16 is a linear

followirdigidethilahdedcription|laingdrawinge miichyillugtrate exbmppay ambogireemss of the
i .the response reaches the region 16 saturation point
IvenuQn/sAT) . The region 16 saturation point linits the
dynam c range of the pixel and the ability of the
I mage sens RANEREGS Y
Cvariati ons%% erﬁgggﬂg?g‘lﬁ%ﬁfg%ﬁi ons. S%NWRY CF
THE | NVENTI ON [ 0008] Enbodi nents of the present
[0010hventBIGN 1 s a\blokk diagharedf oéomentiongdmmgasdevicehdvinga pixel
pi nned floating diffusion region. The photodi ode and
array; pinned floating diffusion region have different
pi nni ng potentials, thus allow ng output voltage to
| se low y_as. .light jn It ner. :
o1} &2, FBIG 2k Lirostiesohd Yok SEEBRHdn BRTBLELEP 4 popyeptiona
image seh@ting diffusion region. As light intensity rises,
the charge reaches the pinning potential of the
floating diffusion region and the output voltage/light
[0012ht enEIGy3 & vpetcphahdjagramTfos thhpixgedepicted o FEGoR;
out put voltage increases dynamc range. 3 WO

05/ 041304 PCT/ 004/ 028469 [ 0009] Addi.ti onal . .
[001§Eoc IG5 H 4 BEpeBouie SRR LTENEIA é&&ﬂ%aﬁ#&w light signal
e .f ol l ow ng detail ed description and draw ngs
for thc%ieg%&)?ﬁl’ust rate exenpl ary enbodi nents of the
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010]

[0014] G FIGsS & dimosksatitiagalanew of a poomwenf 2 pixal of amgsage sensor

devi ce havipg a pixel. .
according to an embodiment gf ﬁlc invention;

[0015] FIG. 6 is a potential diagram for the pixel of FIG. 5;

[0016]  FIG. 7 is a graph showing output voltage as a function of input light signal
for the pixel of FIG. 5;

[0017] FIG. 8 shows a cross-sectional view of a portion of the FIG. 5 photodiode
during an initial stage of processing performed in accordance with a method of fabricating

the FIG. 5 embodiment of the invention;
[0018] FIG. 9 shows a stage of processing subscqucﬁt to that shown in FIG. 8; -
. tOOle FIG iQ_'sh0w§_é_$;§g¢_ of .proc.(.tssi_gg_subscqucm té tﬁgt silowniﬁ '-FI__G.:9.; :
[0020] . : FIG 171 ..S.hO.V.'VS a stagé of proccssmg _s.u.b;e:-quent-'.to'_. that Sh_oWn in FIG, '.1:0; -
[0021] FIG. 12 shows ;{ staigc éf pfdééssﬁlg ﬁqbscquent to. that shown in FIG. 11;

. :



array; [0011]] FIG 2 is a cross-sectional view of a
portion of a pixel of a conventional inage sensor;

WO HOYOI3@ G 3 is a potential diagramfor the RGTE$2004/028469
depicted in FIG 2; [0013] FIG 4 is a graph show ng
out put voltage as a function of input |ight signal
for the FIG 2 pixel; [0014] FIG 5 is a

[002Z} osSFE@C13 shivads vireye of pravceminlg) subsefueht pb Xigdt shbwann FIG. 12;
i mage sensor according to an enbodi ment of the
invention; [0015] FIG 6 is a potential diagramfor

[0023he pFiei 14shawsa cogss-sqegond]view af a portiom ofja pisel shamimage

~ _output voltage as,a.functi of inpput |ight signal
sensor {Epiing K pIGHEL ARPPAIMERt Gf 3 HveBReS g shows a
cross-sectional view of a portion of the FIG 5

[00240t ORI QAEs isApdtBAARidgHarhi Bl IR B cenfrAFeETel. Ng;
performed in accordance with a nmethod of fabricating
the FIG 5 enbodi nent of the invention; [0018] FIG 9

[0025howsFEG st@iyer piteptiad chapgamdos asthgu embodonektatccstiavg to the
.in-FIG 8; [0019] FIG 10. shows a stage of

inventighincessi ng subsequent to that shown in FIG 9: 10020]
FIG 11 shows a stage of processing subsequent to that

100260 CeEP 7 SsStemets Ui of Cofbesind Y En R 6ffig imager
constru2€edih O d@ddn RGHtARH 04 Hi2340%s efrfiirizhefrsGf tAd pEdieiSin@ention.

stage of processing subsequent to that shown in FIG
12; . [0023]. FI G 14 shows a cross-sectional view of

a portioR EL RS GRIGHONLIE THRSBYVEREI AN ng to
anot her enbodi nent of the invention; [0024] FIG 15 is

[00273] pot ﬂ&icafloﬂg\izvﬁ%r gcrpaiﬁcq désprei‘ptijgrlla, Creréite rn%fdc %c|> %c elecAé;ompanying
drawings, which form a part hereof and show 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. The
progression of processing steps described is exemplary of embodiments of the invention;
however, the sequence of steps is not limited to that set forth herein and may be changed

as is known in the art, with the exception of steps necessarily occurring in a certain order.

[0028] The terms “wafer” and “substrate,” as used herein, are to be understood as
including silicon, silicon-on-insulator (SOT) or silicon-on-sapphire (SOS) technology,
doped and undoped semiconductors, epitaxial layers of silicon supported by a base -
semiconductor foundation, and other semiconductor structures. Furthermore, when

reference is made to'a “wafer” or “substrate” in the folld_wi_ng description, previous
proccssmg 's'tcps may have-been .uti]i_'zéd-to form regions, jﬁ_nctions, or materia_l layers in or

~ over the base sémicondu_ctor strqc_tﬂr_c or fdl_mdation. In addiﬁon, the scnﬁconducfor need-

not be silicon-based, but could be based on silicon-gérmaniu-rn, germanium, gallium

- arsenide or other semiconductors.



. [0025] FIG 16 is a potential diagramfor another
enbodi nent according to the invention; [0026] FIG 17
WO 200H04d3Hemat i ¢ di agram of a processi ng syst erRCT/US2004/028469
enpl oyi ng an i mager constructed in accordance with
any of the various enbodi nents of the present
i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
[002910027Th¢ rertth¥pikell swisad hdetinj tefas ees phopd-element unit cell
. reference is made to the acconpanying draw ngs, which
containing, ;:photoSPRVISEPR FEVigh OrstraveHingRRotens 19 prysleptiicabyignal. For
specyfic enbodi nents in which the.. inventi may..be.
purposclidf Mhueiasiot g MogleeRsrhratve Pilp e ety of formation ss
B ustr § i i 3 i o] . t i I . .
useacttd U gt IS ckpumnoRles Aoyl Bbeblinsl iy
of like gkt pricheds stmbrahaanlys Ineghe fellowinlg desetiptivrd thé&ivention is
.. Structural, logical, and electrical changes may be
describgehigerelgtiondgra GRS image: fos soRrTralensey howeyed, thedpeension has wider

I res . clpvention...The rogression af processin
applicatiil§ ' GREM of b Bt B ishiger BH e T8l o ERRSORT aiso
applicablO Y& Bh ioRp tsh%@?dﬁ [ CCD EnSRGUNRESr RIS ! BRF ﬂéwﬂx%‘d i
PP limted ?%utha set forth%rei n %nog?r’ay bg cha ge%aﬂed
descriptam issndertovae takert inea Hmitingsdrise,tandl thx segid afithefpraseapmvention is

necessarily occurring in a certain order. [0028] The
dCﬁnCdtOé‘%frEY' ?Rl’r"“dﬁﬁiﬁfaﬂ@ﬂbstrate, " as used herein, are to
be understood as- including silicon,
ilic o f i1 - QNn- hire .
1003 SR A EREHPAUBE: 6t B SRR Bed diode
floatingQIHfhAsh akgibAYeich flodsfids HoW cRAUBO Y fe€dvdY artd §BB&I at the floating
sem conduct or foundati on, and ot her sem conduct or

diffusios region e evderr the duramic eangehefran imefge semsoe. iTherdugéng stracture of
. “"wafer or "substrate" in the follow ng. description,
the pinngfiSHe HoarSy Al Ericeldhis SRl by Sonnged progtliods.
HowevdrOtHR piggk d il i Hagth ARNESSpil '
OWCV0\’/er 'l!tshe %ggoed sem ¢ nduc%lg{1 ré@?ﬁ&aﬁ%e or a?%%ﬂr}g)g?%%nnal (Venw)
from thanofudeighicrodiotib €V gy Buaguset\yy,, ieediffederit piftential than Vg, the
si | i con-based, but could be based on
output ¥oltaged\Yogel Hieh ity Ao farsraspions of differenn slepesfon caith By as shown in

FIG. 7 %r%%&m%?cr,nir? Pcrgggﬁstcotgspho?bdiodc charge before a saturation point is reached.

