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D. ~: ~ CURR ENT REDUCT_NG GUARD RING BACKGROUND OF T:~E | ~~1TI ONl 7 QAR pZi}2
(1) FielgoQ % 488 | nvention The present ~r.ver.tion genera]lL&y,, l,ates to
phot o det ecting sem conductor structures. More particul arly, e pr esent
invention relates to photodi odes built using nodern state-of-the-art
conplinentary netal oxide sem conductor (CMOS) fabrication pro es. (2)
Backcrround Info. oration F. key conponent of imaging systens ngmﬂmmm
phot odi ode detector--a device used to detect incident photons W
light that originate froman object that has an image to be capt uredissThe
phot odi ode is e:rposed to incident |ight which travels through WMWW

transparent o~:ide isol ilicon

t hereof that may i ncl udgg'éﬁp 4\&\&% trﬁ%ﬁ%&@hg&%ﬁ%ﬂ“‘i junction II//IM
reverse biased, a depleti OBACKG 215 5 EJTAON el ect ron- hol €G6¢eaey S
are generat e{:ijdbotnh insid nd utS| dent he depl etion region in response to
i nci dent pho ﬁ%ﬁéﬂﬁ%ﬁ%gl ng onto the transparent oxide

i solation layer. Tie phdengensiaitérebeattahiNor £l Padd ScArghsBeept away by
di ffusion and drift mechani sns and collected in the de Ietl n regl on,

t her eby i nddi5y & h &F&?ﬂ? - reﬁgéggh‘t‘fﬁﬁ 1VE)OTE‘U & ¥rmage to
whi ch the pmﬁa)dmmrwa&reoqm@d rRlsicgai tbcahd:ccﬁcam&ﬁs d:m’ltlltl lrstingg to a
sensitivity of K £ n ci dent
phot ons as p055| lﬂD@IT e%;kgntsk%t |a$t %QHFEEMeBQ% fa%dé”%ea?&slr%f %ec?ed in par
by dark cur redusich (@GHe Ié‘r?(?&ﬁtatépnrﬁv@?éés%’i as di ode | eakage current
induced in the phaiodiodea e midhiegphot odi ode is in the dark, i.a.,
current that is not induced by Ilght Dark - 1 0 ~ MAR 2002 1~' O

991 17380 PCT/ Li SFs/Mey (conqordiry ¢t JTIpast FEEFYRS yi geharitt@fiigdean

interface bejsuda@itthe dhanspal-ent t'oS@Laét@nlrlx@%%n*a%éd&sd%m etion
region. The dark current causes noise in_the si ggal c&gnerat ed in response

to the exposireRe thehhdtdd (?&egthalthﬁfomEa% d5r% "@Gr ABnt  may

al so cause tzhﬁg’éi‘&dﬂlﬁe Barired.angeet phbeotieddceis dffayedss tare made to

m nim ze the dar urr.ent_ ther b redlici gg t he n0| se in the mgngl det ect ed
rave r

and orese~- \/]irhgl %" lel out” i a C raﬁge. PY9T & dEt 5 e Yo °déEFease the
amount of dardelanimntlayeretdeEree faenthent at @r$ scedretusanirra depl etion

| ayer and tr Np0 0. i o hrlhtsRY OF Ti-i E
| NVENTI ON A phot od?@éléﬁsglaé}r ol\?{&dle(élgl %hg ghg?ng(gl %)C(gj}g i ﬁg—lleurg‘gsﬁean |anul ative
region (IR 1%&@@7 Aol s g o el PgRESEhe? iR IRUGHN TRFLSROMEYI ode al so

includes a sybstdaies rea (E'I.é?:ftr%ﬂl-lhb&"e SQBQ§C£+é/ shdppeambea wel | region
of a second cond ct|vt¥$ ridewell formed ~:ithin the substrate,
I

beneath the ¥'R* QFE&EHB% T RE-Supst raP By a “Fi r st
surface. Theighiaisad qﬂmtfdrrst hﬁr wmlbaéeslghbeavmir)g_d@&dutroeglh@n (1-iDR) of
t he second conductl Vit hI R

y Lype Qrmaﬂ a first
posi tion. The $17¢t° sutrfacleaerrégts ﬁémH éf S kPI G %/é%era |Erst

posi ti on. electron-hole pairs are swept away by dlLru51on and

drift mechanisms and collected in the depletion region,
thereby inducing a photo current representing a portion
of the image to which the photodiode was exposed.

A significant factor contributing to a sensitivity
of a photodiode is its ability to capture as many
incident photons as possible. The sensitivity of the
photodiode 1is affected in part by dark current which is
the amount of reverse-bias diode leakage current induced
in the photodiode when the photodiode is in the dark,

i.e., current that is nriot induced by light. Dark
_1_



BRI EF DESCRI PTI ON OF T:?E DR-irl |1 NGS The features, aspects, and advantg&A
of the present invention will becone nore fully apparen~ fromthe f 817 @002

Det ai | eqdyPeseripti on, appended cl ai ns, and acconpanyi ng QE@WB@QﬁwLﬁ whi ch:
- 2 0 7 MAR 2002 CvO 99i 17380 P CT,'li S 9 S/ 1-t 0" _.t Figure 1

illustrates a cross-sectional

vi ew t hrough one enbodi nent of a phot odi ode

according to the present invention; Figure 2 illustrates a cross-sectional
vi ew t hrough one enbodi nent of a photodiode with a guard ring according to

t he present

invention; Figures 3a and 3b illustrate cross-sectional

t hrough two enbodi nents of the photodi ode according to the present

i nvention each having guard rings of different w dths;

Vi ews

Fi gures 4a and 4b

1ustrate ihesiand seond enbotl el s e Ahalodhegecgecording o the

present invention

1 gure 5a €S a Ccross séectrona

vi ew t hrough an

embodi ment @retpmvo&bméraeé@mmg 19 kate gy dsesr BRdehbfon with a netal

contact coup ekh%hﬁ&@glghgur@hébbééﬁlEﬂfﬁEdESc%ﬁs%éeHB£§éylﬁaﬂth
CMOS photodlo ccordi to.the present invention; and Figure 6

illustrates & FﬁpérF ferRnt STPOH DR TIRoEFPEERFEcPF et t hat
one enbodi meo tafdittkde pbolodhode meced vy daa i kerpeasentyi avest i on.

