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FOR WAVELENGTH SENSI TI VE PHOTO SENSI NG USI NG MULTI PLE
WIONOGMBIIOONS CROSS- REFERENCE TO RELATED APPL [PCARNG2AE/000122

[0001] This application clains benefit and priority

fromU. S. provisional application no. 60/561, 152

filed April 12, 2004, the contents of which are

i ncorporated herein by reference. FIELD OF THE

I NVENTI ON [ 0002] The present invention relates

gener al METHOLpANTOPEVIEE AQR WAY BIENG TH-SENSETIVE PHOTO-

phot o sensi i NuRaUS Rl SRIFLPEAPRASIEHRYS sackaron
OF THE | NVENTI ON [ 0003] Wavel engt h-sensitive

phot CROSHRBFEREDIARETO RHIATENAPPLEATIONY sensi ng) has
applications in a wde range of fields such as

i ci pe. and. bi.ol ogy, ,the. foqd,, printi and .
1088}, 76is SPrlisation fadis Seiehuang pripRi e LS pxfiiignal application
nd. 96/5%1 ,!15‘2’ fidd Aﬁhl $2, @@64} thé esents o wh'i@&)’ar@ EndogpRated hirein by

to nonitor or detect the transm ssion and absorption

refrencg.ght of a certain bandwidth by cells and tissues
under study. [0004] Color of |ight can be sensed using

PN JHBCHIGIPTRRIRYENIROR- di odes. As is known,

apn-junction can forma photo-di ode. Wien light is
absorbed in a depletion region around a reversely
[0803s e dTherpresgatcinyantion felafes generele tocphofd-tensing,ragd graser at ed

pap(}éﬁla}lg to &Qﬁ%@%&eﬁgfgﬁc& ﬁf’ tvg\;;/etl%n éﬁﬁ&n_&ﬁ% mog(r?—geg{sﬁ% %gin 5 nt

carriers can ect ed si ng el urr
mutipla pugliriciiges. acr oss the pn junction. The sensed
current or voltage can indicate the intensity of

lig | 2 1.on region. Since |onger
mvgf"e‘%‘?ﬁb%w;ﬁ peneﬂcg?e deeper bel ow t he
surface than shorter wavelength |ight, different

- [00@3])el eWgtdiengtinsedsitivé plamo-sensing doftenirefgired teas chlor datsing) kb

osi,tioni,ng nultiple pn junctions ,at, different. .
pillssbaE i i P o Syl as e R g e S5 Printing,
and BERAC indidiGesSARIAhE IS, Bbr dxiafle, inShe Stady SRR11S AdisBRYit

narrow bands. In a colorinetric approach, the_ col or of
may;bgpecessary (gpoRjtog of dejgst thedransisgoandapsasptionst light ebo

certain bandwidth by cells and tissues under study.

[0604] Color of light can be sensed using pn-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 pr-junction, free charge carriers are generated due to
photoelectric effect. The photo-generated carriers can be detected by sensing either a
current ot a voltage across the pr-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 pr-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




into three primary col or conponents, such as bl ue,

“green and red (RGB), which penetrate increasingly
dLAPEPI8PIft 0 a semi conductor. Thus, the col or @CIVSGIRAS/000122
can be detected using a sensor having three or nore
appropriately positioned pn-junctions. 10005] U. S.

Patent No. 5,965,875 to Richard B. Merrill, entitled
"Col or separation in an active pixel cell imaging

int@ thr&ypringdringolar ¢ompohentyyehidh ﬁtbﬂdéggrldéreand rédh (BB}, Svhich penetrate
I ncor orated herein by reference ferred herein as

incrggipgly deener intqjp semigenductgr. Thusuthecslas P?E%lﬁﬁuhge dejesigdusing a
serfsSHAvB rBe M&e%ﬁﬁ)ﬁﬁlllitel? hoflisrRl pR tjuﬁclﬂgnéjev' ce

I ncludés three we shapédpn- junhcfions (referred to
as a triple-well structure) fornmed in a sem conduct or

[000%bst Lhs. ePatenEH@*ﬁ 6 Site Righgrddd. Merrillmntigpd | @ﬁl@r gayation in

o SRR LSRR g PBPASRAR Sl Ao

hereieby ecfeicnee (pefefredietéin as“Mﬁnm!ldi’)chgclosés a fpnovel @larserdsirgred
LNt Th I,

devji i PRYETRBsin o plreferdE e 3R MropaE P

junEtfuns exsferaed & astdteiplerwddl fristd) férined ¢f MidsicaidactbPsubeeatdy
diffusion. As is known, it can be difficult to form.a

Eachdprictigr f5 3 arapaserifste sty 19rbatitsibisy spesfeak Gegpepents of incident
light 84l bedbkeRfel ¥ ‘Qﬁf%@nﬂé cu'n%n@ €@R: thd FedSectide ﬁ)‘?#{ﬁl‘btlﬁ%nﬁﬂ Grray of

based on the tr|p structure ave poor
pixgle isffomeslrin the C[em@él]heme@wersolateﬁ &y depddowstbmgions ey tr,
v at veI C erference
thls%le?%e hae& SOlgl ShOF?CO{m E?]rcef‘l 01?]1 tﬁe Erg)?e-w?flll struc yles are ormed by

d:ffasipra@erii krumlrd ft. ca:Sbehlfﬁcultao cﬁarma welctieﬂmd Qbrupﬁ)i:ri _]unctlon by

..Jnterference ¢can, Qc et we dj a
d‘ﬂJE?‘%QP?'%FPé%B’gE‘H‘“ ﬁ%%ﬁ? T&Ef‘éc"i § ﬁft‘P gvellr ee

stm@@ferm@rﬁavgb@m@ﬁogﬁﬁ@enear one of the pn- Junctl ons to
an area near the other pn-junction. Further, it may be

S|rable that the size of each, pixel in a sensi £
[00g6] ayMioSeOg‘Ffa?hF parermangs ofsMeh peisvitescan be negatively affectedly

mte}fiareﬁ e'&@ecg'a ifabénlt - t]ﬁrf&tmlﬁqn'a%gl?o%@\geénsa La@éﬂtgalsagﬁ’chaa

smal I pi xel size triple-well structures
croshumefio onned intexferiencetdan necup betweeretwordjdcentand cbsely disposed

pn-}?%&%hgcﬁea% ng?i?tyof ?tleg 8arﬂ?tl§ ?xiolmt dédéaene%{"”ﬁéfo h‘{f Hations

to a:Pat-e néar Ne. otléer %auﬁﬂﬂm TRurtReG haay te.dediknbid thiat thc&me ﬁﬂ each
"Vertical color fjlter et ector ou array

pixe}, iy 4.3505188 FRAYG w?%efgﬁthﬁ@g%mewer l@ﬁ@ ?ﬂ“é%?l %@‘l@git tp

achiRVddel 1soldﬁoi4\’ﬁh&5‘sﬁ15]?pi%€l's‘iieq’ﬂm NF&t@akﬁﬂwﬁnﬂcsl MaRhfQhR

are isolated by buried |ayers. his device, the
limitagens @@ltheyp@fmw qouﬁd@rmm may a@amkpnb@fﬁcakéo tRepge the