[0031] FIG. 5 illustrates a pixel sensor cell constructed in accordance with the first
embodiment. A photoconversion device 50 is ﬂlustraﬁi_vcly formed in a p-type substrate 60
which also has a more heavily doped p-type well 61. The photoconversion device 50 is
illustratively a photodiode and may be a p-n junction photodiode, a Schottky photodiode,
or any other suitable photodiode, but for exemplary purposes is discussed as a pinned p-n-p

photodiode with pin potential Vppy;.

[0032].  The exemplary pinned photodiode 50, as shown 1n FIG. 5, includes a p+
region 22 and an n-type region 24 associated with p-substrate 60. The remaining
structures shown in FIG. 5 include a transfer -’traxis_iéfo_r with';ass'-ociat_cd gate 26 and _a'r.csét '
transistor with associated gate 28. Shallow trench isolation (STT) fcgions 55, used for

jiéolaﬁpg pixcls, and source/drain regions 30 and 41 are also shown. A source follower
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WD 2005/ 041304 PCT/ US2004/ 028469 [0029] The term
“pi xel ," as used herein, refers to a photo-el enent
WO#03/04894  cont ai ni ng a phot oconver si on devi cePGTHS2004/028469
converting photons to an electrical signal. For
purposes of illustration, a single representative
pi xel and its manner of formation is illustrated in
transistoh 83 fand roesscéued teasiani B6iwith hsoeiard dgreserealsotivdidéd inythe pixel
fabrication of a plurality of like pixels proceeds
sensor %ﬁ'ml?l“f arfewsismatically shawnfrathes shambeing showniiw crosesectional view,

with o5 USR] S AR RS Bl S8 802 B o i
37. Al@4oRIghGABWN ihYFI® s Lalrtadisidfor S&TZEoﬁﬂ 6 “iiHP?ﬁfan fer
~devices, for exanple the invention is also app reani e
transistby the imienpioh cahape efudizECh arfagensistde (3T Hédtfgtratidlt without a
foll owing detailed description is not to be taken in
transfer fransigen Wherscths scgian4tip dirsetbipeousied reflpatingediffusion region 43,
. L.aoyent.ion.is..defined onl t he.appended cl ai ns.
and in l][)lﬁ%lgd‘jl £hA°'fh|CF big &SPy néﬁ%%& ic%ﬁggrg.pogshe i nventi on
provides a pinned diode floating diffusion region
[0038hi chAFBIEbWh @8 FIIGWS CHRMIAthE difeeby 8433t 0658 nfted as a
) the floating diffusion regiron to widen the dynamc
pinned dmr@peﬂmglﬂmge reginsorLheTpienetbdiody fktatingtdiffiesiof regibie 43 has a
.gi %Bed, di ode floating di gfusi on regionis simlar to
b+ regiem 0 Wihia f5rvReers drBeIer P 4010hehepflasng diffusion
: i [ j ff.usion i has, a,different pi
esion 43 PRERLRRY L) L0 BPLAPR R By oo o
create sE@eRitsEwMArE piSregiot 7 6f SitoBRIRB0 Rcate Adh MR & gb_’sitc side of
the output voltage (V rises in two linear })glons

transfergate)26f drimmghshiatprsseingial, enah ddRita¢tasgisha@ncanralsdb&forfed in n-
f.or exanple,.in response to photodi ode charge before a
ype regigp éﬁa&oi QVistsi arﬁ°‘?‘§g‘i”é‘5cfr?é’&%£[t86§ﬂa¢%m the fqrgs of Heerductive
plug. @ pixel sensor cell constructed in accordance with the
first enbodi nent. A photoconversion device 50 is
illustratively fornmed in a p-type substrate 60 which
[0034] so Aadisausyod ebéneq phbtodiogres0 pad yipedivek|(rdglons™®, 41) in floating

... photoconverSion deyice 50 is illustratively a
dlﬂ'usmg HESi08: AR Rhoad hays different pimpptentials ém optesito m'){)@de,dual slope
t i t her, sui tabl - )
ourpur FbHs (SEBOR LB Rn 1B 77 Rl RSP Frnscofube foatng
diffusio r@gioned @mbdmade higher than Vi, of the photodiode 50 by adjusting

implantation conditions such as angle and dosages.

[0035] Contact 27 is electrically connected through the n+ type region 42 to the
floating diffusion region 43. The n+ region 42 is formed through an after-contact etch-
implantation step, which reduces potential barriers. An optional storage capacitor 31 may
be connected to the pinned floating diffusion region 43 by way of contact 27. Storage
capacitor 31 has a first electrode 34 and a second electrode 32 with a dielectric layer
between the electrodes 32, 34. In this embodiment, contact,27 is 'cohnccfcd to a stofagc
capacipor 31 to increase t_hargc Stor:i_gc capacitance of floating diffusion region 43, however

. the image sensor may be formed without the storage capacitor 31,



phot odi ode with pin potential VPINL. [0032] The
exenpl ary pinned photodi ode 50, as shown in FIG 5,
WO 90300dé¢ a p+ region 22 and an n-type regi orRCI4US2004/028469
" associated with p-substrate 60. The renaining
structures shown in FIG 5 include a transfer
transi-stor with. associated gate 26 and a reset
[0036]r ansReferringnict RIG.s6,ahe poeshthtiagefin oBhglitebvell c@meucted in
I sol at i onﬁéSTl) regions 55, used for_ isolating _ )
accordapee gnth thg AdGs Suamalodiment of ey igenton hadng capaction Bl ds depicted.

h . foll 6 MO 2005/ Q4130 :
FIG. 7 B es B uin6h noten  URrd Alptolor Birah e
transi stor 35 with associ ated gates are al so incl uded
[00377n t hEI@i & HowsS@RIAse WhRkde th® wésc@o&tasg%h@{ggaﬂgﬁsl@cﬂ 86 HEAMAring

rat her than being shown in a cross-section Vi ew,
- diffusioniregion lequals e pixof suppdy valvags &lgodn tleamsds 8D of 3spdebngl. Asa
onnected with a colum readout line 37. Although i
result, aficp et andklen ghe, Sapstar gata d6ils tyned omancoheiteanster igate barrier

. Wi: f ' [ J |
porcl e T 105 s ARG R e
electrod? 34 ARd8d Bic pdraied sdpatiie!oF floRfing @brPfgich 48T §%ehYvhen

' cougl ed to floating diffusion regron 43, and in
Vi is piagbed; eldautenstabserfiaw ghtie ¢ntmnsosige arqaumtssed by pinned diode of

floating iR PR §-EIPR s HSFAPISLRIGhe 490 Or brare iARCE pretdued by the pinned
diode, GBRERIHLEIRC R pOMr &) § LUTHER dreR@Rred SBalle 0T 4o

within n-type region 41. The p+ type region 40 of the

[0038] oatAnghowi UBI®IT, o @@ Sopdhdrge Pradifer eldiryceb @Rt Produced,
.. adjacent and bel ow the sidewall of transfer gate 26 so
which cggtrags withethe 16 dngraply fod 2 tonvieatipaalrisggoser®@r.ofThe conventional
od | ocated on the o '

. hot odi pde 5 osite side o
image s dgaches a oot posiiRons Akl alier 4ne ligfarsloresemEIG. 4),
while the§kbr42GE 8B lieg 8 tOSAPEpdraiAe ringRe widdi
pr%gj\(/i de a good ohmc csont actgpt 0 c%rrn ct 2%9(;!%{%% OF&ur%VOhagc
slopes. &f the fhammiohgadiffusion p¢gign po@diti] isAess dhacWsgedV ahafier transfer of the
phot odi ode 50, angjﬂguh,e di ode (regions 40, 41) in
charge gardessitq Sshc floating sion region, as may be the case in‘a low light situation,
the pixel of the FIG. 5 acts much like the pixel of FIG. 2, having an output voltage
function that rises at a linear slope with increasing light intensity, as shown in FIG. 4.
However, if the floating diffusion region potential reaches a value greater than Vﬁx - Vone
as may be the case with higher light intensities, the slope of the output voltage function is
lowered, allowing a higher light intensity change to be received before the floating

diffusion region saturates, at V.

