METHOD AND DEVI CE FOR WAVELENGTH SENSI Tl VE

PHOTOSENSI NG USI NG MULTI PLE PN- JUNCTI ONS
WEROS89$EF-ERENCE TO RELATED APPLI CATI ONS [ 0001pCT/RG2005/000122

application clains benefit and priority fromU. S.

provi si onal application no. 60/561, 152 filed April 12,

2004, the contents of which are incorporated herein by

reference. FIELD OF THE | NVENTI ON [ 0002] The present

i nvention relates generally to photo-sensing, and nore

parti cypfiigptANIB RS md wieVECERGITPLSENSITIVE PHOTO-

wavel engt h-sensi tive photo-sensing using nultiple
pn-j unct i onSENSBYGRIFRIONAUDE TRLEPN IONY 0003]
Vﬂvelength sensitive photo-sensing (often referred to

SYs-REP PEREAL hﬁ)c’REERLFgBaAP}]‘m@AT@OﬁSW de range of
rTE

flel S suc as i Cl ne an ogy, f ood,
printing, and cosnetics industries, and the li ke. For
[008Hnp| Bhis applichtensdlainky berfefit @hd grieriiy fmnsé)uﬁe@rowwomhyppéléatlon

DGR AR LR DA Ko

referrdcd. i ssues under study. [0004] Col or of Iight can be
sensed using p"-junction based photo-diodes. As is

kno / form a photo-di ode. Wen |ight
g@?&?ﬁ%ﬁfﬁﬁ?ﬁvgggﬁ§@|on region around a reversely
blased/r junction, free charge carriers are generated
[0002] t OTHe1R¢éseR] iGedntibe reﬁﬁté@eheraﬂ'jﬂﬁ hbai-ensiegand et

carriers can be detected sing_.ei ther a current
PaguarY &) RGBT, BRI TGHERPOHYe AHE-SDRER e
Inagﬂggpgmgﬁompltage can indicate the intensity of |ight

absorbéd in the depletion region. Since |onger

wavel engt ht can penetrate deeper bel ow the
sur Wg@RQMQﬁQ’F VENEKN h 1i ght, different
wavel engt h bands of an incident Iight can be detected

[0603]P O SWhi Q& g sembitité Fﬁ&é—séddﬁ@%%&eﬁhe&it(f ds@bRAberdRRS RE
In"a sem conductor. In a spectronetric approach, the

applirationsimacyide ragee of fields swld@;sdmdwee ﬁ”éirﬁ)(’lﬁék‘a tasafopdragting,

an!i @O e%% erdkgm%%hr?d tﬂp HEGP%SPCX B{ﬂfe fnol]hQ Etuﬂ)y O% éegmmd SSUCS, it
resol vedi n ree prinary color conponents, such as

mdyl hesecegsarg o mogitored d¢tRER)e, trankimshiop embabsatpgion of light of a

certain bandwidth by cells and tissues under study.

[0004] Color of light can be sensed using pr-junction based photo-diodes. As is
known, a pn-junction can form a photo-diode. When light is absorbed in a depletion
region around a reversely biased pn-junction, free charge carriers are generated due to
photoelectric effect. The photo-generated carriers can be detected by sensing either a
current or a voltage across the pn-junction. The sensed current or voltage can indicate the
intensity of light absorbed in the depletion region. Since longer wavelength light can
penetrate deeper below the surface than shorter wavelength light, different wavelength
bands of an incident light can be detected by positioning multiple pn-junctions at
different depths in a semiconductor. In a spectrometric approach, the spectrum of light is

divided into many narrow bands. In a colorimetric approach, the color of light is resolved



i ncreasingly deeper into a sem conductor. Thus, the
color of light can be detected using a sensor having
WO bo0sm9sI56 Nnor e appropriately positioned pn-} uPCL/BOI®S/000122
[0005] U.S. Patent No. 5,965,875 to Richard B
Merrill, entitled "Color separation in an active pixe
cell imaging array using a triple-well structure",
which is incorporated herein by reference (referred
mtogﬁnreg Eﬂm L%l? {%lhkxgneill s) sudh §§3i)lg§ eg?eeﬁ akd WR@)%hl@ﬁB&{eﬂQte
evi phot o-sensing cel’l” or pixel of 'the device
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h $ &l str uc(; urag%y Qe ed u%cﬁ,em conduct or
Se"?ﬂ ek é‘?’.eoéglcoﬁe JRPREGTY R RY a’ﬁ ppropriate depth so
that the three spectral conponents of incident |ight
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For” exanple, the triple-well structures are forned by

devigp f figgh plpto-pensing crlhupixeliof thegsvise ingludes tiperwelloshppgdara
/
Junégg}H {rgtg{rgc{r@sas \%Ex;%ip-}weql sergﬁltez) ﬁfr‘mpd/ indl Jeflﬁ'@dngﬁ'ctor substrate.

hus, a col or sensor
Each asetorois at dreapprappibte-dapthlso shat thetthme smalyalmmeommof mc1dent
. . perfor Nbreo ce o
ieh g G by HEST st RF  Shytps SRt A IR A 3 of
pixdEis \iEaed dkljha devite. /Mive jplieBtaroislaicd by ds;mdlwalrregeny\mwver
adj acent cel]ls. Such a cross- anCt

thisidayigs basisemE SharieAmENE JioreaiRenthe m‘eaw? g%‘ewtm%ﬁ?ae formed by

AiffGios AsYs KHoPROR 8h be/difticitas RS WaRddMedaMapEmLjunétidnrse
carriers froman area near one ofthe pn-]Junctions to

diffaviora perticwledy whereit it deep-/ Rhup.rretar sensorkpsechery the riplenaglipe
stmgt‘ﬁﬁe,{lgpﬂa%ehaﬁ e}fglgmﬁlhge of each pixel in a sensing

arra at the pixels are well isolated.
It can be difficult to achieve good isolation and a
[0086a| | Moreowér, thie perfowntance of Sptlea deofide oon beoegativgly affected by

R s PR B R MRSl

crodstjéncibi or &l 1ﬂtetﬂ§ﬂe@dee:ambdur sttweeri M(ﬁadje{c%&ﬁii clds@y disposed
Patent No. 6,632,701 to Richard B. Merrill, entitled
pr-yunesions dug togpivsment qf fiee copgietsdon aHBUR AR %}t}fled@/“ junctions

to am’afea RedrShd KRG RLALRE. RISl ik iy BefeSikANCHat tHE Sigd OFash a
device in which'the vertlcally stacked/ wjunctions are
S

pix¢l diop sansinig Brayigismel andithat e pixglstarg welhisqlated, It can be difficult to
achieve good isolation and a small pixel size with triple-well structures. Manufacture

limitations or other performance considerations may also make it difficult to reduce the

size of a triple-well structure.

[0007] U.S. Patent No. 6,632,701 to Richard B. Merrill, entitled “Vertical color filter
detector group and array”, which is incorporated herein by reference, discloses a device
in which the vertically-stacked pn-junctions are isolated by buried layers. In this device,
the vertically stacked junctions in each pixel are well isolated. However, this device still

suffers some of the shortcomings discussed above — it can be difficult to keep adjacent



the vertically stacked junctions in each pixel are

wel | isolated. However, this device still suffers sone
wo@booshessshior t com ngs di scussed above - it can BET/SG2005/000122
difficult to keep adjacentpixels well isolated while

limting the size of each pixel. Further, it can be
difficult and cunbersone to fabricate this device
wi t hout advanced technol ogy and speci ali zed
pixe?%élpggfg{eﬁ wt{illg g%ﬂir}éﬁg gﬁEgbfl&ky Bixu? FhfndrSit Ban &8l Al and
i mproved nmethods ard devi ces r sensing color based
cumbBrsvie td fablidaye thisalekiee witheytadedncehechr@ligyiaRy sifcialigd
J NVENTI ON [ 0009] A photo-sensing cell can include one
CqQUPMERSr e i nsul ation regions for laterally isolating
adj acent regions in the cell and/or for laterally
[0008]0! aAédodinglg, thet lis 4 Heedfarimprlvad erthodehid devives for sensing
phot o-sensing cell can be used alone or in an array of
colqr bpged og dé‘ﬁ‘c%fg"?tﬁkﬁ‘iiﬁﬁ'mcﬁ?ﬂs' sensing pixels in a color
sensi ng device. [0010] An insulation region can
pr & MRIAOPOF T3 By VERTI®ween different regions in a
cell or between adjacent cells in a sensing array even
when the cell  or ﬁells re small in size and ckoaely”
[0009]s p oA @hotoserdng Gel<ar Hcludm opee BAE IRsyigR repiqys for laterally
isolﬁtﬁ%%%l:éﬁf r&FiBHslin thRLEIN aRBorltYr RIEPAIBNEI&tirgRe SdMEkdR%h adjacent
trench i1solation (STlI) technique, the color sensing
cellpThegthetocsensingioad! eandk lusesl atens oiint #n reay of celfisuch as forming light
Gross-interference. 1 1] A sensing cell can be
Sensfl%gr%ﬂs B]ra} %é?risﬁ%qrggyde[g%?t axial gromh to achi eve good
control of layer thickness, doping |level, doping )
[0010)of i Ar jnsalatiovesgionabn prvidergopdiselatiombetweendifferent ragipns in a
coptrolled features. [0012] Accordingl i :
celgr by Rssheh farer 3 Tl T bR kel b o 3RER
sizeih@ ¢ioddd dispbred [indednst:nionh Regianlcan hamade ltebailyrsatadl, siich hs
a surface. A plurality,offéﬁgions arﬁﬁfo med in thg
by ephexingthe shadlquatrench ielatien (L bieEREAYSe NG RO QASTRIEE PAIGE can
hav@§RalRbib &t lbWrylo @%@%t&feréﬂcéﬁt and secon d conductive
types, thus formng a plurality of pwjunctions at

different depths relative to the surface. The depths
[0041k chssesingcsH carbetormehpiimanily fpiepisaxial gegyah iq gebicve good