Hoyeyer. this device still suffers some of
Smeoﬁg gﬁ %on1ndé di scussed above - it can be difficult

to keep adj acent
[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




2 WO 2005/ 098956 PCT/ SG2005/ 000122 pi xels wel |

isolated while imting the size of each pi xel
WQ00HRIBIS6G t can be difficult and cunbersone tPET/SG2005/000122

fabricate this device w thout advanced technol ogy and

speci alized equipnments. [0008] Accordingly, there is

a need for inproved nethods and devices for sensing

col or based on vertically-stacked pn-junctions.

pixeldMdiiRso14Ed White liviRDTHGelP @M Ipi el PRIber, S1Ras bogif&ilt and

can include one or nore insulation regions for
cumbgrigmg tpyfabricalg|this feviceamithoubttvancegiteshaolpgy arklspeplized
mﬁ@g for laterally isolating the cell from an

acent cell. The photo-sensing cell can be used

alone or in an array of cells such as formng |ight

[0008hsi Agcqridinglys there iaa vedddr iprevadgnatbads@ed dgdas r sepsing
e good isol ati on between

col ée‘]‘ra&e'{n er']tlgaﬁ S&le%?}?dgﬁcgl\éh? or between adjacent cells

|n a sen3|ng array even when the cell or cells are

smeSUMMARY Qe THEINVEDSRON di sposed. Since insul ation

reg:ons canhbe made | aterally small, such as by
I .
[OO?gE h gl)&' rh%t §eﬁsﬂ§g g«%llo (?a\lllv éxlécﬁllgdgn rﬂe ois 1% Fet :hg’dgarllt(oﬁgé%%nssfor Ilaferall y

isol&hﬂgeaﬁ_]a&bﬁthcglom in nhmll@nd)'ssfor tﬁtmtll;etselnmeg the eﬂnﬁ§>mAn adjacent

e S5 S S, 2 g i

senQﬂQt;i‘SlGlshﬁ—‘é(%lor #anhpsevieof il €, and very abrupt pn-j
unctions with very well controll ed features. [00121

Accor di ngl in an aspect_ of the ent i r1 ention,

[003@Lt oA §éwraﬁg" Eq8Hqn Gag proyids\goge ipolating psedibiereat rﬁglons in 8
cellGF bhtwldars ac?ac%Hpc%ilg it fseﬁélﬁ%a@asyaég@ﬁ QEEn tHR cRl1 BF é’éll’stabé sfall in

regions a formed Iint trate beneath
snzemdfchmdydmeosyél Sincedinatldtion regienspan bemade h&ﬂrﬁl{yérr}aﬂdwbas

o Gy SRR SRR BBy DY R

havé ehall sive vtrlth lbh;e)rsm fcas-interfdpenceept hs are c¢ hos en for
det ecti on of Iight of respective mavelength bands
uctive re

ncident on t ace
1003 §f ¢ 115 Sensite el o B R piniy B i R T by S S
conaa&mayat Bietkaes, dupirglieved|depiakiprofilefand ©@ly@BEpt S funetions with
insul ation regions are forned in the substrate, .

VeU@H@h“@%PHﬁHﬁW@“ﬁron1the surface proximte and al ong
t he conductive region for laterally isolating the

[00£BNdULEdo¥ding19%h QR adpe@Bf M 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 regic;n from an

adjacent depletion region.




adj acent depl etion region. 3 WD 2005/ 098956

PCT/ S&005/ 000122 [00131 In another aspect of the

Wi 08EM8936nvent i on, there is provi ded a phot o- PENEGIH05/000122
cell conprising a plurality of sem conductor | ayers
formed epitaxially one on top of another. An

i nsul ation |layer having a surface is forned on the
em conduct or | ayers. The sem conductor |ayers are

HE nIé'taéP‘Jﬁ%%p@él ofthe present irventicng thereds powidied & iphisto-sensing
tions at

cell X?I?g isi n{'&‘élurai seic :|1(Rxcp ri‘ely%a%ﬁorg{ﬁd?egg%(u%ﬁ/ qng on top of

anpthen, Iﬁatmsmhtlbmjwer haVing adesfhdeds forMed 6h thelseflichbMuctor layers. The
redet er m ned

|ight of
seiffEb sk Ty arm At el saved G it an e nd soncustin trpes g
forﬁfmg:mpldb&T}Oéf?anjﬁncﬁtﬂoﬁﬁatﬁl"@é{'bﬂ d%ﬂthf]f%?ﬁﬂﬁ ﬁ)otﬁg WEERE of the

enFIs from one of the |ayers throug e I nsulation
ms|u 7 layey, T ‘P‘i‘ﬁPgTS@fﬂﬁﬂ?éleﬂ(ﬁW defectiomef lightefircspective predetermined

wabElbRJiE BAAE %ldeLp&]tﬂ; drﬂc@ A HIM i‘@[ Cfacggc?ucg%sms (?ifﬂ FENidgd-

present |nvent|on ere
Eachespnductarentsnisirer omneftbc Iayas ehrphgltthe seulatioidagefbiS ,

_ c e of the two preceding
mt&‘@o%lﬂe&lo%%lga[n%ﬁgj F neetot her aspect of the

aragraphs
present invention, there is provided a nethod of
[o0r 4} mi hga ﬁ,lrthetnaspem dfntit presel® Vrivestior, thetd s provRied @demRonductor

d ura ers,are epitaxially grown on a wafer,
o 0Bttt S 5B DA SeIo T8 R oo apeEpEP one dtihao
preaﬂmgqﬁfacgf@hs conductive types,

thus formng a plurality
of pn-junctions. An insulation layer is formed on the

Ooiﬁf t of layers. The insulation |ayer has a
(0085} ¢ alocyehapther neeAfithe Rsfsetlmmmrop,uhm isamevided amithed v

forrhifig a S&thicBkdicRE Bevi&sS REHIS dt’ % Iﬂg‘gﬁ gg Bf’)fag'?'g ér%f Htgm%l ﬁ'f

light of different wave

growm, pn g wafer,ong on dercanothei mqmuamﬁvem dqa:dh)fﬁmmcf seo0d Or
upt r extends

con
condRiie Ohet B Rrtifhd ifmfly v Shieiopn B i g ormed
on t[lfqﬂﬁﬁ]ityl of layerst ke inaspemtlayk hhs@supf266 &dlthé HpA dF Kb pa-
_ d anot her, nethod of formn
iuncig Bl B S i6e T8 resnertiverehwsn N deieaaasoldisht abdithrer
wavgem Bglds Q{blc&nf o the surfR¥.SA cHdubtof Is g?afge@ of %&gtohg Bf dneldr

econd ayer of an opposite, sec conductive type,

morq ke plyrakiief layers. ibe ccgmluj:tgn@xtemis from the eadh layek throwghi the
nwuﬂﬁ&?%y&f the first conductive type is