DETAI LED D~SCR%PTI 1rlndth§ follomﬁﬂg$descr|pt|
details are §&°% §ftth *F3 BP %

i nventi on.

RV

the noise in the signal detected and preserving the
readout dynamic range.

It is desirable to decrease the amount of dark
current generation at the interface between a depletion

layer and transparent isolation region of a photodiode.

SUMMARY OF THE INVENTION

A photodiode is provided. The photodiode includes
an insulative reglon (IR) that permits passage of light
therethrough. The photodiode also includes a substrate
region of a first conductivity type and a well region of
a second conductivity type. The well is formed within
the substrate, beneath the IR. The well is demarcated
from the substrate by a first surface. The photodiode
further includes a heavily doped region (HDR) of the
second conductivity type. The KDR is formed within the
IR at a first position. The first surface meets the HDR

at substantially the first position.

BRIEF DESCRIPTION QF THE DRAWINGS

The features, aspects, and advantages of the
present invention will become more fully apparent from
the following Detailed Description, appended claims, and

accompanying drawings in which:
-2 -
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. aneowen® tooménim8ze the dark current thereby reducing



Ol MAR 200Z ~i'o 99/~~3so PCT/Li S9S/ 1-t0' _~ having ordinary skill rdeg thﬁ
art shoul d recogni ze that the invention can be practiced wthout t eMA 2002
speci fi cwépfoahbiss. |n sone instances, well-known circuits,st{ et upes, and

t echni ques have not been shown in detail to not unnecessarily obscure the
present invention. Figure 1 illustrates a cross-sectional view through a

di ode photo receptor (hereinafter "photodi ode") 100. Photodi ode 100

i ncludes a sem conductor substrate 104. The substrate 104 has a N-well
region 106 forned therein. Furthernore, photodi ode 100 has a shallow trench
isolation (STlI) region 102. Wen a P-N junction, fornmed between the
substrate 104 and the ~~rell 106) is reverse biased, a depletion region 114
is forn~ed at a vicinity of a surface 116 demarcates the Nwell 106 from
the P-substrate 1047 Dark curtent s pa?f?%ﬁl%‘?cfylogréarreraeed at" Aif 1 nt er ~ace
bet ween t he &T¢ emkbdlapirdgt iadh ar egpondidde Biquedire STIthE)Driesenitder t han
the N-well 106,..am dnter~ace 124 between the depletion region 114 and STI
102 is formed at a bottom surface 118 or the STI 102. It has been found

t hat generation/reconbination of electron-hole pairs is increased at the
bottom surface 118 9$T% e SHUSHRLES BeFTeteds tHatotde BRI & B1OUHEr eased
gener at i on/ r egonéhved ifghato ft ke phetbamsartaae allfiaafd thiegSTI is caused by
damaged areas, exi stent _zﬁhther bottom surface of the trench and caused by a
process of efTHINY 1he ST SIERPFotBEE T erformed to obtain the shal | ow
trench. After the etching process takes place, residue) particularly.
carbon, is left afidimeedoizd agmdf3ht hélusenghe crosg-ged o2~ i\wG 9911i 380
PCT,'"~i S ~ . y 5 2kl ~ - -sectional view

t hr ough one ge}ﬁ%%%ﬁhrretn"% Bﬁ‘ﬂbéjaplﬁ%ﬁggi Sgetggéﬁéwt laoﬁ%%\%/:io?%ggpg region
220) accor di Hge tDr 2R\ Hricseastt logy 8ACH~BaAVIEh A WD FE @0 9fay be part of a
CMCS i mage sgnspsérdihatywimnde nade by way of a nodern silicon CrlGCS
fabrication process such as a process designed to fabricate

m croprocessors. Mreover, the ng i,mage_sensor_nay be part. of a CMOS
active pixel sensbtFRF7% % AT %0 RAGRATTACE het &Y .a}/"lfﬁrsteﬁc@f‘ﬁ]or e) the CMOS
active pixel esendonerars af rmayphoeodsedei accomnhietd in olid prasenragi ng syst em
such as a di %i%‘;%ktf&mara or a video device. Photodi ode 200 nuch in the sane
way as the enbodi nmeni’ of the photodi ode of Figure 1, includes a silicon
substrate region 204 that has a first conductivity type and a well region
206 formed in theF3FPFR oM stbStSTtERELSTReCHRFS F2% BiPdHas/ ®%econd

conduct i Vi t yr i ¥HEah | dh i Rhedi-nent pRbLddodd exaidrdilerld emedescr i bed
herein substrate regjon 204 |ncICHQes a P—té/cg)e silicon _substrate and wel |
i

regi on 200" PHEFEes W FRTYPe “Githi Bof®het | SO ShaN® (Mi&&RSCood t hat

t he enbodi nent of the present invention described herein may be as well

i npl enent ed wi t h Bidlatey pb silbiststatae eandnaeeypkamellaydutr arfe serthodi nent of
t he photodio or ¢l he presept | [ 1. .2 may be forned
by ion inpl aﬁrt?%?ﬂg%lné% r%ul{)ogrté%?e “5038%?%1%%&2% h%?)evr\}ej O-n’k%g’\?n processes for
maki ng a wel |l . Photodi ode 200 further includes electrically insulative

regi on (diel ectriE39992)6 t hetusFafk@snddrens i Bpe ofmR irmeqtadljored. aThi s
dielectric reghos ¢&s11ransnRatethatoihbghtepesis tdrineiRassage ehel i ght

therethrough. Dielectric regjon 202 ~s forned by - 5
9 photodioée accoéﬁing to the present %%vention.