Ve HRAEHE Hop B phdiRle Sl haGSbrft SRNIYGSHsWath
amﬁggﬁgﬁgggﬂ:o%ﬁ%gm?%gthé sﬁbgg}atg andagktgﬁhé p?5n1fhe
verpwell egerolled featusgssoci at ed one of the plurality of

regions. One or nore
[0012]  Accordingly, in an aspect of the present invention, a photo-sensing cell is

provided. The photo-sensing cell has a substrate with a surface. A plurality of regions are
formed in the substrate beneath the surface one below another and are alternatively doped
of first and second conductive types, thus forming a plurality of pn-junctions at different
depths relative to the surface. The depths are chosen for detection of light of respective
wavelength bands incident on the surface. A conductive region is formed in the substrate
and extends from the surface to an associated one of the plurality of regions. One or more
insulation regions are formed in the substrate, each extending from the surface proximate
and along the conductive region for laterally isolating the conductive region from an

adjacent depletion region.



insul ation regions are fornmed in the substrate, each
extending fromthe surface proxi mate and al ong the
wa@oondoegoswe region for laterally isolating thePCT/SG2005/000122
conductive region froman adjacent depletion
region.[001 3] In another aspect of the present
i nvention, there is provided a photo-sensing cel
conprising a plurality of sem conductor |ayers forned
[0Q431 t asti addther aspectaf thegreseht ianaitibrtheris prowuddd pito-ba¥RE
lraving.a S rche is formed on the sem conduct or
cel] Qs ing frpluraldyiof samiendyptor layers formed epjlaxialin ape Py tapsed
anoterf A buladich IS%EQMn?ﬁ)Qﬂ%E isViBrrhdRfSthe SeiSorldQEWDE Aer@ The
plurality ofpn-] unctions at different depths relative
Se“’l"ﬁP"ldH%‘O'sléY@ff et aernataly doped o firstond lseppad corfluetiappdssthay e
: 21 [ of..l.es tiv
o e N A TS B AE otfrenh STl BTG g or e
insglatidndexsr. Phepleptha hietsylecttd foodetactionras liight dflrespedqiive prededrmined
Each conduct.qr extends. frqomone of the | ayers through
waySh R Ep G Py Fiare. A RIGAEu setdooi i o afpvided
Eachlcenductos aktendst feont 0 \6fGhe laf &9 #tdughihinbiitdnhyaspect of
. . the present invention, there is provided a
INtELCORNHAB U SP elsstricaldnierepracti ng one or nore
phot o- sensing cells, each according to one of the two
00P4E C eHi Af@rtRe AP e i i
[ thE pr esent in€intion?&?ﬁéPg%?gﬁb?g%fgggkg@%%?ﬂgﬁ&gkg%r
devicg CAMAGSIAG QnerAr srnie Dqtersengingicels, eaoh acenrdingy drachf the two
j | ayers are epitaxially growm on a wafer,
I”mghg%ghk%%gﬂgnother and alternatively doped of first
- and second conductive types, thus formng a plurality
[0038) r - Inustariodhes aspaet dftisiresentdnvdntipmthérs isfroovidell omethbéof

' f he i I [ I h .
forrthl S ooy BKRES 1y ARG n Bty BTG 2R
growmon hevaguydnaoe ter mothes petdlicsativel ¢ Homd o f fiest aseieesdd on

@f.ligﬁt f different vel engt h, bands i ncjdent on the
condugiye BReS: KIS LoTHIRG Hplurality ptauapngions Anngylatiogtlays is fesmed

on thopl@ralify dtheyeR. TheinshitiH layeR 184 $surfhbEafiQAREYGHIRY ofRd 51 dS
fromthe each |ayer through the insulationlayer.

Juncigpsitlativetodho surtsee ars sespectiyelytchesep fersistectiometight ofifferent
wavkREEE bhriis Qﬁc@d’éngglgth@@%%%.r ATBELR, %fplg Q4 g}l Q€h%ne of one or
d H heludes FX|£?y

sem conductor device. This nethod i'nc epita
morg pbihe plyralign oblaydrs. Sthe lcandaictoo Extendsifrat the eadhUaydr vitrol ghiRe
hmuﬁﬁ%ﬁ%&&g | ayer of an opposite, second conductive type,

[0016]  In another aspect of the present invention, there is provided another method of
forming a semiconductor device. This method includes epitaxially growing, on a first
layer of a first conductive type, a second layer of an opposite, second conductive type,
thus forming a first pn-junction. A first well region doped of the first conductive type is
formed in the second layer, thus forming a second pn-junction. A second well region
doped of the second conductive type is formed in the first well region, thus forming a
third pn-junction. The pn-junctions are at respective depths relative to a surface of the

second layer, chosen for detection of light of different wavelength bands incident on the



thus forming a first/r-junction. A first well region
doped of the first conductive type is forned in the
wG@ emsngBds@yer, thus form ng a seconds-j uncti onPCEHSG2005/000122
second wel | region doped of the second conductive type
is formed in the first well region, thus formng a
third pn-}unction. The pn-]Junctions are at respective
depths relative to a surface of the second Iayer
surfRE TR o dBA L AR Forhl o L ] ROt A EheRTh St
well negiarg] esorfducmmglon dopddef stedfostatohductive typel eamxyng fromthe
e rst |on conduct.i ye. regi gn. ed of
firg fgerhidih 5 sepsid U8 ey DS B REAR dtolgion PR RARF R aver
prox A4 add1eHs%he E&ﬂu&%&ﬂ@oﬂ foY @olatiag thefconidictige R&@ion from a
isolation trench in the second | ayer proxinmate and
depdetipndegipWEbRAUEEIS§@NAdGbn for isolating the
conductive region froma depletion region within in
[0017 SenRRhdsieai@hd fdafiPdsTdf i ﬂ?@sfenﬂﬁ%‘ﬁbﬁ Wl secfoﬁ@taﬁpﬁ&qt%
thé present invention w Il becone apparent to those of
those eff ardingrysskill in therari ypon agview pbthe fallpwang descriptionfobpresificng
eci ntion
emg‘ﬁdﬁg‘o'l%]t%%@? '“%"&&‘t i cﬁﬁgngfgg g‘qn%’ gﬁ%&%&% 'é ﬂ%e%éh Y8R EF
DESCRIPTION OF THE DRAW NGS [001 8] In the figures,
whi BRIEF DESCRIRTAONF HE BRAMIBGS e only, enbodi nents
of the present invention, [001 9] FIG IAis a
e [
[ocB " H b (ELRSSRER B iR n% 1 ‘frago%x@npqgeﬁlgrezgggm&ts of the
presemy éventaom;, [ 0020] FIG IB is a schematic, partial
cross-sectional view of a seniconductor device havi ng
| urality.of ho 0-S 021
oty 761X i seBRRh LSS Maf e S ol i Poensfle hfer, o
exemnpagiot @mdulsddﬁxhendev theq)résam 1m\g:nam,exerrpl ar y
i npl enentation of the photo-sensing cell of FIG IA

22 I .3 i sche [ sect ona
1ogHa oG s sl U crSss SRABRARFS L misks il e o
devaée Hahﬁlgw;ﬁé‘xﬁnfy of PN&BIstiBitig oanglofm@za]a\ FIGS. 4 to 6 are
respectively schematic, partial cross-sectional views

of .semi_conduct deV|ces i ncor he exe ar
o g B b S SRR A S SR TP devic

having an exemplary implementation of the photo-sensing cell of FIG. 1A;

[0022] FIG. 3 is a schematic cross-sectional view of another photo-sensing cell,

exemplary of an embodiment of the present invention; and

[0023] FIGS. 4 to 6 are respectively schematic, partial cross-sectional views of

semiconductor devices incorporating the exemplary photo-sensing cell of FIG. 3.
DETAILED DESCRIPTION

[0024] In this description, the letters “N” and “P” are used to indicate the conductive
types of doped semiconductor regions. The relative doping concentrations are indicated

with trailing signs “+” and “-”. Alternatively, the terms “strongly doped”, “normally



[0024] In this description, the letters "N' and "P"
are used to indicate the conductive types of doped
WG eoosoesIsact or regi ons. The relative doping  PCT/SG2005/000122
concentrations are indicated with trailing signs "+"
and "-". Alternatively, the ternms "strongly doped",
"normal | ydoped" and "weakly doped"” are used to
indicate the relative doping concentrations. [0025]
dopelGand ‘Avedklyidopal siehesed td iadichty tiee rehdtOdgsMSiongert@tibnsl 00
in a sem conductor device, exenplary of an enbodi nent

th t. i tj.on. [l 100 ingcl )
10025} P18 FA§ ot SAERab Ay aiBoteyehitns 1) L0380 Porpieondpmor
devicepértrplary yf £f entbodinehdbeihy pEe@f VeGP 0811 106 incid8s 2 110

and %#ﬁ:are formed in substrate 102 one bel ow anot her
subgfeaie L2H(pattiaty showng havingg pusfase 1075 Anplaralingofalternately-doppd

regAs 1062909130 2dP1 8 %011%&:(3 fnisfggtﬂfté Y(?eone Ef(’)gvt anpilef gente?t\l} o

/w-junctions 114, 116 an are forme respec
surfgepl(ds Regions 10§2nd 488 &e of ettppie and regiorsudd ase 1 1D4e ofipeype.