[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 pr-junction. The pr-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




formed in the second |layer, thus form ng a second pn-j

unction. A second well region doped of the second
WEORRMIBIS6e type is fornmed in the first well r@§TEH62005/000122

thus forming a third pn-j unction. The pn-junctions

are at respective depths relative to a surface of t

he second |ayer, chosen for detection of |ight of

di fferent wavel engt h bands incident on the 4 WD

suBROTROBIRE] REhLSH08R/10AEAZ In theedond Bryerdhd aWRY HiReh the first

further includes formn in_the second | ayer and away

walkregion, taecopductive region|dopedgfahe fisst eandurtive txps cxiepding frea*ptaa
f \f

rﬁ 6{%?&%@5?&#@9@@“ ee('lsoﬁngtf yxﬁ%ﬁt lg(;] (gﬁogefﬁl]f:lgg? tgﬁgecmﬂ ﬁlg'er

prcb:eimhtahmbaiong te conduntitchegios farishlatig e copdurtiveratgéonafinein a
nduct |ver ion for isolating the

de@S‘iﬁ?ﬂﬁrgﬂo{}é"@ SFFCE% el"depl etion region within in

t he second Iayer [0017] Ot her aspects and features of
[001%] prEhatkpdct\end féaturesdvfithe resaniavapipaméll bedome dpparsst to

thosepf s WL e dhemsrvicy e eI EReRiF SRt specii

em'baerﬁiahﬂs QPthk TveRfbrLiA ChbhRActintvWith the a6 ﬂﬁ&@/ﬁ%g
figures. BRIEF DESCRI PTION OF THE DRA 018] In

the figures, which illustrate way of exarrple only,
enbg&lﬁ%%i?mm% OBFFé*EEe‘HBAWWVﬁu on, [0019] FIG 1A
is a schematic cross-sectional view of a phot o- sensi ng

[0 . In ﬂfém}e@r%lgﬁ llﬁﬁtrﬁm%zﬁﬁﬂtexé?ﬁplé bfly PnftsoRithents of the
i nvention; [0020] schematic, parti al

Pfeéf?ltﬁm;’cBM| onal vi ew of a sem conduct or device having
a plurality of photo-sensing cells of FIG I|A [0021]

[oogbfe 31651 1§§§Eﬁm£ticccro§§as@$ﬁ0§hl VW SFs ﬁ‘lgtﬁ&kéiﬁﬁxlg cirew of

m conduct or device having an exe
exampbdre ofan embogimertt of the ppésentdngotien;ng cel | of FIG 1A
[0022] FIG 3 is a schematic cross-sectional view of

[0@?,80 d%‘iﬁgg{ﬁ%% st%ﬁaﬁétﬁg a&ﬁlﬁllcross-‘éé;‘;t‘i%mﬂ el glf a[ %g%%ﬁnd%(it&

e pré ent 1 nvention;

devicettaving ampburalag péphate-etnsingchbneft F16,. IAart i al
cross-sectional views of sem conductor devices

5, 8 L SR AR e
hav‘irfg&lg eﬁtte@hplaﬁy mi}sﬂen@eli\thtloi? of thie@hotoednding ¢elid:lf FEGelAhe ’
conducti ve

[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




types of doped sem conductor regions. The rel ative
dopi ng concentrations are indicated wth trailing

WO 2905098996 . . . . .. Alternatively, the terns "st PERGFGPI05/000122
doped”, "normally 5 WD 2005/098956 PCT/ SG2005/ 000122
doped" and "weakly doped"” are used to indicate the
relati ve dopi ng concentrations. [00251 FIG 1A depicts
schematically a photo-sensing cell 100 in a

dopedriapd ntverklydopedieare vsed tejndliaiedthy reddtiva doging oaticamtrdtiond.
the present invention. Cell 100 includes a substrate

[0d35 (mad ﬁlde;){icé@Mati%wgg%é)gy&k{éiégg%lsf@ég,a%ilag"oniu:f&)r

Ly
plurality of alternate
deviegd exenplary of amembatlimentofi betpreseet id@htion Celicl00nchnies her
8. are of

f 4.. Reqi 6 d 10

sufRE 0 ooty 3 Riting Arur ot s 108 A Bty oy dematetydaped

regidns 466,108, 110chd ©FBard Tkmed 1ibsibbehtd 162 detbeldd BRheRbeneath
ths, di, d2 and d3, relative to surface

e

S“fiagg ?%#'sééwfﬁ%@ngéo& agppf rrtie Adgegiansat 1l aof d42 aresd pityiee:

This) et juhdtdhs 188, 116 mcﬁﬁsdaké foshed e r)é@%@th%%tﬂ? i, and ds,
Frs int deplétron

surfacCe 104 generates charge carrie n
relatixg towsfaeralfdl wherd 4 <obtdh healspibs ariewbosen se thabimsident fight at

i f..the three differen .
thed SEAROR sk ghts O lihoeclog fork res cpiiel e drgteton
regivhodenloped frdﬂtm]tcekpeﬁti&f jubdtigﬁs in(rlaéppﬁgal’ 16 €t I(g@% ofehd thr&d
. R) conponents of_ the incidept |ight. [0026] A .
iSO s on SBls ifcHBP i o e Ghesen Prsiecetion of blue
(B)StednAGY addrbd (RPEUIMSnbME of the HcRRndigdh¢ can i ncl ude a
sem conductor nore strongly doped than region 112.
é&OZ? | nsul ati on regi ons 122A, 122B and 122C (al so
[0026) | o cPRdictiverisgion AdP oxterdsifrom regionddB saisurfaced04i Spnductive
iBREN) @RGRISR: of Johf |
reglI nsul at ilon rgg{egﬁeo?gg%&qg&%gﬁ%‘ pé%)%?gn%{l(]er cr’1%llla'ong
f nductive region 120 to laterally isolate conductive
1007851 dAsulatien regienn 1238, 133 e BACHelw ovlettvaly apbiddividumily
' ' id - at in FL.G 1B
refbt S B aptovongs MhatheS Jda el 68 Rl ehily 122
extendswotimateiadé along sendatiianregion 120® 1aRARy dduthtd 22ductive region
of a cell 0 can Iateral%y

' d it
120 ﬁé%lqgseepéegfg)ﬂQ{Qﬁ(’)"{séef%]@g?‘?%?ﬂ’g"ﬂ\é‘?c&ﬂﬁé ing cell or
cells. Wiile only two cells 100 are depicted, it is

[0028) d e rstithasdratel an FIG.e1 B)uwiielr depfetshotphofeRasing cdlB106 arranged
The phot o- sensi

. ornmed on.a devic vary.. : ng cells
side b 5108 dn i o 328 a1 736 fepayid beppporiss ends pigpl1do:
can 18Rf:119isol0edcR LAY 800 FbHBMIABSurinQ Crp '

regi gn 1.22_e gan I ncl ude a tg?englﬁl[gf ?F?L%ﬁ% ?ﬁilgﬁmy%b s
100 grp depigted, ilgs 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.