In the following description, numerous specific
details are set forth to provide a thorough

understanding of the present invention. However, one

-3 -



0 7 MAR 2D02 1VO 99117350 PCT/US9S/1-i0'" _'-t etching a shallow trengh 3@
the top of the substrate. ‘The shallow trench is then filled <<~ith X R 2002
(Si02) Lbekgby,formng a shallow trench isolation (STIl) E?/%Eé)sﬂ46$4hoc~rn in
hashed | i nes t%at forman acute angle with respect to a hor't zont al

direction). Shallow trenches and processes of making of these trenches are
well-rnown to persons skilled in the art. The shallow trench has a width

(in a horizontal direction) larger than a width (in a horizontal direction)

of N-well 200" thereby covering N-well region 206. N-well 206 is defined by
N-wel | surface 216 that demarcates (separates) N-well 206 from P-substrate
204. teen the Newell and the P-substrate are reverse biased, a diode
depletion region is forned acraoss ang near tFe féN junctjon. Modre '
speci fical | Y5V He i Fepietionr E§FoRT FsSPBHMEdE ey artd dtear surf ac

216 (first shefacentiwmt cdenmecarescicwal vi2B6utr oeselbspecaitia 204. After
applying & SOUIECl. I eMeragbias pllage,be, Lhepol odiode, a photo current
may be induced Tnh di ode depl étion region i4 I'n response to the transnmitted

| i ght incideucoindfe ST CRednaavedi hare obct heephshod ode ORI t he

present i nvention dgactded Ner @idcakaochachudesnhepyidy: daped regi on (HDR)
(hereinafte: referred to as "gquard ring") 220 fornmed_wthin STI 202 . HDR
220 has a secondftBHeRIct i VitUF HEATESNE BRASSI-HEECEPRRS Yib&Yi 1RFKsHed) Fi DR
220 is N+. Jheisdapghadfo thecgitard (hiefgid20caRY " PAYEo@IYde * Cl1@%ed- | oop type
of shape that separ telno%le. 202 in two regi oas: i nt er,nal reegislg) 203 and
external rediORC2OES 11 D& eMssdi feRETAERBAUFRGT t D 0P Pr " inventi on,
- 6 0 7 MR 200X wer 9904 Haso aPCFivE 1 39Bkyiao~a0STio20 has a rect angul ar
shape, |ntegpaletieol 0,208 ased Loctangubar shape, and,guard ring 220 has
an annul arrectangul ar shape as il lustrated in Figure escribed later in
this descriprée I5plgre cenbddilrenegspnt AB2photibel otle® 20 Wi-ed pr esent
invention, giahel bdbudtd dre fQLRG kB SOk 208 bYeel&hi nh@ pertion of the
STI 202 at and around a first_pqsition defined by dotted |ine 222. CGuard
ring 220 i sTEORNER TiRI9%e & GFed 95dPRi BRILeDar #4 rRgt PTG €% Ren subj ect ed
to the processiicy ¥ i Afazle Qnést aephtabbeshehbedvwrdlyl damed @uward ring
220. The first position 22 y be defined as the position where surface
216, that d%%r%a?‘ébssﬁ\ﬁ\tieﬁl 0%86 from substrate 204, woul d neet the bottom
surface 218 of theriSTu2@hthad guwartdcuilagl2generabeénat oamed within STI
202. Quard ring 220, IS &uis, frmRdsankhatosutigge. 2l6dmeets (intersects) a
bott om surface of the guard ring at a 0SI [ion SubSta. -~tia ly close to the
first posit$oce|tne ST il atsl @ideat chaar §hei Ngwebb 1@ fg¥hed in STI 202
SOd_t hat sur{acer 216 'r]lrﬁ@rb%&g}e%nt f&%e_?_%&b@&%!hf @é@it@:fm i{}@ AHBIE'T (rj' ng at 220
medi an posifjon, on_the guard ring. e_presence of 0 uard ring :
at the fi rs“%o‘s‘?ﬁ%’ﬂ‘,‘e &is & BP&IPBY Faﬁeﬁéﬁi on®29% %\%ei ?ngﬂf‘%ce with ST
202 at a | aterizds bt Rurdfdaaha2?2§eakbrextienpakc oyl mar 268 &fs opposed to the
bottomsurface 218 aof STI__202. .The guard rin L h es, the way the
depl eti on r%fg?%hr%%‘onl%(éjsalég’ntlasctm\%rfsﬁsgﬁeangggo}fg“#gedr‘ n%%%cgn of
depl etion reys ont 2d4e BRD | diterisl bedifyed 2R8totheheadd X2 is preferable
to term nation oo deRl&ld.Ont {60iARoAbIARE BADOL L O SUEL AGF AikEackecause
| ateral surface 228 has been determ ned to be cl eaner _

118 of the STI is caused by damaged areas, existent at

the bottom surface of the trench and caused by a process
of etching the STI. Such process is performed to obtain
the shallow trench. After the etching process takes
place, residue, particularly carbon, is left at the

bottom of the trench.



0 ~ MAn ~~~~~ wo 99nB8so Pcrws9s; ~.so~.~ (e. g., it includes Iess[filggﬁggmz
damage and resi due than bottom surface 218 of the STI). A cl eaner Até :
area, bet .depl etion region 214 and surface 228, caus -8 ;
generatﬁ%n ?gggﬁbination of holes and el ectrons at the iﬁ%%¢ %@%ﬂ%f t he
depletion region with the STI and thus | ess generation of dark current.