\,.< < The, de s arne chosen, so that i,ncjdent
Tl thike D unctibRE P38 ofDBRER FReshBitive GRRAS o and o
relag'emwlrsatfe? lfﬂlzlawgae dax b eus The defiis steghedeh 08 tha€@LiaR light at
vel oped fromthe respective junctions, in response to
threp difTarertt avelpratheotopitass TR snsratt chipas GREISERIA sdvaletionor

iONSdEtRped H6m HRAE tegt i
rc_:glbl ue (Bg,3 reen gc%uﬁgﬁ%gﬁeﬁgﬁﬁgﬁt@% E)?ﬂtn %g]free
differgpt vrys ngtg dards. Foooemple, dhsrvigpids may be elysom for 2etecticresfddue

(B),L%ﬁéﬁ}(g}ggﬁcp{éd%ﬂ?c(}ngmﬁggg B e i'n%emCiPsétM’.UCt ive region 120

ude a sem'condu nor e rongly doped than
region 112. [0027] Insulation regions 122A, 122B and
[0026%>C 4 gpadyctiva tegion i19@ exterdsdrommutigiondd 8 1td surfaed 204. €dndwative

: : e fromsurface,104 to reqi 118.
res i 1A A5 SRR M i aort il i BPong

conductive region 120 to laterally isolate conductive
[0028gi dnsul@nfregionst 123 Ad €22 Reridor22 Cegiso nolttetiedlp petintlividially

ungtion 116, 028 illustrat in FIL.G 1B,
refelfgd 1c"rf‘s 32%?. e q%bJS 8??8} Jcs’-f @é“n@“ﬁ@ regen f‘d’ﬁ EEU'EP?%%@& 1224
extenddgrobiyhatd ahd ,aldng Suhdiicti @ ref©6 1120 %0 ll%?aﬁigammé éatductive region
100 can laterally

i sposed .on opposite ends of a cell
120%?8&3?3@%%&Wr%ﬁ??d%@bmﬁigwmamnemgwedAﬁing cell or
cells. Wile only two cells 100 are depicted, it is

[0028]der &4 Mastraidtih FIGE1BUIMEH dpictP R RakiRgG cAR!106 arranged

.. forped on a device may varé% The photo-sensing cells
side by pidgeingilatinngegionsnt 24Bged 126 Hispesed proppdstie endsaginngl! 160
can Rl isdINE eh @ &N abo %miéh%guring cell or cells. While only two cells
100 are depicted, it is understood that the number of photo-sensing cells formed on a
device may vary. The photo-sensing cells may be arranged in a desirable pattern for

imaging in one or two lateral dimensions.

[0029]  Each insulation region 122 can include a trench filled with an insulating
material such as undoped polysilicon or SiO,. For example, the trench can have a SiO,
coated wall and be filled with undoped polysilicon for easy fabrication and good

insulation. One or two of insulation regions 122A, 122B and 122C may be omitted. For



[0029] Each insul ation region 122 can include a trench

filled wwth an insulating material such as undoped
w@odogeodoscon or Si 2. For exanple, the trench PemSQza0&000122

a Si2 coated wall and be filled with undoped

pol ysilicon for easy fabrication and good insul ati on.

One or two of insulation regions 122A, 122B and 122C

may be omtted. Forexanple, when cell 100 is to be
exa}ﬁﬁ.l dwﬁ%lo&g’ OE nsstwb@hk%l&r@gfngﬂﬁl&%goﬁﬁZ%Q 193¢ nf be

e ach i nsulation fegion may extend deeper oOr

omnﬁh@IEadvvmlsulammﬁegnsn stag\ertendddep e, orISMaIIOd\@pénd ishown in EL'G

i,catio i nsul ati on reg e
1 gBBesfbicodfe bR obbfiet kSR 88 By RELPUET e
isolhttgned using a standard or nodified Shallom;Trench
| sol ation (STI) technique [0031] Phot o- sensi ng cel
100 has a . nunbe elect interc ects
10038k polevigury pire o P GRS mgETed Sgllow
rDEQ%g&ﬂgﬂg(g¢%t&9@Kﬂetect|ng electrlcal signal s
respectively derived fromthe depletion regions

devel oped ar ound hunctlons 114, 116, and 118 sg_ that
[003%L:i gBAntosening ceth 140 hasaqumberotekisinisal Wisrepests 134 ough

respRbE%lY fn%lnn‘ndﬁﬁ&ﬁ&?ﬂﬁﬁ Fe%?n% 4166, 188N 0ChRCI1RIt6Adetectin g

I nt erconnect | ude 'a conduct or such as
eleqmmtaasngnaxs)resmamby éqrmedu fremctber dqd@t@nrgorrwvmpqdmemdf

ndHTAT] g 57 b AR B R B e A
eledt@ca Mitdc@MectEXBITEhEr e}ledh@@h mteqeemedt 124 negrindhelelseddictor
the fabrication, of cel g‘ﬁre FISC|Oﬂ§$ i .n. Hong
suclpspmetah FPpERTP% imiEonaesis QBhTEL PO R Pl ng
Technology, Prentice Hall, 2001, which is incorporated
[OOBEI ei QelpY00 &in®egt@red using aﬂ@ftﬁﬂablle matéiats Mdrseilconductor

supr a. SU|tabIe mat eri als and fabricati chni
fabrigatign fghniness) Bremphy techpings thag fambe ysed i %9@@%@?@ cell
10028 disdIPle '?FHB@QXP% PO 3K5drhiEShdubror Dﬁnﬁﬁz&turlﬁgv ter

revi ew ng t description and references Cited
Techmrleiyn Prepci@f’slﬂilll 2601, avhéghps incompergiasrhereipbyrepferprees andrdeyrill 1
aX|aI 4 el
and el s SR SR R g ol il
apptAishltanbe readjiyoselettbd andEmgtienéntedelgi mensond 661 ledlib@he &R @fter
usi on, or by ion

revﬁae}r%‘g}géﬁééif’n?ac\éﬁg‘srbﬁﬁqddgéﬁenﬁ%lst%te@L‘?r\ei'é‘ i n diffusion.

[0033] For example, region 112 may be formed by epitaxial growth on a

semiconductor wafer (not shown). Region 108 may also be formed by epitaxial growth
on region 112. Each of regions 106, 110, 120 and 124 may be formed by diffusion, or by

ion implantation followed with drive-in diffusion.

[0034]  One of regions 108 and 112 may have a strongly-doped sub-region (not
shown) formed at the interface of regions 108 and 112 between insulating trenches 122A
and 122C, as will be discussed below, for limiting expansion of the depletion region
developed from pn-junction 118 within the sub-region. As can be appreciated, an

electrical path is formed in the sub-region which has a lower resistivity than those of the



[0034] One of regions 108 and 112 may have a
strongl y-doped sub-region (not shown) forned at the
w0 ndosndsase of regions 108 and 112 between i nsSubEt/8QL05/000122
trenches 122A and 122C, as will be discussed bel ow,
for limting expansion of the depletion region
devel oped from pn-Junction 118 within the sub-region.
As can be appreciated, an electrical path is formed in
. h-region which has a |lower resistivity than
a@% ggég@F{theadjacent regions. [0035] O her regions or
| ayers such as light shields, antireflective |ayers
003588 i GXher stgians of kayenssucheas light shisldseentiseflestivsiayers and 02
. above surfac 04,  Suc b4 '
insBRFIRSLaRY B RARpd P ba e 101 AR30 R IPF ST ad (P

regidht and BPaS¢anl be repttiyaleiefined by pgrpdnis akillludirt thgart.may
reverse bias one or nore of thepnjunctions 114, 116

118. A beamof .Ijght is incidept on surface. 104
(OBRY abinmuinan pphibraites HabeSF Ros th i E S s o
junBteRENd,Na6 aRd 118 ABYah 6NGEHRSs indidént B burfce 264 SR dbserbed at
may be generated in a depletion regions devel gped from
1

diffgrrat diptisrio puhstrete A% depending g th,ya e Befhs of BgPo kg cpgiers
maggg A8Pked ih gtﬁ'é?l@g%, ?gﬁqyﬁ&e?ﬁe@h@ﬁ%b 68bn-fineticHs 134N 6 and

current o ge In e elpctrlca
118 intresponsenie oicgledtdight andcpmduerias glecoinal\signhl suble asiepyreent om

ion. .T t put si L, . i . t . 3
ol 0 LR Bn B2 B ECSRL T A5 BT Y,
Thés@piithkigaal id @geatién®bn teginmusat dtlightubeerbeld infthe depletide pédien.