[0028]  Each insulation region 122 can include a trench filled with an insulating
material such as undoped polysilicon or SiQ;. For example, the trench can have a SiO,
coated wall and be fiiled with undoped polysilicon for easy fabrication and good
insulation. One or two of insulation regions 122A, 122B and 122C may be omitted. For




mat eri al such as undoped polysilicon or Si Q2. For

exanple, the trench can have a Si02 coated wall and
WeB2003/9982% wi t h undoped pol ysilicon for easy PCT/85G2005/000122

fabrication and good insulation. One or two of

i nsul ation regions 122A, 122B and 122C may be om tt ed.

For 6 WD 2005/ 098956 PCT/ SG2005/000122 exanple, when

cell 100 is to be used alone, insulation regions 122B

exatifle, WiRf cBRYOPR to BéTised 88ne, hidGitibM fagioht 127B haDi 22T fi@ybe
ext end deepe er or shallower than is shown in FIG 1A

onm@éeﬁwhn@s jop FRgionypy extand drepeporbiaiesverthanis shavyin FIG.
L L S

isolmtiom)dl fied Shallow Trench Isolation (STI) technl que.
[0031] Photo-sensing cell 100 has a nunber of

t .

ol o R R B B PR E S e gt st

Trefiel Belatiog (ST) Rekmiqueal si gnal s respectively derived
fromthe depletion regions devel oped around junctions

4, d1 t hat
100338  bictss2ine el 30 pis congptes of Gioal fibePePL IAAcc, o
respeéivel FardbnRh@fiddtion MithiréiesA06, 108! 1107 4ndTHI2 fonddtettiag a
conductor such as a netal. For exanple,  interconnects

electrionl gigyalp, eospasdiuely deriyed o W deplepprryeions develgpedarpunge
_|un§t 9% 44 456 ¥Ad sc?Hl'af .ﬁ&hé‘m tEHn' satEceAUd R BE QPG thRIugh

ication tec qgues. l'ary techniques that can
eled:mcall sﬁd'cqmnecth d24. £3ch dacttnmh lmrc@‘@leﬂ 124 omrydneludsi aseonducter

suchgs & RREY. Fof Grontell, IRENSIEAR 1hPmBE BL BAREHENShm. -

is incorporated herein by reference, and Merrill |
[0032H Meei i100 cdnlhe fompdasingany aﬁlablenm&teidimrsl semitonductor

fabiichilon Ehuis) Exetmdy et St filin B8RP Rindt cen
1005¢ dik@6seldtn HoRg Xido, Inrolition ?@Sénﬁ%r%mbhﬂ@n@ﬁ&ﬁhh@t i on
and references cited herein. [0033] Fo
Techualoson PSR BAOT. YRGi ISOrBRTAECEN™ BY ERAGS ing Mertill 1
' andsf&gp{xﬁ Sik g%fr% oﬁuﬁﬁ@fe%atér M and Wﬁ)&tlorﬁ@ﬂhﬁche} (Y cMrSO

y epltaxi a growh on re Each of
apphmgnon aan BB adillylselected andimpldmentaddy mson@ Skﬁi@ﬂ !lmthe art, after

_ |onfoIIovved with

rev'ﬁ‘?’fr\giﬁ'is ﬁesg 'f’{’ It &Ingl{et% e&%)%tg%e Of regions 108 and 112
may have a strongly-doped sub-region (not

[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 pr-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




shown) fornmed at the interface of regions 108 and 112
bet ween insul ating trenches 122A and 122C, as will be
W@ 98ue88W bel ow, for |imting expansion of th&CI/5G2005/000122
depl etion region developed frompn-junction 118
wi thin the sub-region. As can be appreciated, an
el ectrical path is forned in the sub-regi on which has
a lower resistivity than those of the 7 WD 2005/ 098956

adf3bert Rgp@R5/ 000122 adj acent regions. [0035] O her
regions or layers such as light shields,
antireflective layers and _insulation |ayers may He

[06351re OtbeF reiBg praRxersisysh anight shigkd sawreledive yer an

: I}, § Lo G I [ itional

ingfioh KBRE I LS U2 2B 2L, il gpdifiona

regppesrantl layess cambappdilyedetarolined do pewpny skilleddethisiads one or
nore of the pn- junctions 114, 116 and 118. A beam of

Caht ds incid
O A e SRS A AR MR e
junbeivied 401 Handf118. 4lteam fof Hightdsincidentn snecelid4 gadiatrsatbed at
it iR ooty Y02 EPee opoiBE pyavi SR b, Frvs st
mayib8 FenREd I S fBoR PegRing @bVl dpRl fivhiiilof pGihcesnsa 14, 116 and
current or voltage in the electrical interconnects

11§ purespengsominpidenblishs andiproruqerie sdrspical signgl fusg @dm currener
L T G
The butpet sikey! is dependers g thesanaunt biflight elisbibed amthe degdetiog region.

.three different .spectral_ .co nent he ;.nci

sit e &5 il R oS pr S B, iR b

copdricAE OF theanidat Hfeanbd detetedt rol the size of the
depletion regions, for exanple, to adjust the

ctral responses of the depletion regigns. T .
(oGS 1R AP0 BP0 5okl Ca U Ghapent cpEb! e iz g deptetion
regRe! Br SRR, triAdhesk BR@fedul fesponsd3af @ildepdaon RgRA5. 1hES,

supra, which provides further details on operat] n% a
oparstiqalof cplli 4 is shmifsnn e tripdpreiel ghetetsensordiselosed dn bi§- dgtent

0 i SotiRSPTipRSLRidN photo-
N R R o TRlal 2 B B SRR ARl By photo
senping veltl dhuk) eletat edhopeeayioo wf ¢dD100awidl rot bf disaissedheraimgi on

108 can be forned by epitaxial growth on region 112.