[0039] FIG. 7 also shows the operating situation under conditions of three different
pixel supply voltages which aré applied at electrode 32 of the capacitor 31 to produce
- diﬂ'ércnt pixel saturation levels. Vpy,, Vo and Ve rcprcsent different (decreasing)
__voltagcs fo_r _Vpﬁ&- As Vpy is lox%vacd_-, S_o_' too is the pixel saturation voltage.. In all cases of
. VPb(A’ Vs and Ve, the pi;ﬁ_ic& diodc"ﬂéaﬁhg dequlon f¢gib;i-43_ alloﬁ?s réécipf of more

charge at the diffusion region 43 before saturation is reached and the output voltage of the



di ffusion region 43 should have different pin
potentials in order to obtain dual slope output
WOZ90%Y4da04f uncti on depicted in FIG 7. In this PCI/US2004/028469

enbodi nent, V,"J"'2 of the floating diffusion region
43 can be nade hi gher thanVPINI of the photodi ode 50
by adjusting inplantation conditions such as angle

pixel, takno ofitSeaig, diffifidh]regiont4s; ha?@vo sssetieesdrsiemds fyr accumulated
connected through the n+ type region 42 to the

- chargest | oating diffusion region 43. The n+ region 42 is

formed through an after-cont act etch- inplantation

' t |
O ST T N TN
pinned QlRtAd¥hingi diffisibe @c%@ﬁ '4<3nat4)§r19ﬁ{s M@gfchff fSRMARGE Fof - éonvcmencc

St or age capaC|tor 1 has a first electrode 34 an
the samg econsdeciend vieseoB3RIG § s wilttied ie FIGE c8138yfor thdetseaen

t he el ectrode ?}?2 34. In thls enbodi nent, contact 27
dCSC“P"il‘%:[1 S8 Eé?‘é‘&cg AV B é@ﬂfléqor%amtf@tlﬂhéﬂe

ing diffus '
pinncd ﬁﬁfrﬁ%%%fo%%&gfoﬁ@%@%g@ R
bstratéi 60N Gidkvelbrcic S AREHE RRAfdL iflan3 well Q
eI US20041 028469 [0036] Referring o %%Q&B&Eﬁc and other
structurgp pretalsel bediimgr dirsothasyliswete Gblab shows in EiGed, isformed. In this

accordance th the FIG 5 nbodlgrent of the |nvent| on
cxemplafy ST SHOFEHE Od1is pP-Bimsisticen substrate on Wiy gateatacks 15 and

19 e RV B95EAURESE LI GRTT BBy egns 55w s

formed.r Ehetp-yPletvrdes Visal formed Hefork 02 afikPiel 08madbh b sbLRion
region equals the pixel supply voltage VPj x on

regions 5I5@éldrgﬂdé stagksok5 ea@a i tIhe pvellad lalplamsmhy be abhducted so that the
ixel ar fﬁlr@ﬂ %,her_] t he tr nsf er gYeilre]( 26 t|ls tu ed on and
pixel arfay 3 8¢ p PyPE PSHP 'F’é(rlog‘ﬁ P05 PhGER ), SYhls il gontain logic
ircuits forQRrtdling H¥lp ONEY DYt I !
ClrcmtsfI ow first"to Délélecltsa olgﬁebcm a%g\t dgﬁﬁ‘%gxbgjrggm 1&8% Hthe art,
mulnpl&:h@oartcag}cmpiﬁnn‘s Imayt bargsedi dof taiddrothe Gﬁl@ﬂ)f‘%ﬁc p @?BW&HQﬂ

VPIN2 is reached, electrons al so fI ow to the

t or gge area creat ed by pi nned di ode of floating

(004 |ff3§ honolpgnargiens Spasause wreleqacallydsalatgmagions of the

substratE WHFE E)Bf%f EeR WA 1258 RYq ! HEe xsoleﬂ:lon regions 55 can be formed by any
known tcchmquc such as thermal oxidation of the underlymg silicon in a LOCOS process,

-or by etching trenches and filling them with oxide in an STI (shallow trench isolation)
process. Following formation of isolation regions 55 if the p-type well 61 has not yet been

formed, it may then be formed by masked implantation to produce the p-type well 61.

[0042] FI1G. 8 shows an exemplary embodiment with gate stacks 15, 19 for a
transfer transistor and a reset transistor, respectively. Transfer gate stack 15, and reset gate
stack 19 can be formgd by well-known methods, ¢.g., blanket deposition of gate oxide,
doped polysilicon, deposition of metal for a silicide, annealing to form a silicide, then

'pattermng and etching. Thc mventlon is not hrmtcd to a particular rncthod of formmg
 transistor gatc stacks 15, 19. Transfer gatc stack 15 is lllustrauvcly shown as spanning a

| boundary of p-well 61, but could also be completely over p- “well 61.
9



di ode, output voltage rises nore .sI owy as a function
of transferred charge. [0038] As shown in FIG 7, a
WO 85/418e charge transfer characteristic is PRGRIUS201/028469
whi ch contrasts with the FIG 4 graph for a
conventional inmage sensor. The conventional inmage
sensor reaches a saturation point nore quickly after
e | ifedf e Bion 4aPof fihfrd Adaring\RiffiBidnhRgiin£3 isfiso formed b
[OO4ETG -gﬁhas icr-s oand %eﬂéond operating ranggs- Wi th Y
ion impladtheiog i netyippopwuntss gBustsitop s FIGS 9t Bemildrtyg fomged n-type
~diffusion re(gi on potential_is |less than VPjx - Vp N2
source Adraisy regiamsGrrectsor RewndRHGe O aFon GemnlYY PP PIcHAEFIRgS 30 are
di,f f ysi on reqi on,, as he se in I l.i.ght .
n+ dopgitapd et ity o Bte Al e 88 Syt sl dpl b eions
30 byiBh’iﬁﬁ)lﬂtatﬂl@ 2, having an output voltage function
that “rises at a linear slope with increasing |ight

‘intensity, as shown in FIG 4. However, if the
[004#] oat FiiG. dDfshowis ae forgiatonpdiperegmin 4G dotred alogakaansfer gate

reater. than VPI X - \PI as may be the case wi.th, .
stack 1RjagreyithinghiyReRegIRg: %ﬁé@?ﬁ?ﬁ?@@%&é #n ligéle JRaign 40 is p+
vol,t.age. function 4. O} ' '
dopea HEPUEERHRRLACI 8 gl BUERELL (AHMAB RGNS il sack 10
In this @hifdéEment regioart Gaidiseguendly fYEAId nf-@838Ict Mgfon 42 (FIG. 5)

al so shows the operating Situation under conditions of
shouldttiersepamdidd @icbnot asooiated sigpoye wmothayeBegionci? infermed later after

appljed at el ectrode 32 of the capacitor 31 to produc
formatigis pArEARETHAK o 58 SV ERIARE BHFUlsoBIIENer o ormpBpR@fipgract 27
PXc..r - d r sing) voltages for Vp
thro‘lg.}{ eftc@%ﬁ%f%&ﬁl%{wge%é’d‘;ﬁ E%uggctﬁggﬂ?‘g' t he pi xel saturation
voltage. In all cases of VP M3 VPm and VPI Xc, the
[004Bi] nneEId). adslihbeatd ingplshthfios of pinredi photddiodk I50having p-type
_ receipt of nore charge at the diffusion region 43
regmnt?@f@wcgn_ SIRUFRIOD A% RegrnsHernshef PhebY c Yd Rrcaigplyted by

the ,8 WO 2005/ 041304 PCT, 2004/ 4 ' :
any masPBar YR Ry T P QE A O DS R A S CRAD P orkesigh s and
could §% ﬁﬂﬁn&‘@iﬁn%@@éi’ﬁlﬁt@ﬁs’.? Sbmé padcaame the @t cabibesBrar8dégicted in FIG. 9
show one exenpl ary net hod of form ng a pixel sensor
and soae dfteni tAftea formation of regions, 40, 22 and 24, gate stack sidewall insulators
70, 71 are formed on the sides of the gate stacks 15, 19, respectively, using conventional
techniques to form transistors with associated gates 26, 28. Gate stack sidewall insulators

* are also formed on other remaining gate stacks not shown in FIG. 11.