Mor eover, since the area of contact 224, at |ateral surface 228, is

i nversely proportional with the doping of guard ring 220, guard ring 220
causes a smaller area of contact between the depletion region 214 and the
STI, than in the case where the depletion region 214 intersects bottom
surface 218 of the STI. Guard ring 220 noves the depletion region away from
the bottom of the STl to the lateral surface 228 of the STI. Guard ring 220
causes a reducti GnSPASt RelAFBATHRERD M aCEOPRTIIRET A deFHetRBRYPRgi on and
the STl dueoche embbagnafe efvwelphsopdighe 200, Witdop hgakslhi gheednear the
surface. Th%%eggaez uaédcéiggnzzg cqﬂgrib%§§ﬁzggl%pq§c5ease of the dark
current in th enboﬁlhen? of ST ﬁ%d%od#%ﬁ%‘%ccor&iﬁg‘?o'the pr esent

i nvention. Phgirdsoda 200 Bayidbé usarate or BELSdokigenakngbewshabir ough
portions of e L t.,of e di BCLOrgiRg £ : sent

i nvention mﬁ%?ebgﬂgg§%g§%sw%¥ %ﬁeagﬁg%%g}gﬁgJare éﬁp_efégfgggfgﬁfe 3a of

t he enbodi NEAPCEREWALRRS2E YJuRFLCeThgiedidmed wiadthebssoatBat is smaller than
a wdth 3S2mtrbpeogdasdrsi Nnauefedher errodidmiy sinldgesteated hay Fbgure 3b.
An interface between %he depletion, region 314 and the Iateﬁal surface 328
of the STI PEZFaPhet FUPSAGuarsl FIfl WHTFHF mEPSwePan AEh<ASH (= | gur o
3a) than fornatgeaadtri nBunthérmotar gete @Mt 252 veFpguee 2bysoAccor di ngly,
the g _ JLor=as ~150.99/1 73s0. PcT,vS9s; ~ ==~ w.d he guard
ring the Ief%é?ytﬁgyaggﬁu%?dih%eé?%ﬁ%f%ﬁo?r%?éhﬂﬁnefﬁgﬁlpggf%%téfth t he STI
and the | essecht he dagkgttal epamgenerataed deumeviest area. 67l ~uil a
c~ider guard rings are preferable) due to the snaller interface at |atera

surface 328 of tgoShh)otiberwhdghich hen gud G XhdGydhe SRkl er is the optical
sensing area, .i.e., the_ internal region 303 of the STI. Accordingly, the

€
wi der the d&FROFFRGREI 8EstRRrRNREPEERAe i Jeifiss éd BOFIPABSs@nsitivity of
t he di ode i sineduaedubyerdoethegsoml i@ wpid aads edsirBg area. Therefore)
for any given_process, ap optimal_value may. be rmned.taking into
account thecs?é’% FERVIEY g}ﬁ%gt?fgga%r%e ur eegr\;’tonofzcb{%thgoﬁﬁg oé?og‘%? Fi gures 4a
and 4b il | ustilatenf snbstaade secDne wabbdiewivirs hefs @ phobodi ode according to
the present JoR¥eRLofcy The,guardh (400 Sloddin b TRAL pobEhgure 4a | s
substantially sim ar~¥o 'eﬂguard ring of the embodi nent described above.
The enbodi méAVestiPNgdrECAbPEAShEr Pot tSWRF YOT-UTEIAPAg2EA TREBYERE portion
405 Snd_ an %XTPE'E:?_%E BOLLESR §1g1§s;f@t‘!§\5/%{d st i%EtQON"‘iB@Mdiéé’ ggged g
guard ring, a_gate oxide guar i ng i S rmed between regions an
T05. A | agert BECHORYSLLECOR et bt 40K SRRTL i WeastRes, Chat foheed over
t he STI regiedibobehweaenct henhe nbessehc aivl @xd esmalescegibedis hédbiandayi03
respectively. The Layer of polysilicaon is,silicided. coupl ed,t o ground.
Not e t hat t%@ gflf%?% htef é%ee%ﬁthm ?ﬁ% *ﬂﬁkf?gg§%%g§eg$§dgag the gate
vol tage is &vp@ velis ahd ohe eebddvmentagef itheadiatiodaoderi ng operati on.

Thg depl ot ;%&c@gagggzké tREnbpatede ol ghy gualidy gakenay! ge regions. The

formed by ion implantation of substrate 204 or any other

well-known processes for making a well.

Photodiode 200 further includes electrically
insulative region (dielectric) 202, that is formed on
top of the N-well 206. This dielectric region 1is
transparent to light permitting passage of light

therethrough. Dielectric region 202 1s formed by
- 5 -



Fi' 0 99/1"380 PCT~' L~S9Si 1902.t gate-oxide region has high quality_to

sati sfy good MOSFET operation. Figure 5a illustrates a cross secti%ﬁaMAﬁi 2402
t hr ough di rent of photodi ode according to the pre ipvention with
a netal \@ggr?ﬁg%? 560. The N+ guard ring also plays the ro?gp@fsg’sgﬁ i'c cont act
to the photodi ode's well because the N+ region is conductive. The silicided
regi on 562, on top of the guard ring 520, is conductive too and is
typically coupled to a netal contact 560 that biases the photodi ode. The
metal contact 560 is coupled to a pixel node 618 that is shown hereinafter
in Figure 6. Figure 5b illustrates an exenplary |layout of a ChlCOS

phot odi ode according to the present invention illustrated in Figure 5. The
guard ring S20 surrountgs#:he i nner phot psensitiyve portion S03 of the '
phot odi ode. S THE R vl FRF et U deS e 2hoFEF ohCPi AF t B P RHF &St ted 1ine 512.
The netal coin¢ asita BE@v comngract Sid e+ fglaed witly &2034 ofsim@si ng t he

phot odi ode according to.the present invention. Figure 6 illustrates a

possi bl e i&%ﬁ%aﬁ?%ﬁ“&ﬁ %rﬁqaﬁ;&"nérgi}g?eﬁ%ﬁl%cﬁ% dS¥igtal canera
or a video ¢=viowe,imi hdskan acitriase tpexefosensoracedd ariglouivi 00 t hat