.three different spectral comopents of the i.pcident
Singe tkte g thrgsdepletion- fegpns P@B@Q‘?lf{%ﬁe@t 3?}15'1‘51’ thye C?lﬁ‘glieﬂtgspectra]

con{finbAY BBthE ARidEt G eabd Rttt rol the size of the
epl etion regions, for exanple, to adjust the spectra

responses of the depletion regions. The gperatiqgn of .
[003d1|  Tbeapriiedibisingoliages Fa her ﬁ?ee-t%wr%ﬁ@tsa-egé&sgs‘ﬁpleﬂon
regwnict{_opééqlgﬂer,‘to%d?:st %%Fé&rai%spoﬁs& &P 11 Geple§tedion¥¥ine h

provides further detalls on operating a ]
opdratiqnl of c¢ll QMY iis simifah txt the trindé-wgll pbotp-semspydisclersed an ey Patent

0 joon of cell 1 | . j '
NoPBBEHH20 0k | e ARSI g o
sendin@ ¢eltl ethuly elewatiedopeegion of &dlP10Nilisiet badiecukiyd heredrgi on

108 can be forned by epitaxial growth on region 112.

eover, since it i s not.necessal. tokL m.region

100 &7 KR s B B AT pliice LS EPbt
andldurRES 10 reafonci®Bicai BélJormbd BetpitatfaDgroath hieregivalll2. Mereover,

conpared to the size of a %o yFnIioEa‘ . )
since it 1s not necessary to form region 108 by diftusion, the lateral size (in the horizontal
direction as depicted) of cell 100 can be small, as compared to the size of a conventional
triple-well color sensing cell. Further, as a conductive path such as conductive region 120
is isolated from adjacent pn-junctions extending along it by insulation regions 122, cross-
interference can be limited even when the lateral size of cell 100 is small. Thus, cell 100
can be made more compact than a photo-sensing cell based on the triple-well structure
and still have good performance. Cells 100 can be advantageously used in a photo-

sensing array such as an imaging device as pixels, where cross-interference between

adjacent pixels are limited by insulation regions 122B and 122C. The photo-sensing



triple-well color sensing cell. Further, as a
conductive path such as conductive region 120 is
w0 s@sateds f r om adj acent/ >"-j uncti ons ext endi ngPel/eaL05/1H00122
by insul ation regions 122, crossinterference can be
limted even when the lateral size of cell 100 is
small. Thus, cell 100 can be nade nore conpact than a
phot o- sensing cell based on the triple-well structure
arr%’c}g iﬁgghédgfi‘t?/eecag hR& 4 ﬂ% B8y ofE&hdiBpik00, re@ilidein high
vantageously used 1 n a photosensing array such as an
resolodgyi.Nng devi ce as pi xels, where cross-interference
bet ween adj acent pixels are limted by insulation

ions 122B an - '
1038813 HE BT B Bt MM 122 R R F REACEA! S Yo fhan
shoinXe IFSG. 18w ekangplé,nhdyi rhy exesdl thitouiginregjod 3 forAsttemn
. now be appreciate regi ons..12 nd 122C can, exte
ins SR PR BRI OB OO AR i gareq flsgi g 224 by
cutﬁﬁ% Sifheh Vel Y&iorse1®6 ARd 1Ptofl fRthdd @dus theNsted sidel dTeell 100. It
bet ween adj acent cells 100. In addition, 122C can be

will be-appargnictp @5 pkitled interarhthateqetl (10 §ag wim&rft%qure IdgroRe
rea%%‘gmg{ﬁ?e%mgqouhq,aﬁw ltoagpﬁca[iggsuce the | ater size of cell

be ag ent to one skilled in the art
that cell 100 has a sinple structure and can be
[0040%di IFFGnd iliukirases ancexemple phasicad gmbegiptenteficelh 480. Jubgrmey 202

FIG,.2 il ustrat n I Si ' -
hasga o fade g o] RIED 4B SRR 2B B AGEN IR BRI 10R.
Thélegnddctive @¢idrsne2OBarfyNidy) con206nd fdgion 210 irfcR)desia stréhiply ddped

i OoN necess or contac}l

. The.co ive re ry f i
coriasy 5giongad (e nS g PR ST g e BB ches A7 The
elefifal (iRetonnth ind\fl InfdtdlREnth@g2 NS | ncl ude i nsul ating
trenches 222. The electrical interconnects include

netal contacts 224. [0041]. The additional .regions or
(0644} or §hp Adiiiene! Esgisioe PEIPESTH inglide 33tonai foped Pegpe iie{ate
laySCRRGPY: § ¥RAg R e n i @uridBryér¥s2 (W Whick 84h Bonsidered a

considéred a sub-region of region 208, strongly doped
sutersgioa of regigi 208 sst2Baly(depyd eonthctisgipns 2340AN) gndivgsie strongly

cqnt [ eqi ' . 02
oo A FERh A SRBef ot BRI B
surfdct R4 for asgreainevtéonelidcd respeative elba@ricad merconn2@224 o

rel%@lq@%s}r%%}? daéﬁrd%g%\f/elgﬂ)%ggg% ﬁgego%néfit%fgw&slc 2491’[tﬁtﬁ§%: clﬁ%r rbe:low.

exanpl e, the layers and regions may have the foll ow ng
[00423 pe Foi dentpt tHeJayers and regions may have the following respective doping

concentrations: about 1E18 to 1E19 cm™ for region 206; 1E15 to 1E16 cm™ for region
208; 1E17 to 1E18 cm™ for region 210; 1E14 to 1E15 cm™ for region 212; 1E17 to 1E19
cm™ for layer 230; 1E18 to 1E19 cm™ for layer 232; and at least 1IE16 to 1E17 cm™ for
edge regions 240.

[0043] Region 206 may be relatively thin, such as about 0.04 to 0.06 microns thick.
As can be appreciated by one skilled in the art, because it is so shallow, region 206 can
have high sheet resistance. In such a case, providing two contact regions 236 at the

opposite ends of region 206 can guard region 206 to optimize its breakdown voltage and



concentrations: about 1E18 to 1E19 cm 3 for region
206; 1E15 to 1E16 cm 3 for region 208; 1E17 to IEl 8 cm
W@2008109898gi on 210; 1E14 to 1E15 cm 3 for regi oPCR3C2005/000122
1E17 to 1E19 cm 3 for layer 230; I1E18 to IE19 cm 3 for
| ayer 232; and at least IEl 6 to IEl 7 cm 3 for edge
regi ons 240. [0043] Region 206 may be relatively thin,
such as about 0.04 to 0.06 microns thick. As can be
redARP IR @aRI bR e Gﬂ&oﬁi{%&de%@ed‘ Artdiewithih rediGfBe it is
so shallow, region 206 can have hi gh sheet resistance.
In such a case, providing two contact regions 236 at
0044 oo 308 reaychs abputrddgiodniconms thieks Layes a2 mayibe ghinss, for
exfiplOAlal e AnibkRsP5EREAAEmypbdsage andr educe the (1 avel
I'stance of photo-generated carriers within region
206. [0044] Layer 208 nay be about 4 to 6 mcrons
[0948] c k.1t sheyldrbe2mderntagd thet thadopiag levels pndthankpesses dfahd lngera

hi ¢ S 1 . CI ONS, 1. shoul
and RaEAS RS Mo AT ey By AP it sl dnd upor
alwdye bé speeifed aWten gpgeifin values are glve Qheynay exeadptard apfodi ng
.,on the particylar application and will not always be
illysprationen Fewm@h specific values are given, they are
exenplary and for illustration purposes only. [0046]

[0046]al | AxttiidédtoRariet, Gdyer 23RYie mofSerdnglyrdoped ki anadjycent

doped than its adjacent .regions to limt expansion of .
regiens 'Y ipHERpHiop @ﬁh‘tﬁrﬁiea‘é%‘} 1GBien deydeRcp Aot nglpnoAlg within
lay@t 33¥ dhdl:@¥dn A3%cBR fath A5V 382 RhRAHAS £ RWwePALRLR) than

l'ayer 232 which has a |lower resistivity than thosé€ of
thastef thelpdiacont regiogs. diys, piblesgengrated chagenearrigre darcheamere

rier ffectively collected fromregion
eﬁ%%@?”f@ﬁ%?i KggggﬁngﬁUnderstood, cell 200 can be
fabricated in various suitable manners. For exanpl e,
[0047]1 20GCamby ubderstardared| 200 dan bs fabpicated o vagiowsduiable manners.

forml a 30. T waf.er.my have a ui,t alhl e si ze
Fot Sl ¥l A3y o R S5 oS e MRl G O B e o
forﬁﬂbycﬂ&FN ]gy: v@ié’ﬂ%hydﬁvé [ﬂy}e:fuitaﬁg siz® arlﬁm{ﬂ(g@y Gépeﬁaﬂxlg oAthed
strongly dap w-type layer |s I nplant In a selecte
applicgfion A rglafixgly pveakly Q?l&dfpoﬁafﬁ? lﬁ‘éf?“l ig gpifaxiptly sposwn ongjgyer240 to

for_Fnrﬁ?/é?Qtll‘.r R sbndIh ﬂoﬂe@m-@Fé BYEQDihRGEd MUSselebf8 region in layer
end I 212, as

i npl ant ed regi oh nmay ex into |ayer

212 toform berigdiayer 232. Duego fhegiatuge eioibe énplestpiéon téchnique, the
implanted region may extend into layer 212, as depicted in FIG. 2. A weakly doped n-
type layer is epitaxially grown on layers 212 and 232 to form layer 208. A shallow, doped
p-type well is formed in layer 208 by diffusion to form region 210. A strongly doped »-
type well is formed in region 210 by diffusion to form region 206. Region 210 has edge
regions 240, which are also of p-type and are formed by a field implantation technique.

The edge regions can prevent accidental field-induced inversion at surface 204.