[0046] Conventional processing methods may be used to form insulating, shielding,
and metallization layers to connect gate lines and make other connections to the pixel cells.
For example, the entire surface may be covered with a passivation layer 88 of, for example,
silicon dioxide, BSG, PSG, or BPSG, which is CMP planarized and etched to provide
contact holes, which are then metallized to provide contacts. FIG. 12 shows the formation
of passivation layer 88 of BPSG and a contact opening therein to ﬂgating diffusion region
43.

10



pi nned di ode floating diffusion region 43 at various
f formation. For convenience, the sane
Wo?rbg%@?ssogct ional viewof FIG 5 is utilized i nPEI/E82004/028469
8-13 for the ensuing description, so the source
foll ower and row sel ect transistors are not .
. illustrated. The pinned floating diffusion region 43
[004%] | | Béedezreirred opening rddrind arcgionet? issfbrmedavithih yhe n-type
) afaétrafe 60; however it ma aLs% be fornmed in an
region §1\Ry)3n ¢tph-amplantation step 2 shewn ip §lGodRe Forsxemplagy pyrposes,

: e e [ t trate 60, as:shown |n .
region {7 By B R Bt & (b S Pt B region
41 to peo¥aE kR d6shrhi @rRadey Pt irkEioRN 514 hsiplAled QR 0 is & i

. <Pgate s?%%ks 15 and 19 arerf%%ned. Ap-well’ 6L is = ormed in
- the corftartmpdning. hRegiphel Sislvonnadted 60 cohswat AFiaad loegednithibregion 41,

. are als formed. The p-type wel] 61 nmay be forned ‘

but is spearaed femnddrot aseo B EdEttho angdoes Soz iftsrfererwigh ahsragion 40. A

The.p-wal | 61 i npl.ant
orae 00 3 L 00l R Bl BRI Ber 5 o
anothePsirffe pREALPREEYLIRNE 60WS! theiidRh ke BAMh thihikC !'Céé\q'nlchﬁonal layers

contain logic circuits for controlling the pix
of conductang anHdusilatiors magatsodepisad tpinferdamectehekstimures) thtennect
.art, I'tiple high energy inplants may be used to '
the pixglLpo] RAIPIERl GOV O BOTest b SR HSED thoHTijomFhet.
isolation regions 55 are used to electrically isolate
gi on f i C s.will. Dbe .
(0045991 01! 14 o2 dRBICR bV AT EmpBLtELaSch? illchiioR® 1y chis

I solation reglons can

embodkheny) Fﬁ—&@@l@hc&m of pkhisdibie AdRtin® Wifi@idPR o¥n 15 8urrounds n+
_ . underlying silicon in a LOCOS process, or. by etching

region ¢2ehuhdecsarmt dxictrid imgo tthe ppmidrhofncigten 4 uadeSHe reset transistor gate
hal | ow trench isol ati ocess. Foll ow ng

28. DRI o AP RS0 FAOTBr FLG1 BACOSS 1 aEiRR B0ty en nesion 42 are
not scp@ilatk SR bn¥ Ghofifeen Rcfg%ﬂ@ of this %ﬁc%&ﬁ@npﬁgro?i%gd RY extend

masked i nplantation to produce the p-typé
beyond fHeAR}rrdth@dg8 ofipeveegim €X'anph gt eNREMIBD exitnkh if#8ttBe n-type
. stacks 15, 19 for a _transfer transistor and a reset :
region pf pilegidpde floaprg diffusion regiaméber gate stack 15, and
reset gate stack 19 can be formed by well-known

- tho . | anket deposjti.on of gate gxide, . . . -

[004ggpedd%r§ I P)e/r Siay ggé)rnf,%na]énp%gll C{)?%ho%'@%tsggwpdil%gcg ﬁ#i‘%?‘f}'él,ar to the
processhtRal IfBIGS §-QBMrdchSthkifslciingl kiRl rEEd Dgc%’q‘&? 40'is -
. etching. The invention is not lTimted to a particular
implantegh sushl thét it oxtrindg over a greater portion of floating diffusion region 45 and n+
region 42 is implanted into n-type region 41. The embodiment shown in FIG. 14 has a
modified potential diagram, compared with that of FIG. 5, as shown in FIG. 15.
Additional storage capacitance (aC) is added when the p+ region 40’ surrounds the n+

region 42 and the n+ region 42 has contact with-the n-type region 41, the p+ region 40’

and the contact 27. The embodiment of FIG. 14 may also include or omit a capacitor
31, shown in FIG. 5,

[0050] FIG. 15 shows a potential diagram for the embodiment of FIG. 14. Because
p+ region 40' surrounds n+ region 42, capacitance of the pinned diode is increased, as

shown by AC. As a result, even without an external capacitor, Vi, is reached more slowly.

11



transi stor gate stacks 15, 19. Transfer gate stack 15

is illustratively shown as spanning a boundary of
WORMR0413%1  but coul d al so be conpl etely over BCE(E$2004/028469

61. 9 WD 2005/ 041304 PCTI US2004/ 028469 [0043] The

n-type region 41 of pinned floating diffusion region

43 is also forned by ion inplantation of n-type

[0058PPantihe cAdrgde! cliggrﬁahﬁéﬁFIG:.ﬂl Fbfaits Any Shikige @a%amaﬁ@ AR6ciared with
n-type source/drain regions 30 are also shown in FIG
an extefnal Eapacivoe spdtaasycapacipursdls (FIGe §i) and chargerstorage regipe CAP in FIG.
e substrate

d be f d | yi K .th
6. FICHAG 9oprbe PRETBLRMEEI 98 Uy FIG s FREPADSHy BHE Opsing an
IG 10 t i i f + i
e e T e
region 20%in0the 4XG. 1RCEBBYdibRNFIcBEpardd WitH ithel g+ rEleh @0 #Ght FIG. 5
p+ .doped in this enbodinment and is not extended to

embodirhentdaarbeetcadidgsaen lyf carepaingyelGS.diSaakd 16.  In this
enbodi nent, region 40 and subsequently formed n+

oS58 5 T8 245 S o0 B SRS g s0
v S0 AR OR B ERCSPE DR RO 01SELY 08,

constnifeirCiccbrdinas with oty of e vafdosceabedinhaltovt tHe(GAd&]tion. System
~FIG 11 illustrates inplantation of pinned photodiode
300 ingodesraprargssor BPRdavingy emtab peardssing ypis (C@&f)dhagmmmumcates

. Regi . 22 d .24 t odi.ode,50 inplanted b .
with vagis CRTIRGURVR AT JU L NOMEY 3 Sty COROSIEA e By A4 provide
commudlcdd¥ f80hha Yk AP 1B Q5655 380%n ﬁ@g&;ﬂo_ ut M'ANE&Acd 806 and

several steps, sone preceding the fabrication state

imagerQRpicet308 ird ckhiGpled of silch sanmualdadon dibicey. Odidraddvivas odnnected
regions, 40, 22 and 24, gate stack sidewall insulators
to the brgs 394 pspade gramety oilusatlyigsluging peangion agiespsmpsy (RAM)

19, . res tively, usin vent i i quUes, .
510,18 AR SEEL LS oSSR D S0P e
drive 3343%id &Intieaaldiski (TG dhie $16.2THe Angger! RNVIRB0B MY Beonstructed as

remai ni ng gate stacks not shown in FIG 11. .
shown in FIG. 1 but with the pixel array 200 having the characteristics of an embodiment
- of the invention such as those described above in connection with Figures 5-16. The
imager device 308 may receive control or other data from CPU 302 or other components

of system 300. The imager device 308 may, in turn, provide signals defining images to

processor 302 for image processing, or other image handling operations.