35S i P RBEFS Yk e sy
andfuffacd 10dnregivond®picat baforméd byeépitatiabgroath dreregival1l2. Mereover,
in TRt S e B A B e G o
diréfiof 8\@pichddy Bf EFI01 00 ad BOsmall, 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 pr-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
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is isolated from adjacent pn-junctions extendi ng al ong
it by insulation regions 122, cross- interference can
Wo20p3/9M82%d even when the lateral size of cel |l PCOGG2805/000122

small. Thus, cell 100 can be nade nore conpact than a
phot o-sensing cell based on the triple-well structure
and still have good performance. Cells 100 can be

advant ageously used in a photo- sensing array such as

anap ot MR RUeVRY LAAhAShaRE % Blgh deWhI) o shal piceishieeiliieg Bitagh
bet ween "adj acent pixels are linmted by insulation

regolitiionns 122B and 122C. The photo-sensing 8 WO
2005/ 098956 PCT/ S&2005/ 000122 array or imgi ng device

[Oﬁﬁgut MAScH UG 1 aﬂbﬁgagﬁ% ib¥s szmllhze'céﬁéﬁend deeper than

lting in hig reso1U|on As can now be
shewop indeliGa tl ddForrexginplesthep mBy axfdndmmgb aﬁ’gl@d Brfar bateper

mstuﬁl?'g{h Bgtb”?%adéa%eﬂtf§“§ ] Bf z?c{dlt%amce antd%%’cag%%/c\}\(gs)é{] t%rﬂ.?.A by

I'nsulation
cuftiflp #G6uHh veet] fegiodO106 dnd 130 €5 further, redlﬂ:ﬁ Gheclawer fiee deHt100. It

wil g a5ppeeo 5 o KRS e Bt 108 S GRS i be

reddflr:ﬁ@dlﬂed@?sﬁpﬁﬁbﬁ‘dﬁ pliat€ skilled in the art that
100 has a sinple structure and can be readily

ed to suit various applicatiaons 0
[0¢4QIustEI§t %slhﬁﬁaté&ma@pw@?%aw"@%wﬂh%&ﬁ %mc‘éﬁﬁmte 202
hasgo Sty Y RRE dr i) € oA Seo R MOIRG), 20 0RIIL0 BSHESRED-
The hmdugtm.uchow recessgiydior eamtastingrogiongil2 deahedss g |Stligngheém=d

cof RS T2 ISR GRS 0 e

elebtiiesldMeromitdts indhale mdtslcbhtactalR24.nt er connect s i ncl ude
metal contacts 224. [0041] The additi onal regi ons or

d t
R4 e e e SR R LA S
iay&?@.i[)((w) H\m&l@ly&ﬁﬁebﬂ-t}gﬁﬂﬁha@ [a96k 232 (Nﬂpwhle@ bﬁfbeafonsxdered a

regi on 208, stron oped cont act |
suhy@ggpns)f FegHI 28, %»%g%r d@B‘Fﬁ Goatact '@gi%ﬁ% 43@35] ‘N‘ZM)W alkeng 338

do#e ontad r prfstZrS@t(ﬁ;ﬁ tf.?:@“'?)ﬁﬁ SR 203 &4th eﬁiéﬁ(fhﬁg €rof4

|nte onnect’l espectlve el ectri cal
surfage 204 fom mm-ommonamm a regpestive/elegprieal indergdnnecici?ddansdge

rel%lg?ig\ﬁpron%%bg El%eb r%gef 5 &?(P fthe\’%n&ﬁ OW\\I'hlchb\ﬁ 03@301%!: glgﬁr beiow

yers an reg

have the foll ow ng respect ive dopi ng concentratl ons )
[0042put FoEd@mipte, the18yeed and-régibrermayelgive theoBowing 1&pedive Boping
_con%lar[tlffatngnsf af;out ?}gd'li? to 1E19 cm™ for region 206; 1E15 to 1E16 cm™ 3 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™ 3 for layer 232; and at least 1E16 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




208; 1 E17 to 11318 cni7 3 for region 210; 1E14 to | E15
cm3 for region 212; I1E17 to IE19 cm3 for |ayer 230;

WO 003/@89%6 | E 19 cnv3 for |ayer 232; and at | PEASG2005/000122
| E16 to I E17 cnv' for edge regions 240. [0043] Region
206 may be relatively thin, such as about 0.04 to 0.06
mcrons thick. As can be appreciated by one skilled
in the art, because it is so shallow, region 206 can

refiaoeahdirgiel Sikiemie of phdi6iganstated tairiend Mithih regisg 20€r ovi di ng
two contact regions 236 at the opposite ends of

[O@Egjaﬁgbé%?e@f pgggaéq%&tr tggq/%%féggf%lgg%ér@ﬁ ma.ly be thinner, for

exBfaple ko BRAARL of SRUUEE niélBnd.r avel di stance of
pﬁgto generat ed carriers within region 206. [00441

er be about. 4 to 6 m crons thick 232
[0 belttS]Pﬂlﬁlﬂw%er““deéFOOdébééfh?ld@PmBé@)’elﬁgﬂﬁﬂ‘twﬁné%ﬁ%@,éh%faym

anﬁki’ég%nsfin @elm(ﬁ)r :Qfsvar} 9&%&&111 bn ﬁﬁ FQP rfgﬂgﬁfo%ta‘ﬂﬁ &ify h@tt

Opl t_g evel’s and 't HESS ayers and
alwagubgrssecn tedc Bihen g@0ifieaplugaang gwpshcbr arg examplany and for

ication and will not always be
"‘Qﬁ‘r@{éb‘ﬁu’@&“@@ﬂk speci fic values are given, they are
exenplar and for illustration purposes only. [0046]
[0046]al | Ammdedatoemrlie'r, dayer R3%/Bm@8 Sranglyndnped tan dm gdjycent

ts a nt . regions to limt ex S
e B AL PP 201 G Bt BRI SErYRes FrLAE PaRonAR Wiin
layat 23D dhd tb 83tA anZfottrdalpdtioin 18Yei 23D whlch hhs 4 ro&}er Rafstivitythan
| ayer 232 which has a | ower reS|st|V|tythan t hose of

thsp, ef Hapaiaesnt regiogs-dhws. PRAtRssengiRsH shayenedrters danbranges
eﬁg&fvrély%ﬁe&&p&(gﬁ gef fectively collected from
é%?dAs 200 can

regi on 208. can be understood, cell
be fabricat ed i n various suitable manners. For

[0Q47] p14s, cag bp pndeggiogdagel b200qan e dabiigated insvarippspsuitabla gnagners.
Foﬁé%ﬂi@?é é’elpﬁﬁsgaygbﬁy%gﬁcfd'@{) st ﬁsr'?\élg{ng ghb@g E{ﬁée?gj—tygg' fvafer to
forthelpm ashdhe wva:fdfrmaya‘xapé art,}ammta!nie |s1iﬁe ared thickwesk ylfpmdingym the

2
eprlgacon, sty Py aSpeg AR oferd pRtaily Fhen oty ver A0 to

formnBjreaBlEdAlsﬂo@lﬁﬂéﬁﬂWpé R ﬂ@lmﬂ]aﬂté&’ﬁra sefediéd ve&pidmih Myer
ied layer 232. Due to the nature of the