[0048]  Strongly doped contact regions such as contact regions 220, 234, 236 and 238
may be formed by diffusion with materials of appropriate conductive type and may
extend to desired depths in a given application. Each strongly doped contact region may

have a doping concentration higher than the surrounding region. For example, the deep
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| ayer is epitaxially growm on |ayers 212 and 232 to
formlayer 208. A shallow, doped well is forned in
wo 2008009288 by diffusion to formregi on 210. A BCT/SQYI05000122
doped ntype well is forned in region 210 by diffusion
to formregion 206. Region 210 has edge regi ons 240,
which are also ofp-type and are forned by a field
i npl antati on techni que. The edge regi ons can prevent
cci den fi 11N L OVElS] . f :
cofinef O 20 S bRL SR Dl CUPALRP aBhing irc R RiEh &1 o
1B18% DB @20 andBé shall3® cancictd8gionsdB6kaad 238 may edoh have a surface

di ffusion with materjal s;0f appropriate, conductive, .
oppB SRR Y LAPB LR aohs Ghf ReaBIFTaoTh 15 GPyund dopine
lev2PO daCREdRAt rdafthtepédddtsypusaRe Fof Bdttatihg I8y f@Bdns

have a dopi ng concentration higher than the

(sushias tgivas ABS ansld 13) thereantaskesgione (suehis coBi@presipRc320 and 234)
mdyad! &E&?err.glfg naf c@sgglg@yal@gdzt RaG tgna@aqmggn t@iﬁ@hgg

once lon o to"1E19 cm 3 an
condeatrhtion. Eandxampler @déeperspo2@e (augdre2®8s A2/and23H) dfcaventact

surface dopin oncentration of ahout 1E20.cm 3. As
reSh R v PR PR e ae e Bt bGPl Ry rlen 236
ab6 @ Yeioh 28£Ah@ FegitRBIBAbOV refitn RRO)RIHE. cohtatt regibi.altteihigher

| ow ying regions, (such as regions 208 and 2}2), t he
dopiggokthe shallpshrortion allovssgaod shmig coptagh Witk a pistyl uitgyconpast and

thé‘i%%ep&op%?geﬁgﬁe déeberir{y_%nmtane% e eadid thitcatiork Qﬁkthaa%tlgg diffusion.

region'to have a uniformdoping concentration.

exanpl e, a deeper portion (e.g. regiaons 220 and _234)
[0049)a conduetivercantpeiegiar 2Hhis dormed gway frampygliregion 210 and

rati an a shallower portion (e.g., region
ex%ggﬁgﬂ%€@¥$é§§%ﬂ§'zs4, and region 238 above regi on 220)

of the contact region. The higher doping of the
[085Q]l | oneulatingrtrenchres 222 ansformsddn byt 208w ldtealinigne gr any
net al, L nterconn n '
o5 PR SR AL RPN, At el
trefltlf fnlayep 208, [0R0MA)g Bo dnutit walkbtodamt a8i0,rlagr 242, 22D fillmg the

forne romwel |l r.egjon 210 extends t hrough
trenghr g a 308" 244081 nabei R g7 o e 55 S ler G Bgpuse
reliaﬁvé_lf‘ﬁﬁdk }%Q&i By e qc-ﬁTdk_l)t @&J@EﬁeﬂUEurﬁfer,%bysﬂlhbhﬁhasfal&hfﬁcient of

simlar nmethod. Each insulating trench 222 nay he

thgrmahesparsjory Yary elogs te fhas g sop linersilicgyaphiglygs typically used
bling't hiGnbi&Sa ﬁ@édd EQofL TH 8for, FRchAYE! st’d<in
ibgﬁquélﬁgﬁgltﬂe tre%@ mnfhgg fllfer 244'such_as )
supotateS}02, Which cargbenindiced by yifferent shetraal gepansion g€ diffprent regions,
because relatiyely thic o) P . '
cap B B oo HE by DR SRRkt nfliol s SN e e prtsce
the trench wall smooth. Trench 222 may be first etched using a dry etching technique and
followed by a series of short, wet etching steps. After each etching step, oxidation growth
may be performed to remove sharp edges. As can be appreciated, sharp edges may be
undesirable because they produce strong electrical fields. After fabrication of trenches
222, surface 204 may be planarized using a suitable technique such as Chemo-

Mechanical Planarization (CMP).

[0051] In some applications, to minimize the lateral size of cell 200, trenches 222
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t hermal expansion very close to that of nonocrystalline

silicon, which is typically used for formng the
wa@ esssoesIsact or | ayers and regions. Therefore, PCT/SG2005/000122

mechani cal stress in substrate 202, which can be

i nduced by different thermal expansion of different

regi ons, can be reduced. Layer 242 may provide

electrical insulation as well as make the surface the
matgrb%qgrme H})ré %T‘lg’g IH:USI(%FI{ ﬁﬁgﬁoxﬁézﬁaﬁgﬁ%ﬁl%% gﬁ%’n%g&g:g;’le Iée ion
220br sdmmt regioat234t Thle mgqchtmi caf\b¢ msntdmlcth teeliroh Khagiatstaép

dlfg&l&glg nI s%@e gt??\;\%g)l]gg%q:@ %gﬁgy&o é' \f%&p %g Rabrication

pr&@&eWh@ﬁlhirﬁle@ EAIIRe f;ﬂaee\és Rfeﬁéhé@ Q23 LAONR &I PR6ItibhERb limit cell
fields. After fabrication of trenches 222, surface 204

sizengya prstasl deseaei e examyile Gy Acwiting WEught eginms duraed by diffsion.
Cheno- Mechani cal Planarization (CWP). [0051] In sone

[o%hg' | Ol comtQct b %?&n{eh %an%ta QhiedblcSthé8l Qikh 664

, trenches 222may be forned before any diffusion is
alypgniuoraset] alfoanncéwhng)AéS,ICuo form conductive regi on 220
or contact region 234. The trenches 222 can be

[0@@' tiQ gontapla#érgrhﬁd d18&roh ts?r[lé\ regi 'irfcidﬁi?dgoeppro!e@tlv?eo(fmer (not

er ‘applications, trenc forned late 1n
shévne®) riagydrel fomﬁadmm sorfaceeid, de@amﬁlorthe dO\Ieatr@y iingludeean insulation
ocess,

B 5544150 DR T g pego BTRAOr ROty B b el

shne%i $Hiddih g eu@Bl' light aThe R vdr Q{dyﬁdsoblﬁvda MMMea '{vﬁlﬁ)5 2dduced
he metal contacts 224 are rmed usi a suit

thnﬁleteaq Sugh arabgut HI0 A ptiieet thZ‘é%EP"é(F %@91 watarmaﬁ @hgnmem

wifh] p$l' ﬁ%ctx&@@ﬁﬁ]né\%ﬁa Ql@f@dllow&%%gm pﬁisQEItoﬁ?ﬂ IThe wmdow

struct ures |nc u I Ng protectlve cover L‘ sh ovvn
arqmnpomué bé oadeof owitsble m@elahmh apoetabRuifp pidicon (EOBgALy oxide,

P%\F%n )%;Inrmng? g od mpuﬂ‘uo?it %19 Buf a‘ri%%muﬁ'ﬁg ?&# ekdiohlr&%hb ¥l'r3at10n

preven Inter ectlon 0
phhh@hmaaamdS&Smnhﬂkd&hleId for shi el di ng externa
light. The cover nay al so have a wi ndow area with a

uce i cknes as abou 0.A
0f&fch # St Rk PRediaPael 2P0yt Y A0
embotliMent ¢ﬂ¢ﬁ@pﬂe§aﬁs mzzaxmonza&hemmbaagt alutsnatadi iroREGr3r Phbioght
to pass throu w are hoyl d be e of a
seqsing o¢H1380 H”é!%‘F? gpu Eﬁ%tﬁ 3§?§ o%‘fBitﬁ‘Fe i‘a‘é1 @"isla'l’é‘gg‘dté’ﬁ%a
se&%ﬁd&ﬁir%erstﬁ6nﬁ8 ST 4hdP19 bR d 988 En tdpsdflanbth@) whitd include
but also mnimze 3enerat|on reconbi nation phenonena

n-type telgionSP0GED 398iand priypegegions 310 and 312. Substrate 302 also has an
insulation layer 322 formed on layers 306, 308, 310 and 312. Insulation layer 322 has a

surface 304. The three pn-junctions 314, 316 and 318 are formed at respective depths, d),

d» and ds, relative to surface 304, where d, < d, < ds, chosen as in cell 100.