[0053] The invention has been described in terms of a floating diffusion region with
a pinned diode, but other structures to provide a change in slope of output voltage as light
intensity rises will be within the scope of the invention. Also, the invention has been
described in relation to electron transfer, but could also be applied to transfer of holes to a

depletion photodiode.

o [0054] | The processes and devices described above illuStrat¢ fﬁrcfcrrcd methods and
ty?ical devices of many that could be used and produced. The above désc:iption and
drawings illustrate embodiments, which achieve the objects, features, and advantages of the

12



[ 0046] Conventional processing nmethods may be used to
forminsulating, shielding, and netallization |ayers
WO 90¥etdlct gate |ines and make ot her connect i RGIBU$2004/028469
the pixel cells. For exanple, the entire surface nay
be covered with a passivation |ayer 88 of, for
exanple, silicon dioxide, BSG PSG or BPSG which is
presentG¥veti G At #RdeANis flct M@ nHed BER\he Brioitt idGéndi}l BS strictly limited
which are then netallized to provide contacts. FIG 12
to the shuvesddstuiebddbamailiustratedfenplasdimeats. otnyt apeifi@8ons, tBOEEh presently

and a contact opening therein to floating.diffusion
unforegegallgnof ti@.prwnw‘@eggpchatmwmhw@m@m gope of the

followiy s Qb oclFERRLORE pF B bl g o' "

etch-inplantation step as shown in FIG 13. For

exenpl ary purposes, region 42 is doped n+ type and is
doped at a hi gher concentration than the n-type region
41 to provide a good ohmic contact. After region 42 is
i npl anted, contact 27 is forned in the contact

openi ng. Region 42 is connected to contact 27 and

| ocated within region 41, but is separated from and
not associated wth, and does not interfere with, p+
region 40. A storage capacitor 31 (FIG 9) may be
optionally forned over the passivation |ayer 88 or at
anot her surface portion of substrate 60 by nethods
known in the art. Conventional |ayers of conductors
and insulators may al so be used to interconnect the
structures, to connect the pixel to periphera
circuitry and to protect the circuitry fromthe
environment. [0048] FIG 14 shows anot her pixel cel
enbodi nent of the invention. In this enbodinent, p+
region 40" of pinned diode floating diffusion region
45 surrounds n+ region 42, but does not extend into
the portion of region 41 under the reset transistor
gate 28. Unlike the enbodi nent shown in FIG 5 above,
p+ region 40' and n+ region 42 are not separated from
one anot her. Region 42 of this enbodinment is
positioned to extend -

13
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20

beyond the bottom edge of p+ region 40" such that n+

region 42 extends into the n-type region of pinned LLOYD WISE

di ode floating diffusion region 45. [0049] The process
for form ng the enbodi nent shown in FIG 14 is simlar
to the process shown in FIG34 8-13, with the

foll owi ng exceptions. The p+ region 40" is inplanted
such that it extends over a greater portion of

€laoas:i ng di ffusion region 45 and n+ region 42 is

i nmpl anted into n-type region 41. The enbodi nent shown
in FIG 14 has a nodified potential diagram conpared
with that of FIG 5, as shown in FIG 15. Additional

Bt Or ag§)icARa ot 2AE BorthARing:s added when the p+ region
40" surrounds the n+ Tregion 42 and the n+ region 42

has ¢ | - ion 41, the p+ region

40' a%gsbt%ﬁéte\ggg%?lz{%{k%ﬁyét% t%‘%’godi ment of FIG 14 may
also include or.omt.a capacitor 31, shown in Flcf‘l .5,

[ 00507 PRYRSOPYEISIGRNRE 1% %Bﬁ’éﬁﬂgaﬁ regioR Y AP Y qapductivity type
enbodi ment of FI G, 14. Because., p+ region 40
WitPingihgubsirateagd i ving a BspapningruesRlt he pi nned

di ode-is increased, as shown by 1.C. As a result, even

wi t houthaage ediestipmregieptoe ir¢osiving/dpaTgdsdrone asid potpoerversion
slowmy. 11 WO 2005/041304 PCTI US2004/ 028469 [0051]
ddvéces beid gardé agliertivn fegidriTondfrisinyg 4 segidry ofdaid fist conductivity type
capaci tance associated with an external capacitor such
;ﬂsaani‘%@tCélltrPaEe 3ta ‘élzéé& 0290 i PO o FES IR ViR 139@ ah®85ARg $8Fcond
I n Fl 6. FIG e

shows the potential” diagramof th

ifiobo AP MERGn sebse Rl b PPien i € e SRR p1 o

the larger, p+ region 40" in the FIG 14 enbodi nent
B‘&H‘gﬁ‘&rpé’gveh the p+ region 40 in the FIG 5

enbodi ment can be readily seen by conparing FIGS. 15
and 16. [0052] FIG 17 shows a processor system 300,

whi ch includes an i mager device 308 having the

2ver alhe piaaf segsorateil ancatdimgad ebhirnn fettier comprisings trimsfer

pi xel s of array 200

transistor for transferring charge from said photoconversion device to said charge

collection region.

3. The pixel sensor cell according to claim 1, wherein said charge collection region

is a floating diffusion region.

4, The pixel sensor cell according to claim 1, wherein said photoconversion device

is a photodiode.
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20

constructed in accordance with any of the various
enbodi nents of the invention. System 300 includes a

processor 302 having a central processing unit (CPU) LLOYD WISE

that comuni cates w th various devices over a bus

304. Some of the devices connected to the bus 304

provide communication into and out of the system 300;

an input/output (1/0O device 306 and i mager device
R08 aflee pixelmphes cell asaocding oncleim &.avhayeindeii oherge cGtlémion region
devi ces connected to the bus 304 provide nenory,
ishvhithsit b addivebysdid fitsddominceve apdom access nenory (RAM

310, hard drive 312, and one or nore peripheral nenory

devi ces such as a floppy disk drive 314 and conpact

disk (CD) drive 316. The inmager device 308 may be

onst . i . i . i . .
B r 2y B00% 50 isor SPR Mokl Lot Biincbip il Dl hection region
of the invention.such as_;gpse des%rib d .above /i n .
CUPRILES BB A-TWPT FFeiTy i bt B g Tegin qrrﬂséal Bfidd-uygg resion.
may receive control or other data from CPU 302 or

ot her conponents of system 300. The inager device 308

may, in turn, provide signals defining inages to
pr oce¥hopix8iRnfaicell aeepadipg oz dsisn Agfurtber empersingwget type region
handl i ng operations. [0053] The invention has been
d,ﬁﬁmgiaheﬁiéy'ﬁe regions of a floating diffusion region with

a pinned diode, but other structures to provide a

change in slope of output voltage as light intensity

rises wll be within the scope of the invention. Al so,

he invention has heen .described in relation.to _ . .
8 et P PoeEitor@eetBEoraBERG gy, blelsfy g P s resion and said
transfer, of holes to a deple%ion photodi?de. [ 0054] .
Th&/RSITE&ien SESSCRAIHNOE ©8° AR, MeriPArbigy &1 5aifl iy pategion.
preferred nmethods and typical devices of nany that
could be used and produced. The above description and
draw ngs illustrate enbodi nents, which achieve the
8bj ecThe pixebdens@scell ancbrdidg antlaipe 3, wheretinesaldpWQ@pe region
2005/ 041304 PCT/ US2004/ 028469 present invention.

ERYRINAE saihtnﬁ t§pé_1t&tgédrmsﬁadlerctyﬁmtgidmt@fde@gemo s ARy peORgion.
e

be strictly I'im

10.  The pixel sensor cell according to claim 7, wherein said n+ type region is

associated with a contact.