i ncludes o iment of 1 ~ho I 2 rdin he present

i nventi on. n%%%%?i t['\;% épilg%ll;s]og—lntsagr hgg%?gﬁ%spbeaﬁ% luoddeg:rlte(r?]m%le :0S active
pi xel sensRNArPEYCHIEs The natugiongisybeeast 6Oy ats ovdliclikadena cont rol
devi ce 607 goupled 19 dihe aLd ay, 6@2 apd a post processing device 609
coupled to both the array and to the control device 607. - 10 07 t~~~~~
2~~2 ~1'0 99/1"r380 PCTn,;S9S/ 1 aQ?.t The act~, Ve pi:~el sensor cell 600

i ncl udes a resetT}P?aﬁE?&%‘?’ BaPGhdeg SotiFEERf b WO THRAYE 616, The reset
transi st or dildese] @c) i Vetyer esairs aawptxel (Dode A& dmrA predet erm ned

voltage. ~rl:nen a I adpq%_ signal, s, asserted to. row scristch transistor
522, the SOUFEE 1ot bugr b1t b o useE o0kl Fase il & P e Do t age at

the pixel ndife. 618-wolhr(omige dedpnedebyylteed | rotr mam?)L6 Itheicdent | ght
causes pi Xeéexﬁ@ﬂ@a@%%’ gsé/z?elfa%es)t Q-GEOP ?blsCPv}cngﬂ-'sQ[b ra%'ee%gons

phot ogenerated 1 n t eP etion region of the ode. The phot odi'ode 602
accordi ng t¥heme-hr evll Rachtthen PrABPHEF AES take FRHaF SS9 My asrpl ai ned in

the foregoi Hgafbd Nd&sBet 1t NAGAlNVesetberba Odctdys AKX el @Rk as this
current is substantially reduced b

t he_above guard. ri expl ained in the
foregoi ng. T tH&' ot ¥oi r%orsﬁ)egé%ef:i)’{ééf%ﬁ, ' t'f?égi%\ﬂé?ﬁ i%g’lﬁﬁoﬁeen descri bed
W th referensgidio spefoimed emhadistentisnéaereoffadd 204 | (fiawever be evi dent

that vari ous, Ipdifj cald ons. A shanges san be fRAe dLharale mphout
departing fromthe broader spitit and scope of e 1nventionas 'set forth
in the appehifeglr cdrphslndhe spaEchi caveone apth e rewi Y/ge &ce theccordingly, to

be regarded,id: &85 bhd USE ritd Mg JatlBae hBanpa 1eslddLliveisease. Therefore,
the scope of the invention should be |limted only by the ap%ended clainms. -

e
11 0 7 |denletion ypEion 214 dimEgsSpense to the transmitte
light incident to the STI.

The embodiment of the photodiode 200 of the present
invention described herein also includes heavily doped
region (HDR) (hereinafter referred to as "guard ring”)
220 formed within STI 202 . HDR 220 has a second
conductivity type N, and since it is heavily doped, HDR
220 is N+. The shape of the guard ring 220 may have any
closed-loop type of shape that separate STI 202 in two
regions: internal region 203 and external region 205,

In one embodiment according to the present invention,

-6 -



1. A photodi ode conprising: an insulative region (IR) to permt passage of

| i ght therethrough; a substrate region of a first conductivity typel 7aMAR 002
regi on Qfo &,Semond conductivity type, formed within the ﬁg%ggsgg&@nd
beneath said IR, the well demarcated fromthe substrate by a first surface;
and a heavily doped region (HDR) of said second conductivity type, forned
wthin said IR at a first position, said first surface neeting said HDR at
substantially the first position. 2. The photodi ode of claim1 wherein said
heavily doped region is a guard ring including a diffusion formed within
said IR 3. The photodi ode of claim1 wherein said IR region has a
substantially circular form 4. The photodi ode of claim1l wherein said HDR
regi on has iall f 5.. The_nphot odi.ode Laim1

wher ei n sai %T??@%g%éna%]a%cggg‘%ggén%gﬁy lr%%?”é%&ultr%gjlgﬁlagg? @5% HDR

encl osi ng sai¥e¢rRrn®p.lahsheipet odhddeuatdct @ian B0 issr @inn agakdaEBR regi on

has a substaptighd.y) decdmngul-ar ;heoprbhkeaf of i firoThe gehetodigde of claim
1 wherein said HDOR includés a | ogp that separates said IR i1nto an internal

regi on surrb¥nfed byl FGI9R18AEn ext ernal region surrounding sai d HDR
8. The phot odi ode of claim7 wherein said external region has a | ateral
surface in contath onhé hertsodindbR. oF. thhepphoddibdee 0af ofl ahm 8 wherein a

depletion region forned in the well and strate, in.th ighpity of said
first surfades When Sart Sisstracs 5ﬁagv\zf‘¢) Hr gttor?veear sléld%t"g;faggg, t er mi nat es
at sai d | atley adtshirdace.poticfihefphbeo8Tdd20 dfaclamidmaZonwndrei n said | oop
has a first-w and. s dr n LE09i Nas. &-,5€Cc0o I, di.h,._a ratio of
said first gir(l\%gt_tég%onﬂ l\?c\nmdﬁ?léﬂ%lgﬁng&i n gtggnge deleszried&gl? i%g??and second
val ues. 11.23hel phrBtrbdda dhecraFRrY RPBREH s&'@rHADRINAckEBessa silici ded

top surfacesnd®. sdihfedtat adi @le phoekatmpd whergidlasak@ibR £g9i on includes
a shal | ow trgnch i sol ati on re%lFon. 13. ’_%'hejcrs)hot odi ode off,cl aim 1l wherein
sai d HDR haSP%2Hot ' dm S Pdce SPREE PHREPsBHIS & d fitsstEisSFface. 14. An

active pi xeposensan Y ayaycbrpriesiingd as phivd omed dtielneetereal |y responsi ve

to light exposure, said BRQtacelloioc! ydioo RNotadl adesthatel ncludes, a
substrate region of a first conductivity type; 12 r~~,~ ~~~2 an

i nsul ati ve 2@4i oreyIRmedtortngd batthinnsuhtacaibstd atfe theeSATLt BPAg passage of

light theretffouedd ring 220 not been formed within STI 202.
Guard ring 220 is thus formed so that surface 216 meets
(intersects) a bottom surface of the guard ring at a
position substantially close to the first position. It
is preferable that guard ring 220 is formed in STI 202
so that surface 216 intersects the bottom surface of the

guard ring at a median position on the guard ring.