[0055] Each of layers 306, 308, 310 and 312 has an exposed top portion in contact
with insulation layer 322. Conductors 320A-320D (also referred to collectively or
individually as 320) each extends from one of layers 306, 308, 310 and 312 to surface
304. Each conductor 320 defines a conductive region and can be formed of a metal such

as aluminium, copper, or the like. Conductors 320 form part of electrical interconnects in
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[0054] A further exenplary photo-sensing cell 300,
exenpl ary of anot her enbodi nent of the present
WO poosndsossn i s schematically illustrated in Fl GCBSG2005/000122
Phot osensing cell 300 includes a substrate 302.
Substrate 302 includes a plurality of sem conductor
| ayers 306, 308, 310 and 312 fornmed one on top of
anot her, which include Mtype regions 306 and 308

and ' .
cof iR FicaliPEp RGPS 286 398 o M EUAPLARES, B8R0 At
sighald r&pectivelysdetiagd bom ltieeydeple8@R ragams so thar iheident3ight onTdueface

three pn-lunctions 314, and 318 are formed at
30(‘(9%‘#)8%&??}%6‘12‘&5’[“9%CO’H‘PCtorSﬁQn relative to surface

304, where d\ <d2 <d , chosen as in cell 100. [0055]
[oEac]h Olnsil&ysrisye3 352 12808y isdlfteasuhdc@rs 1326 fram exipothedand

portion in contact wth |nsuI@éb g | gyer 322.
fr%ﬂmem@pgd@maysm@ vell asdsqlatng el §0¢ Bordisieaxyonmany o

ERdRatiauang $0,.| Ayend
In%lp%io}%%%ﬁh?llcoﬁzﬁggrg)fg%?glhlsngerﬂ'féace %’tOAlf Each co%]ductor ©

apB@Oiattdf 4 rraductontfdioes ot dayedgicstend incsuciase WM, anst Fotherwise

such I
o5 08 S0 9B Bl ko s
For BRAmpTelih adhlkcdnative t:imbmﬂaguem;] sond0&pr TOP, m3yl Girmtvavadll the right
spectively, for detecting electrical signals
haf’§§'6%ct ively derived fromthe depl etion regions so
that incident |light on surface 304 can be detected
[005TIOUGDeIE 30Tkt a6 talb De 3dtthed LSIAR Gy dultablk aiaterialsl aay semidadiuctor

|aterally isol ates conduct 320.from each. ot her nd
fabricgipn t§ @@fﬁ‘&w&h‘&tﬁ&terla&gﬁéﬁ iabf%“%etf“f nigues W PG

apgﬁéétlor?’ Q% fe x@gﬁllytsélegt@x hﬁ@ﬂﬁ&ﬁentéd%e%h@&ﬂll@b’lﬁ "thelazg after

or ned an insulating material such as Si O2
rewswmanhlbées&ppm@nardtrefaren@ps@emﬂhnwarInavzolcakaéslam3%a%‘£8 310
1] 4 b
arg B % ot Rty SR g BB 3R o el ik Chuch as by
etﬂﬂng&doetbzttﬁmanaitmn Myenrmmae bt neﬁ(ﬁmmd anphesexposed gartions.
alternative errbodi nment , conduct or 320D nmay turn toward

ri nd.s 0057
lobgﬁmdggi?‘ﬂgcagﬁ’ﬁ Ogﬁratte bt %S']ml errn?%\ eg Qsa%g es]gim(foggﬁ 5t or
whalnptabmpbndnecdMightes. Suitable materials and

fabrication techniques in a particul ar application can
rsons

oBfef 20 Yoo GBS 0a B MR g b
prgglfseﬁ l’ng?-@ Rgidnk bEELIBB0RhM chanBe Mafd quﬁdﬂl}athan inegediriv0 3RGthus can
form much more abrupt pr-junctions. In general, cell 300 can be realized to have regions
with well controlled properties such as thickness and doping profile. Further, it is not
necessary to form insulating trenches in cell 300, which may be time-consuming and
expensive to form. One or more additional pn-junctions can be conveniently formed, if
desired, without significantly increasing the size of the cell, such as by forming additional

semiconductor layers on top of layer 306.

[0060]  As can be appreciated, it is not necessary that all of the semiconductor layers

306, 308, 310 and 312 are exposed to insulation layer 322. For example, only the top two
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and 312 may be fornmed by epitaxial growth followed by
exposing top portions such as by etching so that
w0 naaloggoson | ayer 322 can be next fornmed on theCEISEDO&000122
portions. [0058] Cell 300 can be operated in a simlar
manner as for cell 100 to detect wavel ength conponents
of light. [0059] Cell 300 may have certai n advant ages
over cell 100. For exanple, the doping profiles in the
biCilte¥s 3083Md1312 can b
oG 08 B 10y e BB A Ra R B b Ao can be
prabideip frpm-theisidd ardrtbe bdcksxgemapacttgveb'ell 300 can be
realized to have regions with well controlled
L e e G R R
subkteAe hESintndeel \lvaf&Oﬂs.O (le satbngipyofed of prgpec ?anmrm vugtmﬂyl
expensive to form or nore additiona

aligaRd Bes wistions g RIMEA iy ‘rfci’l“ﬁ'é‘a“‘"?')f doped iaveg is I o bt oz
or?tvgfak 3¢ Aiddwn dgl d&ﬁé@%&g‘&xsube (§H%Rd 268 tN&o 88! dnd d%H&ﬂv as

orm ng tional sem conductor |a ayers on top of

regéyealwao P 0AOY3 6. orinieatapraion 46 sionely dongiregions
5% e Aty B subkich D &R AMHEAR UL LorlsBrtfaiSns? il eion

4ms nepnaailyldepedo Rlegnon Hes inohldewmbm;edrlayeem @ﬁ)}lmﬁfﬁ(}stmagly deped

sed, The ectri cQnt act r. a ers, 308 .an
thgn dJacent 581085 2%?5@8&4f‘f%ﬁqﬁéeS£Ff§afe§r\ BelvgRCoBREsRIgns 438
(FO3RGE fsﬂr(yr@l)?/d é)k@ %ﬁl’l fatd&at regionk | AlS ins@h@sh 1ager ﬂlnl’Wﬂléh can be
physi cal enbodi nent OO of cell 300. A_substrate 4

magief Qs informedon wpof the-dpped laysiyILpYerdde dass bﬂff!%é‘ﬂ vrah

redeJeWtM@lEr{eE§§1l 'vvnédw &@EQM JoHBsdd9as0 reepeehwlfxatm #dm the
ternative ope 'ayers is formed in substrate 402

dazped\lwksrthmagh insulatiandyey 422 frs dlegiricelghtereonzr@s Easldf ragicns 406,

o548 3y RTS8, SR 0T, EORAAR
4I(E@h(bﬁ$na@98fﬁieﬁl 410 have di fferent subregions w th
di fferent dopi ng concentrations, and regl on 412 is

[mim w&géi(rjlo ?%FF@F yg?fglg 4%?% g%egglegt Oélhcts urtu%Ed Ano@éﬁowrﬁ nay

bBﬂﬁm&j‘l&] ghl,@tmwdozﬂflz respectively incl ude cont act
regions 438 (P+ ) nore strongly doped than adjacent

ons, An insulation |ayer 422, i ch .can be made of
1088} e fSrmand ians s b Aty B9eRe CortgyBoy i
t}ﬁ@éegeggﬂﬂmlgﬁ wi th reduced thickness at a w ndow
area 444. Conductors 420 respectively extend fromthe

TABLE L.
Region or layer Doping concentration Thickness
(cm™) (microns)
406 1E19 0.04
Top portion 1.5E15 2.5
408 | Middle portion 1.5E17 0.5
432 1E19 1
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doped layers through insulation |ayer 422 for

el ectrical interconnect. Each of regions 406, 408,
wdi@s/098986 412 is in electrical conmunicati on wehSG05/000122

contactors 420. Conductors 420 can be nmade of netal.

[0062] Again, a protective cover and/or other

el ectronic structures (not shown) nay be forned on

substrate 402. [0063] The layers and regions nay have

t he exenptfary doprmggoncentrations_ang thi CKnesses

list {n Tabl Eop portfigxBLE | . [0064] As 3ttt i oned abdVe

regi on41408—and—41t0—eact has differentsub-Tegions

Wit h jiffeﬂhﬂ@ﬂd@pﬁmg concentratiodEl8The nore 0.15

st r ongty—coped—tower—portiTonm i eactr Tegrom cam t1mt
undes|rabl e dX2 ensi on|of the l&dpl-etlEdh|regi or0to20
devel pped—fromtte/fr=junctiomrbetowang—attow

i ncreased cod3uctivity within the [1BWr (dtradardfveaternpr e
effective collection ¢of photogenerated dﬁdmb&s)s.

[ 0065—Cet+—406—~can—be—stmtartyfabricated—as—cetd
2Q0, 0 th
[dab(é%!;\r e% n%en[l%%er Saggn\%e , Lggl So 8%9(1 AH]Oge%glJ} ?&Sﬁlffa@ﬁt si% Irélﬁl&ﬁ with

didfefraclddpingedohcentititis. i ﬂhax)el seebhgly gopemO\aﬂd)orthmnn esahhregion

(such as by dry etchi to.formregi ns 06 408,. 410
i les Ap1E rliion G5 FELShioton TeBien P Hgrd v gigiction
béi@@taa& h11dvE B RAS d43RdukBYitPRithif G weyhallf fof H)SfeCHIfe@ﬁve

i nplantation. It may be convenient to formall contact

celleglionmef phe@gensratedsqapifre i npl ant ati on/ drive-in
sequence. A Si Q2 l|ayer 422 can be deposited on top of

[o"o%@] 0 n%eﬂ Q90 c4hlke sidtilA1yaekichad [ctieiod Rev, RIVEWRSE §6}ne

forimed. Layer 422 can  be planarized Using a suitab
npﬂdnarqnz atat wﬂl becapipaiequte psisors wkélednpthe Brelntparticklar, dOPed layers

oS T i 5 20 g

408 Hﬂ@andTHZUsqlhﬁtta pontichddr eaetylape isaéxpu!;edl(lﬁntﬂcﬂrég'imis 438 may be
L be etched to f

o P o 7 P el 1 S RN IO DL F et spgiprs 438

irCASInAE inh | ARABNARIVEIE feq@fiRe OA SIGHaRi? 422 06 beddeBositd n &dpof
432 hrou h the ogenl n%w wth a suitable netallization
]

regianh ADYy 940, 43 qns 642 #lisg thsy davetrerdgrmsd: kayerdid e peplgnanzed
ugigé’ y&tﬁﬁbl’e?}Ya%Erlea%gn RehRbEELREEOMPI ThOGiRRRAEING Bf layer 422

may be formed of field oxide (FOX) while thin portion 442 may be formed of MOS gate
oxide. Thin portion 442 may be about 100 A thick. Layer 422 can be etched to form
window area 444. Openings in layer 422 can be made and conductors 424 can be placed
on each one of regions 406, 410, 412 and 432 through the openings with a suitable
metallization technique. Contact regions 438 may be formed before forming layer 422 or

after etching the openings.