11.  The pixel sensor cell according to claim 6, wherein said p+ type region is

located adjacent to a transfer transistor gate.

12.  The pixel sensor cell according to claim 6, wherein said p+ type region does not

contact a reset transistor gate channel region.
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to the above-described and illustrated enbodi nents.
Any nodi fications, though presently unforeseeable, of

the present invention that come within the spirit and LLOYDWISE

scope of the follow ng clains should be considered
part of the present invention!® 13 LLOYD WSE 14
Clains: 1. A pixel sensor cell conprising: a

bstrate aof a first copductivity type; 5 a.
Fhot obBrwsrseir el pegraisigdim i spdntiae an sxtearl
conductivity t within said substrate and having a
?qpﬁglforﬁphﬂli%bo %g‘f%tﬁtrgea?qlféﬁt‘%hr&%’@- col I ection region
for receiving charges from sai d photoconversi on
devi ce, said charge collection region conprising a
region of said first conductivity type at an upper
Bur f adeixel senspegillosonyfriss®i d second conductivity type
and having a second 10 pinning potential, wherein said
seconglpiotoconversfoatderideal is different fromsaid first
pi nning potential. 2. The pixel sensor cell according
to cl @bﬁﬁrée SNl rep IOl RIcBir éhﬁ@r%§ F8n said ?ﬁlﬁb@otn%rsion
for transferring charge fromsai d photoconversion

[.CE,: i .15 ction region. 3. The
%]&zégl’ gasf{la gg%gé g%lﬁmé% ge&“’gﬂ Cnoggéri)s?né' aiml, wherein said
charge.col.lection region is a floati di.ff usi on .
r ogi oSS AOBEd rogn o F il condusfiviny PP ERsPeiiing Sheress ip seid
1, wherein said photoconversion device is a .
E,I%@m,vg@@_n davesepa weogrd doped region of a second conductivity type

associated with said first doped region and a third doped region of said first
conductivity type associated with said first doped region; and

a transfer transistor for transferring charge from said photoconversion device to
said charge collection region and wherein said second doped region and first doped
region form a diode and said second doped region is adjacent a gate of said transfer

transistor.
15.  The pixel sensor cell according to claim 14, wherein said photoconversion
device is a photodiode and has a first pinning potential (Vppy), and said charge

collection region has a second pinning potential (Vpn2) different from (Vpni).

16. The pixel sensor cell according to claim 15, wherein Vppy, is greater than Vp;.
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15 5. The pixel sensor cell according to claima1,
wherein said charge collection region is within a
region of said first conductive type. 6. The pixe
sensor cell according to claim1, wherein said charge
collection region 5 conprise® an n-type region, wth
a p+ type region forned within said n-type region. 7.
The pi xel sensor cell according to claim®6, further
1donprTheipixel aenspr-callgseondingi torglaimi lthivhersiai sdichthindgioped region is
region. 10 8. The pi xel sensor cell according to claim
ithplantel with addgltbr etopantpencagiation afidaid dirsk copdudtivdty type than said
region are separated from one another by a portion of
58 dbpBd kodien bEGiidbharfe collketipn wglonsensor cel | according
to claim7, wherein said p+ type region surrounds
said n+ type region, said n+ type regi on extendi ng
into said n-type region. 15 10. The pi xel sensor cel
cordin | ai i B..Sa] + { regqi §.S:
B cocf s Re 57 s et B1cJaiBRE Wi 04 KRELOolliion
accor di to i.m 6, wherein said p+ type region is
‘E@OPG%%Hgﬂnﬁﬁﬁéﬁ%ﬂ?r%%?%itransfer transi stor gate. 12.
The pi xel sensor cell according to claim®6, wherein
said p+ type region does not contact a reset
transi stor gate channel region. LLOYD WSE 16 13. The

LLOYD WISE

- I8 xel Tiegrisarsensek kelhawordingiy dla@nmcl4giwhetgin faid phetoconversion

conprising an external capacitor coupled to said

dRedea pAblodiddeon region. 14. A pixel sensor cell
conprising: 5 a photoconversion device;

20.  The pixel sensor cell according to claim 19, wherein said photodiode is a

pinned photodiode.

21.  The pixel sensor cell according to claim 14, wherein said second doped region is

doped p+.

22.  The pixel sensor cell according to claim 14, further comprising a storage

capacitor connected to said third doped region.

23. The pixel sensor cell according to claim 22, wherein said storage capacitor is

connected to said third doped region via a contact.

24.  The pixel sensor cell according to claim 23, wherein said contact is a low ohmic

contact.
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a charge collection region for receiving charges from
sai d phot oconversion device, said charge collection

regi on conprising: a first doped region of a first LLOYD wise

conductivity type for receiving charges fromsaid
phot oconversi on device, a seddnd doped region of a
second conductivity type 10 associated with said first
doped region and a third doped region of said first
conductivity type associated with said first doped
region; and a transfer transistor for transferring
Xshar gehefpixehsemsiot! c¢lhadcorimmy @rddinnl 40 ewhiersn taid ssaind doped region
charge col | ection region and wherein said second doped
dn@%hRNhad Aobbd fdgisiPMeEepdr@@H Front OhdhmotHEs ea pmtoﬁ 3 6hid first
second doped region is adjacent a gate of sa
15 transistor. 15. The pixel sensor ceI

(%ggﬁ%&%b to claim 14, wherein said photoconversion
device is a photodi ode and has a first pinning
potential (VPfNl), and said charge col l ection region
has a_second pinnihg potenti (VP1 dif eren fro

ZovPI NiBE biye] Sesor ag) Aq5psdng ©& ’6‘r 4c@prel EﬁCﬁg dgped Tegion
claim 15, wherein VPIN2 is greater than VprNi. LLOYD
sureEnds faid thirdriepegi regions smé ohirtdopedaegiondixipgding istoadaid first
14, wherein said third doped region is inplanted with
dopad géggon.dopant concentration of said first
conductivity type than said first doped region of
said charge collection region. 5 18. The pi xel sensor
cell according to claim14, wherein said charge

| ection ' oating diffusion region. 19.

&iﬁe <! See%?%%ag%%rﬁp c%r ding to claim14, wherein

sald t oconyer.sion .devjice is a hotodlode
eP su%strate of a first conductivity type; P

a photoconversion device;

a charge collection region that receives charge from the photoconversion
device and, in response, provides an output signal representing incident light on the
photoconversion device, said charge collection region having at least two output signal
versus received charge characteristics, said two characteristics having respective output
signal slopes; and the second slope rising at a lower rate than the first slope,

said charge collection region comprising a region of said first conductivity type

at an upper surface of a region of a second conductivity type.

' 28.  The pixel sensor cell according to claim 27, wherein said output signal is a

voltage signal.
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10 20. The pixel sensor cell according to claim19,
wherein said photodiode is a pinned photodi ode. 21.
The pi xel sensor cell according to claim 14, wherein
sai d second doped region is 15 doped p+. 22. The LLOYD WiISE
pi xel sensor cell according ti® claim 14, further
conprising a storage capacitor connected to said
third doped region. 20 23. The pi xel sensor cel
28ccorAlping! sanser esllmepordingrterciim Hfurther compgisingspiueisiesr
Is connected to said third doped region via a
temBisRE for Béhsfefting phargd fremnsanl plosddoneasiondienige tosad aharge
23, wherein said contact is a |ow ohmc contact.
(bhngHW5§gn 18 25. The pixel sensor cell according to
clai m 14, wherein said second doped region and said
third doped region are separated from one another by a
portion of said first doped region. 5 26. The pi xe

e cel accordin
Foped el (LB akfag o i 47 RAE Rk SEERR
third d on extendlng |nto sald first doped
TFEgn&h? g 1 TF BB &% ensor cel | conprising: a
substrate of a first conductivity type; a

phot oconversi on device; a charge collection region
that receives charge fromthe photoconversion
31.  The pixel sensor cell according to claim 27, wherein said photoconversion

device is a photodiode.

32.  The pixel sensor cell according to claim 31, wherein said photodiode is a pinned
photodiode.
33.  The pixel sensor cell according to claim 27, wherein said charge collection region

is within a region of said first conductive type.