The presence of N+ doped guard ring 220, at the
first position, causes depletion region 214 to interface
with STI 202 at a lateral inner surface 228 of external
reglion 205 as opposed to the bottom surface 218 of STI
202. The guard ring 220, thus, shapes the way the
depletion region 214 makes contact with the STI 202.
Termination of depletion region 214 onto lateral surface
228 of the STI 202 is preferable to termination of
depletion region 214 onto bottom surface 218, because

lateral surface 228 has been determined to be cleaner
- 7 -



a wel | region of a second conductivity type, formed within the subs r.ahe_) -
and beneath said IR, the well being demarcated fromthe substrate b (aMAR 20}

first sypfgelgoand a heavily doped region (HDR) of said §@§9§Q”g9qducti vity
type, formed wthin said IR at a first position, said first surface neeting

said HDR at substantially the first position and reset circuitry coupled to
sai d photodiode, to initialize the photodi ode; and read out circuitry,
coupled to the photodi ode, to read an electrical signal representation of
detected light. 15. A photodi ode conprising: a sem conductor substrate
region of a first conductivity type; an insulative region (IR), forned
within the substrate, permtting passage of |ight therethrough a

sem conduct I'l..region .of econd. conduct i vit yhe). fornmed within the
substrate aﬁe;l‘ énéat ﬁgléjaflg“lsR?e?ﬁegagﬁO%eér%{‘Ac%% e‘%‘ rr%rﬁ)ltq{%lee gﬁ’ﬁ?trate by a
first surfdeeitanduriacavicly dépeder8fion (HBR)eagfersaindesdeged conductivity
type, formega ! hidv.fakdabBr ceabd FDR sy opneldg g dddstogror ti on of said

IRto foama guard ring) said first surface intersecting sai'd HDR. 16. The
phot odi ode SFUSa%iYRSES SRASFEFACRAF BCEHURIRA F191y el et e8Said first
portion of s@ddtdRd amMeaeseaendrpeetéON1d S&hbdiRA halg i awnds said

first portign. The photodiode of claim1 rein said substrate and

wel 1) when tﬂ%‘?/é’fgre aﬁ)i%a§£‘ ° f6Pm geaﬁﬁre’t?rbnoge%%}gh THEHE vicinity of said

first surfatecediBer, Thenplkotbdi edeaods ctentrady 3ther eath lsaiettadepl eti on regi on

term nates at.a lateral .sur @895?& s@%%e%cocg}galpqu,-tghor&hel ook % phot odi ode
i d°H e 0t 1

of claim15 Wherei nsdi I'ncludes om'surface and saird first
surface neea’s Y HDRIaR28ai gupodt ot 1?3 dcausy artsmadi@rodirede of cl aim

19 wherein said{dd &t peiease chBt 8E5EEL Sosal &y RO 10M SIS age @fprsaid HDR at
a location substantially positioned near_a center of said bottom surface.

P
21. A phot dthgte- Tt o5 iCeSRgWhEr 8e @ ofeRIER BTOR IRt ¢ egi on of a first
conducti vi t ynteasc @ eltechr sealfhyei D58l &t i vee reemgion (IR), fornmed within
the substrate, permtting passage of |ight therethrough, said IR having a

first wwdth; a sem conduct ay. |l region.of second conductivity type,
formed within thc’guaslﬁé;srtllrill gzgn oblgﬁ’egtlﬁ %g?%:lg?ﬁ?n sar cf/\r}eIE’[W‘-‘H'av"ll"rﬁ%;/n a second
wi dt h | ar getha Hzottswi @ ithet SELdth, thhel arétadermricate @248 of the substrate

by a first spfacga@d;l3 220 causes a reduction in the area of

contact between the depletion region and the STI due to
retrograde p-well doping, i.e., p doping is higher near
the surface. Therefore, guard ring 220 contributes to a
decrease of the dark current in the embodiment of the

photodiode according to the present invention.

Figures 3a and 3b illustrate cross-sectional views
through portions of one embodiment of the photodiode
according to the present invention where the widths of
the guard ring are different. Figure 3a of the
embodiment shown has a guard ring with a width 350 that
is smaller than a width 352 of the guard ring of the
embodiment illustrated in Figure 3b. An interface
between the depletion region 314 and the lateral surface
328 of the STI is larger for a guard ring with a
narrower width 350 (Figure 3a) than for a guard ring

with a larger width 352 (Figure 2b). Accordingly, the
- 8 -



./~ ~~r~6'"", ~U-2 a gate oxide region forned upon the substrate a;od? MAR 2007
surrounding the IR said first surface neeting said gate oxide. 2Z. AA '

active R sensor array conprising; a plurality of pho i S, £ach
photodiggég?ﬁéﬁﬁding an insulative region (IR) to pernit¥gg§§g§§m6 l'i ght

t heret hrough; a substrate region of a first conductivity type; a well
regi on of a second conductivity type, formed within the substrate and
beneath said IR, the well demarcated fromthe substrate by a first surface;
and a heavily doped region (HDR) of said second conductivity type, forned
within said IR at a first position, said first surface neeting said HDR at
substantially the first position. 23. An inmaging device conprising: a