[0066] A protective cover (not shown) may be formed on layer 422 in a suitable

manner, as discussed above.

[0067] FIG. 5 illustrates a possible cell 500, a variation of cell 400. The difference
between cell 500 and cell 400 is that the region 502 below the bottom pn-junction 504 is
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[0066] A protective cover (not shown) may be fornmed on
| ayer 422 in a suitable nmanner, as di scussed above.

WO O@8/HYs956 G 5 il lustrates a possible cell 500PCESG2005/000122
variation of cell 400. The difference between cell 500
and cell 400 is that the region 502 bel ow t he 504
i sisolated by isolation trenches 506 and Si Q2
i nsulating | ayer 508. Cell 500 nmay be fornmed on a

. Sillcon-on- | L\

s B9 Bafiioh REhR U6 sy 3 1Y 30 T 8RS 3 Fimed

orex sieghsorhimsuimen(SO13 whiat, ivdrich lay daysr IBandrcemRDnfgntor layer

| aterally isqlating regions .on its opposite, sides from
SR rbirend SlfenBotsthe iy B d HEE Dhegs SR b
isbladfY RgerLoéopgpiiteaides FReH QOB ofadd Tha¢ResBOE6 MdydeTithddy
di ffusron. As can be appreci ated, when region 502 is

beffore patiecblayers ploandromart ragipas S14rhaye bysndomedy diffysdons As can
ver LI ' t i it

oSS Sh e AAEREP CORREALIRY PSOPal HheSlncop v

veng diffeyent dapingédnyentatiors br diffeeyt dbppedypathian darddaysnSHD2ayer

an still have dopi.n opcent rati on Within i de .
Sl de WePARImg oAb el PO ifert Sz R o W ovine
cdbedt@Bb®Withih4 wide ekt ifddtind-6e thatasmueh diffe@nofiornQiZat oAy

include a thin but very strongly doped bot ﬁeom
regigh 4241 & AP K HAIBHETRBIER SZ BY MFBISG 2 (A RHY Vgt pennely
d(ﬁ)ﬁﬁ’ g&gﬂ% tQu(E)b-l%gB\é%na b muRB8&kr Gt Vesy W1y Cdpel @Jl{ne@io}ﬁ%b&e it.

sensi ng device with good el’ectrica
i nsul ati on between nei ghboring pixels. [0069] FIG .6

[006BLis t Catle300:090 forar pipds i rhetaseenping Heyiccoyite gpqd destricah
ingﬁlgtio%fb%gg%ﬂlﬁ?{g}q@?ﬂgqﬂél&600 and cel|l 400 is that the

cont act bottonp-type region 604 is bel ow
and in contact with the contact regi on 606 bel ow
[0068] on FBG46 illgstratescnothenpassibBosritionsafcelh 400, Addjffergnce between

SRy B P P e § o s
infc@glacnsiti the _ﬁﬁdacfnye;g.ihn;] 6(1|6$Hegjrw ?gﬂmtggé.r@némy:tardeghfge ﬁﬂlp gnstroggly
g SRt aguneb R o g HRISE RGP 800 e
the AURb&RITchiadtir@diéns foimddy ddFusikeT dHd3Bd Mingbe@ bf GiRaingall e top

~that electrical contact be made fromthe backsi de,
inslatéon layes cambe iwvcsH decl] 6P0mmay begadvayitagepus: HBRYRHHET 19y

bk R8BI M SABRARANRECH G onthet
fufihe, 1F e Ao, HomP 8, By 7600 may be reduced in .
bemagafrors dre tacksidd (.c 4BObdeorsideinfllfie 6) efche plaate-sensing cell. For
e{a?n%lljé, 3 ((:jané})te s‘éehn“a'byf crocr)nnptari%é ﬁlfGS 4 and 6, the lateral size of cell 600 may be

reduced in comparison to cell 400 because fewer contacts are required at the front side.

[0070]  As can be understood, the exemplary embodiments described herein may be
modified. For example, the number of vertically-stacked pn-junctions may be increased.
The doping types of the layers or regions in a photo-sensing cell may be reversed. The
operation of such a reversed cell is similar to the operation of the original cell, except that

all polarities, biasing voltages or current directions may also be reversed.

[0071]  Each of the photo-sensing cells described herein can be used either alone or in
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[0070] As can be understood, the exenplary enbodi nents
descri bed herein may be nodified. For exanple, the
wWoose989e6 verti cal | y-stacked pn-] unctions mayPOESG2005/000122
i ncreased. The doping types of the layers or regions
in a photo-sensing cell may be reversed. The operation
of such a reversed cell is simlar to the operation of
the original cell, except that all polarities, biasing
vol t 0 r I '
o Gt Skchh SHrRarofts GE LRI TR ERCIRLY BYEAHm cach
otheftgithe Balatifreregioasisueh b aplatibromencbes drmgsnlation &ayenf
cells. In an array of cells, the cells may be

nt ageous i sol ated from eac t her b - .
IGREEF o PO Falpfon el ad PRIEETH ¥ Pl pribedherin
ndtREPHeSly Rehtloayeitove EADNEAIndedstoed fiomahisrdescriptienatd the danthgs

advant ages of the enbodi nents descri bed herein not
by-thprecskilled inds@toned above can be understood fromthis
description and the drawi ngs by those skilled in the

[0078] [ 00 ¢RUrséhe@BbVS@scritRe emBoYifefe 3£ ihlRdedatbodivsrative
are intended to be illustrative only and in_no wa
58

L L . : y
only and infg. wapHisnitiag c Fhestegerihe smbadipieats aresusisptiklptq BAw t o
. T _ ’
P PR b A BB b, AR B o e BOA e e
inivention] rathele i ihtendevcto rpasspasd 411 sigle nodibigatidnowithio ifs vdopkias
d%ISdEC e, .as defined by the clainms. WHAT | S CLAI MED
qfiged By R JABE o sensi ng cel | conmprising: a substrate
having a surface; a plurality of regions fornmed in
sai d substrate beneath said surface one bel ow anot her
and alternatively doped of first and second conductive
types, thus formng a plurality of pwjunctions at
different depths relative to said surface, said depths
chosen for detection of |ight of respective wavel ength
bands incident on said surface; a conductive region
formed in said substrate extending fromsaid surface
to an associ ated one of said plurality of regions; and
one or nore insulation regions forned in said
substrate, each extending fromsaid surface proxinate
and al ong said conductive region for laterally
i solating said
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conductive region froman adjacent depletion region.

2. The photo-sensing cell of claim1l1, further
w@oopndsng el ectrical interconnects in el ect rPCBBG2005/000122

communi cation with said plurality of regions for

detecting electrical signals respectively derived from

depl eti on regi ons devel oped fromso that incident

light on said surface through said electrical

i nterconnects. 3. The photo-sensing cell of any one of

WHLAT 8 cLAIPED 1swherein at | east one of said insulation
regi ons conprises an etched trench filled with an

in 1.9n: ial..4.  The photo-sensing cell of
lbléwﬁ?qé,s \Aﬁg,r%é[?%é@gf? ‘nsul ation nmaterial conprises at
| east one of Si 2 apd undoped polysilicon. 5. The

phot ®Substrds Ry 1R%ed Ur3FSany one of clains 1 to 4,

wherein said conductive region is nore strongly d d

t hand Plugalifisefgegignsdarmedyn éﬁgmsrvratg b§'é"ﬁ’ﬁ‘ %?d%%*ﬂfgf%/ %%%FOW
typ eano%her IE1RARE 15 BB ficg bhd Qo Von@R&ive kypel, dhu¥Forning
to 5, erein said plurality of regions conprises a

fi r st plugdityoof prunciionsialj differpi gleptbe taladive éyaishsurface, said depths
epi t axi al for. ' b ' : :
phot Soadfol Bl e i SF1epdch® ke eBvohus Hoffen cp s
regi Quafacg@npri ses a sub-regi on adjoining said first
region, said sub-region nore strongly doped than its

adj ag estduétB@iredion fobméd i shidexpanss exendingdrotteglidsurfane to an
region within sai,ﬁ Elgt]:re ion and to form an

el ectpoaisd oneral spid Plugaly ef¥521088i28% having a | over
resistivity than those of sajd adjacent regi ons,. 8. )
The PHOTHERHSHACNIEEPNSIorREGinGA SBPSt’i?FeaFflfgﬂ“ef‘@ng fram said
CONMPL fitdBroRinV¥Rd £id Mg WBIdCBn LItk felalohtfor 18@HDY idoating said
formed. 9. The photo-sensing cell of any one of clains

1 t ocqdugtiveredion Bora anpdigenedepletiogireion.ur al i ty of

regi ons each conpri ses one or nore contact sub-regions

2eXIHRPHbIGehditReHaif lafihi N | fether coapisiap eleoticadntdrconcadh
sub-regi ons mpre strongly doped_than its ad

€ | acent . .
¢ edieBtial SBITEAPR SRR PR Ohresions fas Pl clebirical signals
| NESORRREStived RomAePBRSPre8i3RS §eVa10pEd fro QR MSiMt@iondso that
plurality of sem conductor |ayers, forned epitaxially
oriecident lighs opfsaidiserfape through said electrical interconnects.
3. The photo-sensing cell of any one of claims 1 to 2, wherein at least one of said

insulation regions comprises an etched trench filled with an insulation material.