34. The pixel sensor cell according to claim 27, wherein said charge collection
region comprises an n-type region, with a p+ type region formed within said n-type

region.

35. The pixel sensor cell according to claim 34, further comprising an n+ type region

within said n-type region.



10

15

20

devi ce and, in response, provides an output signa
representing incident light on the 15 photoconversion
devi ce, said charge collection region having at | east LLOYD wisg
two out put signal versus received charge

characteristics, said two ch&oacteristics having
respective output signal slopes; and the second sl ope
rising at a lower rate than the first slope, said

Yhar deheqokélsensoopelt aggouting wrhaiinsd hgvhgraie gdidn+dypesgeipn and
first conductivity type at an upper surface of a
saRigpotyperegors excaeparated dront dbne dnotliey bg.a [ROti@Bof Shien{typeakgion.
sensor cell according to claim 27, wherein said output
signal is a voltage signal. LLOYD WSE 19 29. A

pi xel sensor cell according to claim27 further

FOMPIR }ﬁ)gel Qedsh ALk a%EordHr%\a;Q tlasth g5, \L%reihrsglﬂsﬂﬁ{ygg ion

charge from sal d phot ocornversi on device to sal"d charge

collectio ion.. 5 30, The pixel sensor .cell. .
o A 06 e RoB e e g e A AR g fesion
region is a floating diffusion region. 31. The pixe
sensor cell according to claim 27, wherein said

phot oconversi on device is a photodiode. 10 32. The
18 xel Theapisedsensor kelhacsordingiy damal SamieRin sajihet &ipe regipg is
phot odi ode is a pinned photodiode. 33. The pixe
seogaed osthla wamor.di ng to claim?27, wherein said charge
collection region 15 is within a region of said first
conductive type. 34. The pixel sensor cell according

to claim 27, wherein said charge collection

39. The pixel sensor cell according to claim 34, wherein said p+ type region is
located adjacent to a transfer transistor gate.

|
40.  The pixel sensor cell according to claim 34, wherein said p+ type region does not

contact a reset transistor gate channel region.

41.  The pixel sensor cell according to claim 27, further comprising an external

capacitor coupled to said charge collection region.

42. A processing system comprising:

a processor; and

an imager coupled to said processor, having pixel sensor cells in a substrate of a
first conductivity type, wherein each pixel sensor cell comprises;

a photoconversion device comprising a region of a second conductivity type

within said substrate and having a first pinning potential;
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region conprises an n-type region, with a p+ type

region formed within said n-type region. 20 35. The

pi xel sensor cell according to claim 34, further LLOYD WISE
conprising an n+ type region wthin said n-type

region. LLOYD WSE 20 36. The pixel sensor cel

according to claim 35, wherein said nt type region and
said p+ type region are separated from one anot her by

a pora ¢hargeodolleetiah regiopder reegjivimg.chaig@s fiomesapl pelto®emersion
cell according to claim35, wherein said p+ type
de®iPeOshidclsdigd eollvdbors AdgtbnconprBihgr@Eion of Said dirst-cohy@eivity type
region extending into said n-type region. 38. The

Ria¥ SbpSNEAEe 5] JegRRASHINGCIHE BhMAWRD ’tyﬁ@'ﬁﬁﬂaom %' sdcond
n+ type region is associated wth a contact.

g LSRRG Lo SRSROLANNG oo flAl iy 65 £

on 15 acent rans

t.r ansi st or. gﬁ%ﬁ 40. The pi xel sensor cell accordlng
RIBNIRE RPiFNHEal erein said p+ type region does not
contact a reset transjstor gate channel region. 15 41.
The p"rIS@@FiO‘stéfrh%rt COBIPHISHIRCD 1efAshef O WPBY BRUFHDI. furt her
conprising an external capacitor coupled to said
charge collection region. 42. A processing system
conprising: 20 a processor; and an inager coupled to

43 d PhoSsREDiccolNg klfinkad, wirr&®Eaid €hdrge télledtion region is a
substrate of a first conductivity type, wherein each

Bbatfly SRASON repfld. conpri ses;

44.  The system according to claim 42, further comprising a storage capacitor

coupled to said charge collection region.
45,  The system according to claim 42, wherein said imager is a CMOS imager.

46. An imager integrated circuit comprising:

a doped layer formed in a substrate of a first conductivity type;

an array of pixel sensor cells formed in said doped layer, wherein each pixel
sensor cell comprises a charge collection region and a photoconversion device;

said photoconversion device having a first pinning potential (Vpini),

said charge collection region for receiving charges from said photoconversion
device and having a second pinning potential (Vpin2) wherein (Vpn2) is greater than
(Vemi), said charge collection region comprising a region of said first conductivity type

at an upper surface of a region of a second conductivity type; and
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a phot oconversi on device conprising a region of a
second conductivity type wthin said substrate and
having a first pinning potential; LLOYD WSE 21 a
charge collection region for receiving charges from
sai d photoconversi on device,22said charge coll ection
region conprising a region of said first conductivity
type at an upper surface of a region of said second
conduct sighalyprogepsingpideuitay forged is said mebstrpieranid pigctrically
potential, wherein said second pinning potential is
dbinhéctgdemotthé aany Sairdediving tand ppicessingpigel @gdalatepraanctig an
readout circuit conprising at |east an output
iha@B b QiRE- by4Be afd afY S8 PP FARDY slitpet da felpPdsBhifiel said image.
wherein said charge collection regionis a floating

di ffusion region. 10 44. The system according to claim
42, further conprising a storage capacitor coupled to

id.charge collection.regjon., 45. The syst . ..
IF cor Thetgties seartines kit MheER w9 Rty qllsctonyggion is
i mager. 15 46, An inmager integrated circuit
Retine idiffusion 122WBped | ayer formed in a substrate of a
first conductivity type; an array of pixel sensor
cells forned in said doped | ayer, wherein each pixe
sensor cell conprises a charge collection region and a
480t OTivieNgst adtotting aeclainD4G dudhgrivompeicingarssirage chpudicr
having a first pinning potential (V PIN O, said charge
&RbkﬁQBbQHcB&%bQGU&ﬁbnE%ﬁ&iV'ng_ChafgeS fromsaid
phot oconversi on devi ce and having a second pi nni ng
potential (VPLIN2) wherein (VPLN2) is greater than

49.  The imager according to claim 46, wherein said imager is a CMOS imager.

50.  Animager comprising:

a substrate of a first conductivity type;

at least one pixel sensor cell comprising a photoconversion device comprising a

region of a second conductivity type within said substrate;

a charge collection region for receiving charges from said photoconversion

device, said charge collection region comprising a region of said first conductivity type

over at least a portion of a region of said second conductivity type,

said charge collection region having a diode that receives charge from at
least one photoconversion device and, in response, provides an output signal
representing incident light on said at least one photoconversion device, said charge

collection region having at least two output signal versus received charge

LLOYD WISE
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(Vp[ NO, said charge collection region conprising a
region of said first conductivity type at an upper
surface of a region of a second conductivity type; and
LLOYD WSE 22 signal processing circuitry fornmed in
said substrate and el ectrical2by connected to the
array for receiving and processing pixel signals
representing an inmage acquired by the array and for
qhaceiedistigs, saidpwo cliatagteriefiesdweintg mfjrss angut sraga slapesnd a second
The i mager according to claim46, wherein said charge
asputeidnabsiopE Fesprctively anfll oati ng di f fusi on region. 48.
The i mager according to claim46, further conprising a
st or age HeaRasnd QlitpuCOstll S pt Pismiad a thREdateGRA Bt firSMoutput
region. 10 49. The imager according to claim 46,
A l@k csaid imger is a CMXS imager. 50. An inager
conprising: a substrate of a first conductivity type;
15 at | east one pixel sensor cell conprising a
phot oconversi on device conprising a region of a
second conductivity type within said substrate; a . .
Thar gEhecisrageradearing g dHMF Wk Wheresh said ghargapefisstion frgion is a
sai d photoconversion device, said charge collection
flexging i fficsngr iegiomg a regi on of said first conductivity
type over at |least a portion of a region of said
second conductivity type, 20 said charge collection
regi on having a di ode that receives charge from at
$east TGN PRPLQGANNE 5418 S8 15ReiAREd inAgérds RRAS@e coupled
provi des an output Signal representing Incident |ight

. Sai t. | east one photoconversion device, said
@‘%FSEQH@SFPgé%ion regi on having at | east two out put
si gnal versus received charge

LLOYD WISE

53. A method of forming a pixel sensor cell comprising:

forming a pixel sensor cell within a substrate of a first conductivity type,
said pixel sensor cell having a photoconversion device having a first pinning potential
(Vemn);

forming a charge collection region for receiving charges from said
photoconversion device, said charge collection region having a second pinning
potential (Vpinz), wherein (Vp,) is different from Ve, said charge collection region
comprising a region of said first conductivity type at an upper surface of a region of a

second conductivity type.