213 WﬁP@h Plgtqdd?wer &3 Rus de thepire ol the mlwawgwélﬁmﬁyhe
m;ﬁé‘ﬂt@d"l‘i Foﬂmyleﬂ?éﬁﬁ u@&?a emzd%odeng?éa ih F1€! £> A%Tcaﬂ

doped n- type layer epitaxially grown on layers
typa kayer2is Bpltaama‘llmgmwragielay@emZ Ands232(tb Gwom lapw@88. A shallow, doped
p-type well is formed in layer 208 by diffusion to form region 210. A strongly doped n-
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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p-type well is fornmed in layer 208 by diffusion to
formregion 210. A strongly doped n- type well is
WOAEWSPIe regi on 210 by diffusion to form regiP6A/SER615/000122
Regi on 210 has edge regions 240, which are also of

p-type and are forned by a field inplantation

techni que. The edge regions can prevent accidental
field-induced inversion at surface 204. [0048]

NioBfh %Qﬁﬁeﬁf%& idnefd! 9&&
oG RaI0fs S0 2ok B UL PRI AR

l‘ﬁ’e& terl IEéP smofand;ﬂm&bpﬂovac@t@@mgmﬁ Riea nmcﬂada?ave a Surface

IGHIERDe S afiSRY B BRD U AsRaPbd AR, GELLAR s g

I act regi on may
leoanﬁeiwoahwanegio@ Begend bais pnhposeuli’crrmumda:tmg lowedyiog reghoms

exanp deep 10 VID 2005/ 098956 PCT/ SG2005/ 0001
(Seﬁmsae&mrrséggaﬁ@ 2522@&3@%&6% SUGR S FRINASt theiony 2?@@@2134)
mgﬁgé H@pSONGERIt hddds iy flr a DMK réegli_ﬂngtott@vé E&lﬂf&ﬂfr&ﬁﬁxﬁ

and ave

e shal | ow contact Tegions 23 238 may eac
capcenttation For exspinty 2 desnecepertian (edh regionsBadend E34) of # pongact

region ﬁrﬂl@r g?fea% [b‘&fr%g g{);gﬁéj%pen%e frd H6P iy 2 Ssh1RoRE ﬁgngﬁ {%‘.’g‘?,l refibn 236

on Its purpose
abmmt@mimg, dndwegion 23p abege mgn zgelxﬂhhtae)ntzegwgm Mim

21 t act 2
A o5 i iR isn s Sk g S B T Ay frlgnre6 and

thé Weﬁﬂ&pnﬁ@ﬂf 08 décperForGortal los ffer dﬁhéoﬁbﬂ’tgltlon such as by diffusion.
concentration. For exan‘pl e, a deeper portion (e g.

ropd8L.7 "Gepsrvecontet e 22 SR me SRroviel FpiPa B and

eﬁe%dgthfodgﬁgégq(;hm above region 234, and regi on 238
~above region 220) of the contact region. The hi gher

g&lt ng of the shallower portjion allows good ohm
(90803 ainswlpting teenakas 222 pretlResshn Ger IRPY A tprgue or any
I
o Budhifilr RANGE RRETinpidaftind) 12hay BRI i tching
trencnindeyer ﬂe@,mmmﬂgﬁhp saremir wal btoformya Sl(brlayﬁe ﬂﬂlrﬂe@ filingzho

AR R0 kTR D D e

relhﬁiﬂhjrlthﬁﬂk@o@& amyl;]e @Iuﬂ&y dqsogltedwarhiea rpol‘;isilibmd hasawbfficient of
i nsu atlngtrec 222 e forned.b st et chi
tharmalRansio vepeplo 2'1363? dosncraline TR AR e

fo@foﬁ'hiqg tﬂeas\éﬁﬁcoaﬂ@otoraﬁﬁrdc dﬂd'ré ndt MRerefof Hfébhéﬂ'i&ahstﬂ:ss in
| er 244 such illing W|th may be

sum‘a@rﬂﬂag@hmb camelteaué@ed }r;b ﬁdfer@érhymmheékanﬁ@n )érilf@mt fegions,
o Ak SE RO SIS RS0 s g
theottenoh mali smebihl Tieneh 232 mayols; ﬁmhttdled |usrngy;drjcablinyg teshalque 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 ceil 200, trenches 222
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for form ng the sem conductor |ayers and regions.

Therefore, mechanical stress in substrate 202, which
WERHOH8PYduced by different thermal expansi on PEI/SG2005/000122

different regions, can be reduced. Layer 242 may

provide electrical insulation as well as nmake the

surface the trench wall snooth. Trench 222 may be

first etched using a dry etching techni que and

mfd? bé fONRED Befor afiflitRSIoRTis fiRFhed, oilexBpl] B0t ddluctive region

After each etching step, oxi dati on %romﬁh may be

2qriconiagidegion 2%63@ trepchep 22%epade pasitiengd tp dimit the lateral

dl?fﬁﬁ&? (ﬂl % gothg%éﬁcaﬁg HedbA¥s n Wi‘lﬁ?ﬂﬂg& iR ARAR Ration

uce ng e éctrica
prbedss |Whﬁn| formaf lateirethe Ipas:esszczaxchsamﬂama stliDlbe msytidned to limit cefl
narize e techni gue suc en- .

SRR AFF R Ao A RO CEHE DU 801 o O difusion.

applications, to mnimze the lateral size of cel
[0062])  Thmbabconfdis\304 2RADMKASR NG RGTABERROD AR 22

may . be for d bef ore difrusion is perforned, for
aI%‘?'&H‘B’I‘ -Based g ?Wﬁ%“g‘aﬁ&?g‘ﬁ Yve region 220 or contact

regi on 234. The trenches 222 can be positioned to

[Obﬁlq t ABEtb Riyads afld erét&inﬂﬂstrub!&réﬁﬁﬁ@udlﬁ@@Frotectlve cover {not
ications, trenches 222 may be forned late in the

shpwbY PEvbe formedypronistage 204, Eor emplSqthe Zpuer meypdudsrapdpgdation
ia)t'& ?ﬂ%ﬁﬁt%ﬂg&g/e ?ﬂﬁ% ﬁgérj fbr }H6v ﬂﬁé Htaﬂﬁ%ﬂé?:tlbﬁ Bt ﬁ%h(f &hll a metal

eto a exanpl e,
shteld foudhidldinggkierms! fight. riﬁt;b cbycrdnafyfakm lawe a Wl@@ﬁ@@reﬂw&h a reduced

Nt g¢ e forne
iGhleR bR R R el B 50 A Bl Sy e
Wl_[‘.lﬂﬁ}’lﬁﬁlhctlﬁﬁd 214,226)anti 2¥® tcﬁal@nd'n&ﬂe&tght mhr]:iaﬁs thtdugh: tTheegindow
including g protective cover (not shown
anqa handl b fhads, b S Guablo FRtGEG) gt & cial-oxidg S@&%&“ﬁg&m oxide,
to h&Cdnv,dﬁoﬁae LARHn&NARA and BYSlso lﬁﬁzrﬁﬁE 'géxﬁ:ﬁ’:lt%ﬁlrbéb%tﬁlﬁﬁ}m
Iter” for preventing internal reflection of |ight

phammwamedmaﬁl -Shiistedfadeor shi el di ng external |ight. The
cover may al so have a wi ndow area with a reduced

[oé%dgc kng h%{"&vna EQ&B-SQ:QF@%G:Q B0 mxgﬂ?ﬁw Irh6her S

ve a I'n su ti al nment n-j unctions
enmmdxmeﬁtlcff,thaprdsem&vermoalm @&wmm:rc@lly llgmratt:d)lqrﬁfs 3t hotagh.