4. The photo-sensing cell of claim 3, wherein said insulation material comprises at least

one of Si0, and undoped polysilicon.

5. The photo-sensing cell of any one of claims 1 to 4, wherein said conductive region is

more strongly doped than its associated region with a same conductive type.

6. The photo-sensing cell of any one of claims 1 to 5, wherein said plurality of regions
comprises a first region and an adjoining second region epitaxially formed on said

first region.
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an insulation |ayer having a surface, forned on said
sem conduct or | ayers; said sem conductor |ayers
wa@bdosnosasel y doped of first and second conduct P@ESG2005/000122
types, thus formng a plurality of pn-junctions at
different depths relative to said surface of said
i nsul ation |ayer, said depths selected for detection
of light of respective predeterm ned wavel engt h bands
: r
B L o e
i agjoinatg said ﬂrstyregloxﬁ caidisnb-ergionmerctsirongiwdopedahan its adjacent
electrlc i ntercon 1. The ot g-sensi ng ce
PO L0 iR SLF G SO aE PO BB BpR T o (6 an
SefeRiricdi$athlii 8aid BeH-fepfoRmaling adeédr redi stﬁ'ﬁtﬁlth’ﬁhlﬁbse lof dald adjacent
wherein a first one of said sem conductor |ayers
cHENISses a region adjoi ning a second one of said
sem conductor |ayers, said region nore strongly doped
8.t Fm@ phdtS-s@fing&embf EI8 % ©BSclhith 1, ifiRther 8XRpthPNwafer 8n which
depl etion region within said first layer and to form
anaid fiest ragiandb fgymed i n sai d regi on having a | ower
resistivity than those of said adjacent regions. 13.
Tqﬁe gm&-géﬁﬁ%%bp 19f &S'l (JneQ)ff cBINYs PR, VhefelPbrBor hibrk 8f hid
In one more "of sai d conductor | ayers conprise
ophlr:drty nfmeglon@q:mhcomplesgs onEsor reere lontae sulf-regiing estsndiag from
,on gy, 49 edp tha 0 S
e ety s oA S AT o sl A4 ARG pet B8
p Bﬂyhﬂms £ ns Gr tabrcomiectivnywitinen ﬂéctﬂbeﬂ imercdiheto 1 3,
further conprising a wafer on which said plurality of
m,conduct or L ers.is formed. 15. The photo-sensing
]%g?hobq’segﬁ'ﬁgﬁ? RIRB¥ei n sai d wafer conprises a
sem conduct or Iayer nore strongly doped of a
conch@uialiy af peraicardustos tayensefogmgdenianiglly pee Jf tog &f another;
plurality of sem conductor |ayers. 16. The
photap-issagion dayeehavingfa srfapenfarmed on gtidisemivenductor dayers;
conprising a conductor attached to said sem conductor
| ay evidoemsanducieflayers aliernatel edaped néfitst and seeorgrronductive types,
g: :C hd rmx\Mls%gt ‘laurglﬁnn él\ag:tmns-le_lp glfigt%gggepg}%g?llaﬁge t%est sgiface
and (ifl?.alld fiSsulatibh Diyexi &yd& ﬂepﬂlﬂq selenied gmsdetedtlm ofi legghn of r&wtlve

sal dprgéeltjern?nnletd wa%ler?g% drs](?ryc%ent on saYcF surface;

a plurality of conductors, each extending from one of said layers through said

insulation layer for interconnection with an electrical interconnect.

11. The photo-sensing cell of claim 10, wherein said insulation layer comprises SiO,.

12. The photo-sensing cell of claim 10 or 11, wherein a first one of said semiconductor
layers comprises a region adjoining a second one of said semiconductor layers, said
region more strongly doped than its adjacent regions to limit expansion of a depletion
region within said first layer and to form an electrical path in said region having a

lower resistivity than those of said adjacent regions.
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formed on said insulation | ayer of said wafer. 18. The
phot o-sensing cell of claim17, further conprising one
wWo@R00sm98s56 sol ati on trenches each extendi ng bet MeBRRGHAF/000122
insulation |ayers for isolating sem conductor regions
on opposite sides of said each isolation trench from
each other. 19. The photo-sensing cell of any one of
claims 1 to 18, wherein said plurality of pnjunctions
1§ ‘%’iﬁ@ hg‘tg%erqsménc%ll/o??ﬁﬁ &H%%tf'c@nﬁs f 0 l‘ée@vﬁgtjefn e OF mbt¥ K%aid
of 1i1g I'nci dent on sal d surface.
2 (&ondfhcme Iayermdtmptimorxd@v moee @oief iegions) eacheongrof mjd eontact
phot.o- sensi eIIs .COor
Ciregigs Tion sty dapeq B8 s ARhreRhon nE kR o pfpaic
phetfrcensi ng cells electrlcally i sol ated from each
other by an insulation region. 1. A nethod of

ormng a semc uct or deyice n j taxi al
1‘brT6‘ﬁnPh‘§°t§ﬁ“Séf‘gv€§ &f iy ?ﬂe&? Slairey g lgpﬁgﬁigr Bimprisfre g leron
and; dHedai A1GkaRly to%é‘rﬁ‘ifcbﬁ/cﬁnkﬁbr g9a8ek Rfméd.r st and second
conducti ve types thus forming a plurality

of /""-junctions; fOSIng a portion_of each one of at
15 dhs phetaenrsingsesll of plaim .iwhprein saidyafes compyisss  gemionductor

t ﬁlii)l'eos@m}'n%\% Qbp f'%%bﬁidlﬁﬁp@?gg sty 55' t99§d101§§1'g%ne of said

ation aving a sur t he depth
ofp&aaldyuf;iannmndoﬂsr lapdrati ve to sal d surface
respectively chosen for detection of |ight of

1 g:f]lf(lj'n]; grn(gtg itsem eJeﬁ 3¢ UA L grsclﬁlﬂchSq AHhep ?bn?ﬁﬁsﬂ'\ gsiJJotl or

& conductor on each’ one of sal expose
partached s saﬁbﬂednnmdwhnmtlwyer ek saixhwafeg fol irdenceraieckiantp @s elgctrical
portions through said insulation [ayer. 22. A nethod
Fm?@PWFWb a seni conductor device, conprising:
epitaxially growng, on a first layer of a first
17.0mhe phidto\sensingaell ofl caide 04 dvieasie said vafen capprixss & eilicarelaperand

conductive t t.hus .f ar.m a first Lr-juncti

F g o Sl Rk s gy said Mgl il b g prr ayers
dp&etddh sgidiifbufaibs layeosTduiatvara. t ype, thus forming a
second/ wj uncti on; gorn1ng, in said first well region,

a second wel |l region, doPed of sai d .second
18. The photo-sensing cell of claim 17, further comprising one or more isolation trenches
each extending between said insulation layers for isolating semiconductor regions on

opposite sides of said each isolation trench from each other.

19. The photo-sensing cell of any one of claims 1 to 18, wherein said plurality of pn-
junctions comprises three pn-junctions for detection of three color components of

light incident on said surface.

20. A semiconductor device comprising one or more photo-sensing cells each according
to any one of claims 1 to 19, at least two adjacent ones of said photo-sensing cells

electrically isolated from each other by an insulation region.

21. A method of forming a semiconductor device, comprising:
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conductive type, thus formng a third /r-junction,
said pn-]Junctions at respective depths, relative to a

wae osaedsof said second | ayer, chosen for det eedT/662005/000122
light of different wavel ength bands incident on said
surface; formng, in said second |ayer and away from
said first well region, a conductive region doped of
said first conductive type extending fromsaid first

! ay &l té)!?z{l@ g\vi% bl 25658 q)ILLrQlY lof 12389 ohO6MPAndher and
b SHS RR ol e Pl ot

i sol"ation ench I'n sai d seco yer proximte and
al ongernatit!ycdupdd of finseandagéond chuductiwotypdsi thgs fainghg a plurality
cond&mt Lve.region froma depletion region within in

sai @1 BEEB B Sayer .

exposing a portion of each one of at least two of said plurality of layers;

forming an insulation layer on said exposed portions, said insulation layer having
a surface, the depths of said pn-junctions relative to said surface respectively
chosen for detection of light of different wavelength bands incident on said

surface; and

placing a conductor on each one of said exposed portions, said conductor

extending from said exposed portions through said insulation layer.
22. A method of forming a semiconductor device, comprising:

epitaxially growing, on a first layer of a first conductive type, a second layer of an

opposite, second conductive type, thus forming a first pn-junction;

forming, in said second layer, a first well region doped of said first conductive

type, thus forming a second pn-junction;

forming, in said first well region, a second well region doped of said second
conductive type, thus forming a third pn-junction, said pn-junctions at respective
depths, relative to a surface of said second layer, chosen for detection of light of

different wavelength bands incident on said surface;

forming, in said second layer and away from said first well region, a conductive
region doped of said first conductive type extending from said first layer through

said second layer; and

forming an isolation trench in said second layer proximate and along said
conductive region for isolating said conductive region from a depletion region

within in said second layer.
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