54. The method according to claim 53, further comprising forming a transfer
transistor for transferring charge from said photoconversion device to said charge

collection region.
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LLOYD WSE 23 characteristics, said two

characteristics having a first output signal slope and LLOYD WISE

a second output signal slope, respectively, and the
second out put signal slope rising at a |lower rate than
the first output signal sloma. 5 51. The inmager
according to claim50, wherein said charge collection
region is a floating diffusion region. 52. The imger
according to claimb50, wherein said imager is a charge
coupled 10 device (CCD) imager. 53. A nethod of

$50r m Tige ethbd atcosding o cladh b3 oolgp¢in Shidghafgecoiléwion region is a
pi xel sensor cell wthin a substrate of a first
tomdp et fiwidnrebiope, said pixel sensor cell having a
phot oconversi on device having a first pinning
potential 15 (Vp 1); formng a charge collection
region for receiving charges fron1said

ot agconver si.on d char. ction reg
vt LY AR oETAR DT et SO IRBRoh e E R e is o
(VPIh%% is different fromVPIN, said charge
Son region conprising a region of said first
conductivity type at an upper surface of a region of a
20 second conductivity type. 54. The nethod according
to claim53, further conprising formng a transfer

§7 ansTisd @ethb@acédraingfte chimgecwasgm daidphaaddhversion device is a
phot oconversi on device to said charge collection

PiRRdPPhotbdieYD W SE

58.  The method according to claim 53, wherein said charge collection region is

within a region of said first conductivity type.

59.  The method according to claim 53, wherein said charge collection device

comprises an n-type region, with a p+ type region formed within said n-type region.

60.  The method according to claim 59, further comprising an n+ type region within

said n-type region.

61.  The method according to claim 60, wherein said n+ type region is associated

with a contact.

62.  The method according to claim 60, wherein said n+ type region and said p+ type

region are separated from one another by a portion of said n-type region.
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24 55. The nmethod according to claimb53, wherein said
charge collection region is a floating diffusion

region. 5 56. The nmethod according to claimb53, LLOYD WISE

wher ei n sai d photoconversion device is a photodi ode.
57. The nethod according to cisai m 56, wherein said

phot oconversi on device is a pinned photodi ode. 10 58.
The net hod according to claim53, wherein said charge
collection regionis wthin a region of said first
conductivity type. 59. The nethod according to claim
63, Wikt micthod accbrdingngelaonioDeehdrein sdiRMvi-CE pd begiopurt A/ds said
an n-type region, with a p+ type region forned within
gatyheRediyRSalEEH @fpe refiln ctRBIMBLMOaRCEYRIrBE0A 0 Claim
59, further conprising an n+ type region within said
n-type region. 20 61. The nethod according to claim
60, wherein said n+ type region is associated wth a

nt act | . . The net hod, acegrdj ng to. clai m 60, wherein
887 o The v PiGrTREIRG-BEPE Shetyisaidy SyPh frupb R Todidy
separated frqom one another by a portion of said n-type
?fggﬁeaht.o 3 eHPEST\WaBRStop8al§3. The net hod according to
cl ai m 60, wherein said p+ type region surrounds said
n+ type region, said n+ type region extending into
said n-type region. 5 64. The nethod according to
63.ai NTEOmetod mecordingitel claim 59 pehdreigisaid pistybe egfi@tdoes not contact
adj acent to a transfer transistor gate.

a reset transistor gate channel region.

66.  The method according to claim 53, further comprising forming an external

capacitor coupled to said charge collection region.

67. A method of forming a pixel sensor cell comprising:

forming said pixel sensor cell having a photoconversion device and a charge
collection region, said charge collection region having a first doped region of a first
conductivity type:

forming a second doped region associated with said charge collection region
having a second conductivity type;

forming a contact connected to said charge collection region; and

etch implanting a third doped region having said first conductivity type

under said contact and associated with said charge collection region.
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65. The nethod according to claim59, wherein said p+
type region does not contact a reset transistor gate

channel region. 10 66. The nethod according to claim LLOYD WISE

53, further conprising form ng an external capacitor
coupled to said charge col |l eion region. 67. A nmethod
of formng a pixel sensor cell conprising: 15 form ng
sai d pi xel sensor cell having a photoconversion device
@nd allehacded acairimgttd chhimediveiereiasnid miotacgaversion device is a
col l ection region having a first doped region of a
pHotSdiodeCamddas b ifisttpindiy@poteditl (V pig) ) 3aid eli@izchasle p&dnd pinning
regi on associated with said charge collection region
Wtiﬁg(t\%m&ﬁ&ﬁe&nm&ﬂwp.w ty type; 20 forming a

contact connected to said charge collection region;

and etch inplanting a third doped region having said
first conductivity type under said contact and

sociated w,th said char col | ecti on regjon. OYD
G R o T I S
sai d phot oconversion device is a photodi ode and has a
first pinning potential (V PFNi) said diode has a
second pinning potential (VPLIN2) different from
T0/PI Nlhe mSthed acairdingso eladm £7 ovregéin gaiddhied dppadargion is implanted
wherein VPIN2 is greater than VPINI. 70. The nethod

@B iy dbpart kandenbrdtinhef idfisatshdubiividy Gpp echnrsagl fost doped
is inmplanted wi th a higher dopant concentration of

t%gio‘iil d‘fisﬁﬁltchﬁf%%%&t}’dnt%%ito}ipe than said first doped
r of sal I

gl on charge ¢ ection region. 10

71.  The method according to claim 67 wherein said charge collection region is a

floating diffusion region.

72.  The method according to claim 67 wherein said photoconversion device is a

photodiode.

73. . The method according to claim 72 wherein said photodiode is a pinned

photodiode.

'74.  The method according to claim 67 wherein said second doped region is doped

pt.

75.  The method according to claim 67 further comprising a storage capacitor

connected to said third doped region.
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71. The nethod according to claim67 wherein said

charge collection region is a floating diffusion

region. 72. The nethod according to claim67 wherein LLOYD WISE
sai d photoconversion device is a 15 photodi ode. 73. -

The nmet hod according to claim772 wherein said

phot odi ode is a pinned photodiode. 20 74. The net hod
according to claim67 wherein said second doped region

is doped p+. 75. The nmethod according to claim&67

further conprising a storage capacitor connected to

#ai d Tk mdthdd pecbrdimgitovlairh 7OWheWiblaidAtordge capheitoras bathected
according to claim75 wherein said storage capacitor
foSsakiORR8 bpel relponsAh d chiaéd doped region via a

contact. 5 77. The nmethod according to claim?75

wherein said contact is a | ow ohmc contact. 78. The

nmet hod according to claim 67 mherein said second doped

gi 0 re s8nar ted f
oﬁe gﬁ% gth%g agcorélglg l%urg%gw e%‘, @ Foxatg aga c;vga*uglc htact.
10 79. The net hod accordlng to cIa|n167 mhereln sai d

second doped region surrounds said third doped

region, said third doped reglon extending into said
78 r st T]@jq)pjléthodraégqrémg to claim 67 wherein said second doped region and said

third doped region are separated from one another by a portion of said first doped

region.

79. The method according to claim 67 wherein said second doped region surrounds
said third doped region, said third doped region extending into said first doped

region.