control devigce, an.active.pixel sensor_arr coupled-to said control device
"ol udi ng. sl esuraE JHFEOT IR (TR TR e phstags SrofiiRee o
t her et hr ougltheadepBstranereagbonwoth acte rSAI eoddobei Vesset yipes a wel |

region of a e:ﬁi"'&@r‘i%ﬂ@“?&ééﬂ—éé(eéy&’@o%rfd)r d within the substrate and
I

beneath said IR the we emarcated fromthe substrate by a first surface;
a heavily doped region (HDR) of said second conductivity type, forned
within said IR at™a s FdfepogHEFOnT 1RSF R4S rsieistrPate HBetFRAQERAI d HDR at
subst anti al Ispaihexf inskrpaset AONla0éb B NOFader 0¢eSsE Nnghaleyrre weaipl ed to

sai d congrold_evi%Eeang t8 sgid céive i xel. se gogog{égy.sgﬁgin
TAS(. A A [ . MECRE TREASCASC AP S e ey Ag e of g
/0™ _{hp) G { &rtewy.ei[.¥|.cafba] tatealzl ajsa]oa]3d@3apaivéa$tr] caljcaljc aUc alc
au ¢ alcal caylealaalsdal ealcrahonl chalesal Galeal cal cagll ool Aldel S20HW g
d!a" 0% ~ysni _%%#%g%cg]ca?caycafc aﬂfc 5?% aUc
a] ca] ca] calicapeaEEaveeabea] Eag cages v} a]waldaresaftafe al e ageeded] cal cal ca
Jcal' " $' & due ToMcbt- sma11 POLCAL ANMPASAYANAY 452a:  © Thdxenése ZUsal ca] ca] ¢
ajca]calca]calcal.calc aUc alJc aUc . .
a] ca] ca] ca] @é%/cél]lé’z‘f}‘cgfgléfﬁsa] %%%%Tf%ﬁ]céﬂaééﬂec M3y Be aFRETT S ca! ;
=B>C>>QuOOOERRENG| NNSNNK KK XA YRR i@iwisni dnlixshée ddatl caleedrea)] cal cal ca
oo et bt ot sl s b
Figures 4a and 4b illustrate first and second

embodiments of a photodiode according to the present

invention. The guard ring of the embodiment of Figure

4a is substantially similar to the guard ring of the

embodiment described above. The embodiment of Figure 4b

has a portion 407 defining an internal portion 405 and

an external portion 403. However, instead of a N+

heavily doped guard ring, a gate oxide guard ring 455 1is

formed between regions 403 and 405. A layer of

polysilicon gate 453, over thin oxide 461, is formed

over the STI region between the internal and external

regions 405 and 403 respectively. The layer of

polysilicon is silicided and coupled to ground. Note

that the silicon interface within the N-well is inverted

as the gate voltage is at 0 volts and the well voltage

is positive during operation. The depletion region is

terminated on high guality gate-oxide regions. The

-9 -



| 09%40%& () -1 199409 & ()-1 | 99A0% ()-1 7| PL10%: ()- 1000 1600 e
1000 f 109008 ()-) ! f109%& ()-)!f10%& ()-)f10%& ()-))Ga? P1' | f MAR 2002
1004HH8! () 30, LQIHE () - ! Sy10%-H&! () - GSy10%4&' () - G 10%4& () -; 100448’ (- 1 xyz{} oP1
‘|10%&'\f ?3/}%@%()- 101 [I[ 101[1] VS ok

101 [I[!10f1"10% [1[ & ()-m f1"109FF& ()-m “f1"10% " & ()- &\ }[ 9oP1! | F10%& () -

1 109%& ()-!109%& ()-y@O0%& ()-'10%& ()- @ 10%& () - de{zX9. 1

108- 109& ()-!310% ]| & ()- 1

109 ()-!s*10%& ()-!&10% ()- @' 10%vé& ()-$2DAINK1

108- 1096 " 10% {: {& ()-)"10% & ()-)!10% & ()-sml0% & ()-' 10% & ()-3 10
10JEFGHWIUVA 10! @ 0% "& ()-!10% & ()-&Ml0% & ()-& 10% & ()- 10:: 10::

gate-oxide region has high guality to satisfy good

MOSFET operation.

Figure 5a illustrates a cross sectional view
through an embodiment of photodiode according to the
present invention with a metal contact 560. The N+
guard ring also plays the role of ohmic contact to the
photodiode's well because the N+ region is conductive.
The silicided region 562, on top of the guard ring 520,
is conductive too and is typically coupled to a metal
contact 560 that biases the photodiode. The metal
contact 560 is coupled to a pixel node 618 that is shown

hereinafter in Figure 6.

Figure 5b illustrates an exemplary layout of a CMOS
photodiode according to the present invention
illustrated in Figure 5. The guard ring 520 surrounds
the inner photosensitive portion 503 of the photodiode.
The N-well includes the portion limited by the dotted
line 512. The metal contact 560 contacts the N+ guard
ring 520 for biasing the photodiode according to the

present invention.

Figure 6 illustrates a possible implementation of
an imaging system 603, such as a digital camera or a
video device, with an active pixel sensor cell circuit
600 that includes one embodiment of the photodiode 602
according to the present invention. The active pixel
sensor cell may be included in a CMOS active pixel
sensor array 605. The imaging systems 603 may also
include a control device 607 coupled to the array 605
and a post processing device 609 coupled to both the

array and to the control device 607.
- 10 -
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The active pixel sensor cell 600 includes a reset
transistor 614 and a source follower device 616. The
reset transistor 614 selectively resets a pixel node 618
to a predetermined voltage. Wnen a readout signal 1is
asserted to row switch transistor 622, the source
follower 616 provides a voltage related to the voltage
at the pixel node 618 to an image capture system (not
shown). Incident light causes pixel node 618's voltage
to drop by collection of electrons photogenerated in the
depletion region of the diode. The photodiode 602
according to the present invention including the guard
ring explained in the foregoing minimizes the negative
effect of the dark current as this current is
substantially reduced by the above guard ring explained

in the foregoing.