The w w . area shoul d . eri al
s 30 et e bl o Sy SRRt e BB TR
serfiidbyduiop iyde 306/ ?@J.?Sl I 0uEnd 31D Hforﬁi&d ohelbn &ipScif amtthermvheh include

gener ati on-reconbi nati on t
n-7pg KRB ang 398 pndpfypepgipn S&@ﬁﬁfq 3#? Sﬁ% QM%&S an
instflibn B ?9*3294&%(!%}1@%‘;5 SURO3GRL 510 MDA IRMatisH 1a¥E8B22 has a
present invention is schematically illustrated’ in FIG
su@ce BAdtThe three pn-junctions 314, 316 and 318 are formed at respective depths, di,

dh and d, relative to surface 304, where d) < d, <d,, 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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sensing cell 300 includes a substrate 302. Substrate

302 includes a plurality of sem conductor |ayers 306,
WIDH05/898056and 312 forned one on top of anot her POIYSG2A05/000122

include n-type regions 306 and 308 and p-type regions

310 and 312. Substrate 302 also has an insulation

| ayer 322 forned on |ayers 306, 308, 310 and 312.

Insulation | ayer 322 has a surface 304. The three

c&ﬂnﬂum&tdn%& r%%ﬁ’ons ﬁﬂs636m 31841 2erekIcliPlly, Fbr deRHBE EleMeical
dept hs, 3, relative to surface 304, where

s:@nals:rqg;zec&vqjg derived §1@m the depleting| regiomso thay gg;gtpng@m op purface
3bf¥?§lrb% d%lféﬁred ?}9?%%%%&9% $H¢ has an exposed top

nsul ation | ayer 322.
Conductors 320A-320D (also referred to collectively or
[0056] vi dusmlatipn bayer3320)lateraip iselates Nd&iuﬁmﬁwrfeormﬁadha)ﬂ@r gnd

nd f
ig3qhe s ugtor Brest 2f rbfl o BT AR calR PR eRRRMER"

In3BkaAbn Byer122 3sn Bd fofthéd ¢fftn iSRPIRE makitial fueh b Ki€),. As can be

Conductors 320 form part of el ectrical rconnect
apnReciBednpeorsliaion SHbESS erfiesTRRd Gb 19 5oe S MER OEvis

eMbddthfoRgh ﬁ@§la§(916[aye3 382 fc§ 1QeBrhedileh wite a8 ety interchiect.

detecting electritcal i gnal s respectively derived
Fénexamplecinaa gltemitixe en@gﬂmt sondugter 32012 mag tirn Lovged theright
h %r &%ce 304 can be detected through conductors 320.

1 0561 I nsul ati on | ayer 322 laterally isolates

conductors 320 fromeach other and fromthe
[00&7] c oGl 36@can alspchedornzd uamglanasuitabblmwria@ and|semBgductor

envi r sul.atd on

sapfiion 1) AP Rrieredtethb bRk it e s Prfihia
appHicatidRRAEEE RhEit; sehecra Al Bﬁ;ﬂémaﬁ&i somasonotkilladia theart, after

extend o surface 304, and, *yl hﬁ{vm se xteng0
reyisgfhisidetcriptien YK reigiraressitod peypm, RYeron0a, 08, 310

T A ' RERA hasb

e e B P! 0025%*5%:’%2%“%“% (0P pflons such 4sbY
etelfing $a thaftinsulpsing layet#22 qaobs npxtcf,@qmedm@hq:mowds)@rtms

formed using any suitable materials and sem conduct or

: [Opgg'[ ' Cé%l!l 860 Eaﬂgﬁ%k)grﬁféﬁ in §Hhﬁl§pln§nr{@%§f;oir ad1f1 detect

ication te ues 1n a particu application
wmtengﬁcnamdixdnysddigbm ed and i npl enented by persons
skilled in the art, after reviewng this description

1B " S8 SHF s 0rdIFHE g BELI 138 Pl xh BRI e dopig

profilesunlthé &gloﬂmﬂcdﬂwﬂﬂmmmange more quixkdy thars ususbﬂflﬂasndb;hus can

o&% ?ngtlé@ %@?]eoqh]tq&)?gg L;lgtg:ghr?s:j ogqnlsa e ell §&(? can%e regllzetf 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 pr-junctions can be conveniently formed, if

desired, without significantly increasing the size of the cell, such as by forming additional

semiconductor iayers on top of layer 306.

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

306, 308, 310 and 312 are exposed to insulation layer 322. For example, only the top two

i3




10058] Cell 300 can be operated in a simlar manner as
for cell 100 to detect wavel ength conponents of
WQ 2085/09808069] Cel | 300 namy have certai n advantPLgés2005/000122
over cell 100. For exanple, the doping profiles in

the regions of cell 300 can change nore quickly than

in cell 100 and thus can form nuch nore abrupt
pn-junctions. In general, cell 300 can be realized to
IRRYE30698H gmmay\/b& Bxpisdd. THOBlEEtEIbd] Q6htRORE Ldyb8 308 '3 B2Scan be
t'hi ckness and doping profile. Further, it is not
ey theaide snbiie st fepeckesnes i n cel | 300,

WhICh may be tine-consum ng and expensive to form

Or malm%ﬂla gmélaneﬁe dﬁl’gj@ﬁ&l'e%ﬂy%dﬁﬁ:ﬁthﬁ]ofcelmoo A

con enlentl red, wthout
ssbaymef‘iﬂa am:tludys 2 mefee d30 €R)) sthglyi dopedosf zt-type. ol form wentinallys

aF) ég/eéll%ﬁz%nb ‘°[‘§386’Ej']‘£9\2 of(; %l?je t'%glg %Héédqé}{ %%l?neg fn El.%gtrﬁfe 402
oggghﬁgilao,)émﬂﬁtﬁﬁg &b}ied afrefibes gm{ﬂ\ﬁpmﬂms ON- ioaﬁlV)e arsd dcgngtzli p-