In the foregoing specification, the invention has
been described with reference to specific embodiments
thereof. It will however be evident that various
modifications and changes can be made thereto without
departing from the broader spirit and scope of the
invention as set forth in the appended claims. The
specification andé drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive
sense. Therefore, the scope of the invention should be

limited only by the appended claims.
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What is claimed is:

1. A photodiode comprising:

an insulative region (IR) to permit passage of light therethrough;
a substrate region of a first conductivity type;

a well region of a second conductivity type, formed within the substrate and beneath said IR, the well
demarcated from the substrate by a first surface; and

a heavily doped region (HDR) of said second conductivity type, formed within said IR at a first position,
said first surface meeting said HDR at substantially the first position.

2. The photodiode of claim 1 wherein said heavily doped region is a guard ring including a diffusion
formed within said IR.

3. The photodiode of claim 1 wherein said IR region has a substantially circular form.
4. The photodiode of claim 1 wherein said HDR region has a substantially annular form.

5. The photodiode of claim 1 wherein said IR region has a substantially rectangular shape, said HDR
enclosing said IR.

6. The photodiode of claim 5, wherein said HDR region has a substantially rectangular loop-like form.

7. The photodiode of claim 1 wherein said HDR includes a loop that separates said IR into an internal
region surrounded by said HDR and an external region surrounding said HDR,

8. The photodiode of claim 7 wherein said external region has a lateral surface in contact with said HDR.

9. The photodiode of claim 8 wherein a depletion region formed in the well and substrate, in the vicinity
of said first surface, when said substrate and well are reversed biased, terminates at said lateral surface.

10. The photodiode of claim 7 wherein said loop has a first width and said internal region has a second
width, a ratio of said first and second widths being in a range defined by first and second values.

11. The photodiode of claim 1 wherein said HDR includes a silicided top surface.

12. The photodiode of claim 1 wherein said IR region includes a shallow trench isolation region.

13. The photodiode of claim 1 wherein said HDR has a bottom surface that intersects said first surface.
14. An active pixel sensor array comprising:

a photocell electrically responsive to light exposure, said photo cell including a photodiode that includes,
a substrate region of a first conductivity type;

12



1 0*"10% ] & ()-!*"10%5t5& ()-!s10% t& ()- @EDEEEEEE}rg\= 1ys' FIPY&MAR- 2009

10 10 10y8109%& ()-! !110%& ()- !f10%& ()-z& 10%& () - EEFFGGNHAEQ\ = b
1lys@$10%-& ()-t @ $109%& () -t @ $10%.& ()-t @ $109%& () -t @ $10%H& () -t @ $10%&’ (
) -t NHHHs | JLLdEg\ =
1lys@9$109& () - M@&I$10%&' () - ME&EI$10%&' () - MA&BO$10%& () - MA&O$10%& () - Ma&&9$10
9& () - MLI MM NNNNNNxmbC 1ys&109%& ()-3 10 10
10@10%& () - @9$10%& () - MEBIS$L0%& () - MEISL0%& () - MNNOPUXQQIENDC
1ys@ &SLO%& () - & o " . ,
& 0 bt o B0 per i e wibwpae pTIERS pesmerp i D98 CpReSSnTTK
UdEnbC ) .. _ )

thin t beneat sl

1ys@ %Y%%;z‘g{&% LT SR T e T e B Sk @ 0

f &$109
a heavily doped region (HDR) of said second conductivity type, formed within said IR at a first position,
said first surface meeting said HDR at substantially the first position and reset circuitry coupled to said
photodiode, to initialize the photodiode; and
read out circuitry, coupled to the photodiode, to read an electrical signal representation of detected light.
15. A photodiode comprising:
a semiconductor substrate region of a first conductivity type;

an insulative region (IR), formed within the substrate, permitting passage of light therethrough

a semiconductor well region of a second conductivity type, formed within the substrate and beneath said
IR, the well demarcated from the substrate by a first surface; and

a heavily doped region (HDR) of said second conductivity type, formed within said IR, said HDR
surrounding a first portion of said IR to form a guard ring, said first surface intersecting said HDR.

16. The photodiode of claim 15 wherein said guard ring demarcates said first portion of said IR from a
second portion of said IR that surrounds said first portion.

17. The photodiode of claim 15 wherein said substrate and well, when reverse biased, form a depletion
region in the vicinity of said first surface.

18. The photodiode of claim 17 wherein said depletion region terminates at a lateral surface of said
second portion.

19. The photodiode of claim 15 wherein said HDR includes a bottom surface and said first surface meets
said HDR at said bottom surface.

20. The photodiode of claim 19 wherein said first surface intersects said bottom surface of said HDR at a
location substantially positioned near a center of said bottom surface.

21. A photodiode comprising:
a semiconductor substrate region of a first conductivity type;

an electrically insulative region (IR), formed within the substrate, permitting passage of light
therethrough, said IR having a first width;

a semiconductor well region of a second conductivity type, formed within the substrate and beneath said
IR, said well having a second width larger than said first width, the well demarcated from the substrate by
a first surface; and
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therethrough;

a substrate region of a first conductivity type;

a well region of a second conductivity type, formed within the substrate and beneath said IR, the well
demarcated from the substrate by a first surface; and

a heavily doped region (HDR) of said second conductivity type, formed within said IR at a first position,
said first surface meeting said HDR at substantially the first position,

23. An imaging device comprising:
a control device;

an active pixel sensor array coupled to said control device including an insulative region (IR) to permit
passage of light therethrough;

a substrate region of a first conductivity type;

a well region of a second conductivity type, formed within the substrate and beneath said IR, the well
demarcated from the substrate by a first surface;

a heavily doped region (HDR) of said second conductivity type, formed within said IR at a first position,
said first surface meeting said HDR at substantially the first position; and

a post processing device coupled to said control device and to said active pixel sensor array.
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