S R e R, BTt o
40834 S50 8RredLsubtpychi vithQfftaBst 3 @5 OBcehPatRMB. QRE egion

The el ectrical contacts for |ayers and 312 can be

482 isvriograallyrdoped. Resion488 inchides o butisddmst 432 (N?m%trwwoped
BB o, A SR B i e
(H'*)/méxersltrdﬁg)y d(ﬁ)edshagmdgkyntdcgmﬂ Af mstllylpen lalsfe:rtdlﬂarwhlch can be
il o §0i ¥ rgred b o o Birdoeq LSS Be 424 18  bnidn aeg

r@acmﬁﬁkneés%&,a WIﬁéé\M died 9441 C(pﬁxduam@ 420 RBpechiOfy ek%)amaﬁdm the
408 (N- to - regions, 410 (P to

daped igyeys thogygh waulleta&nelayerﬂag foselegtisal @tequﬂwﬁ;ﬁcla e{)@alons 406,

4%& Q?@ Nad 4fP8 iRPEcAL cBANRNEL{iGEN BN wSLRERHOND, @bﬁ(ﬁhctors
’'ffe€rent dopi ng concentrations, and region 412

42{beamdie|madd opmetal. Regi on 408 i ncl udes a buri ed Iayer 432
(N) nore strongly doped than adjacent regions.

on | A
100804 0 e Abcfeech BB s Mo PR R shoym) may
be fognedien substrate4@d. at i on | ayer 422, which can be
madeOrF Si 2, is fornmed on top of the doped | ayers.

1O o 07 D2 ot 381t iy s 0 R bl G, B

thickaesséd 1Rt indydelL.| ayers through insul ation |ayer 422
for electrical interconnect. Each of regi ons 406,

408, 410&%@@€§§12 is in electrical communication with

two cont 420. Conductors
Region or layer Doping concentration Thickness
(cm™) (microns)
406 1E1S 0.04
Top portion 1.5E15 2.5
408 | Middle portion 1.5E17 0.5
432 ‘ IE19 1
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420 can be made of netal. [00621 Again, a protective

cover and/or other electronic structures (not shown)
WeRN05/489360r ned on substrate 402. [0063] The | REAISG2605(900122
regi ons may have the exenpl ary doping concentrations

and thicknesses list in Table 1. TABLE |. Region or

| ayer Dopi ng concentration Thickness (cm) (mcrons)

406 | E19 0.04 Top portion 1.5EI5 2.5 408 Mddle '
portidn LSEIZ 0.5 43 TEIQ 1| 1IV§§ 05/ 098956
PCT/ SG2005] 0J8RP9%% o porti on 31318185 410 Bot Pom
porti qrOETS 0I5 2T TEIZ ... IEl&! to 20 gsg
| E18 (|st anpBPERBPETIOR i ckness) [ 00 % As nenti 8reg
above,[ reglrons 408 and 410 each has _di flf erent
sub-ragi ons vZh  dif fler ent dg%'i“ng lggﬁcentrat}%ﬁqu The
nore gtrongly_doped T Qwer portion 1. . €dch regjon. dan
linit {undesi 88l e ext dnsion of the 'FdpI|&stpnsdard wafen

devel dped fromthe pn-fjunction bel ow andckesw

i ncreased conductivity withnin the tower nalrt for re
{aiégct | AmerftiRhé B0 8 ReAbns Y8R FIEERK B8k diffbich©ub-regions with
[0065] Cell 400 can be simlarly fabricated as_ cel )
diffrment doging egnceugtinng. fThe meee stienglly idopes lowarpartien imgagh region

R EHER S LR 5 Bfdondd L e
bélswahd alovb ncebayedadoatiiatigity withinaherlomeghafifor 406 effe¢Oe

0.an 32, so that .a portion of each |ayer i
RSt Phefseirened Shgne Casb may be oS

[0065]  Cell 400 can be similarly fabricated as cell 100, 200, or 300 with some

modifications that will be apparent to persons skilled in the art. In particular, deped layers
may be epitaxially grown and then etched (such as by dry etching) to form regions 406,
408, 410 and 432, so that a portion of each layer is exposed. Contact regions 438 may be
formed by diffusion or implantation. It may be convenient to form all contact regions 438
in a single implantation/drive-in sequence. A Si0O; layer 422 can be deposited on top of
regions 406, 410, 412 and 432 after they have been formed. Layer 422 can be planarized
using a suitable planarization technique such as CMP. The thick portions of 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 pr-junction 504 is
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formed by diffusion or inplantation. It may be

convenient to formall contact regions 438 in a
W HEP8PHpl ant at i on/ drive-in sequence. A Si 02 HCIYi&2005/000122
422 can be deposited on top of regions 406, 410, 412

and 432 after they have been forned. Layer 422 can be

pl anari zed using a suitable planarization technique

such as CW The thick portions of |ayer 422 nay be

i$coMiEEsl i@&laﬁmﬁdr&cﬁeslsds ahd" SS9, ivdliatiRg 195 OBOCENR 500 dybéRymed
be forned of 8ate oxide. Thin gortlon 442 may be

oataclicon®o-ipsulard RO veafers Whish hesdayqsé 8 e epnaigOlypiny layer
s4b! Ry e%l?ﬂ%ﬁ%% gptgﬁeﬁs DY Svek R is@¥fEn l%ﬁgrs §@§‘a®%ﬁ%a@&ﬁ

conductors can l'aced on each one regi ons
ishbing 4dgons4h Ats@pposid ﬁdtsrﬁ‘cnm gtchtdﬁsr.o'[xemhngSOG/maﬁbeafomed

i tabl metallization tech e, act e ns_4
ohlt vl s pip b Per D g S Ll ehIbtcRRa B PSSR Kan
bebfitbdigted, Rehe PRGNSR  is fd?ﬂ@dﬁ]m &pmfetse)tha\fe tégibﬁ ISO]E Baihave a

shown) may be forned on | aye 2 in a_suita

Vﬁrarm@?rem P SeRFEaERIon 96 i er%é@m}g peshas thaf Pﬁ‘éy‘?féégéayef
5?0 E’é?r?b%' | daR1yC Rbtknall ) Qor s@oﬁé@i Ji ] %lféfreg% 5026 stl-lrhﬁve a dopmg

fference  between cell and cel is that the
regitoatiod Gvithires wletrhmebocmdmg pne fhatis mush dB’frmnt §r0m1t!3at\m

SR AR A ALl o B Sy
doped bogorh Guiregkionamda michitisicker dut vens weaklp dofeB@hD-regidnaabove it.
whi ch has | ayer 508 and a sem conductor |ayer 510.

50 t end i .
1QUBSE, < T3 50 3o bR g Bl PR B Pith Bbadlesien
instistiGRDsedntheidhesnd piggs.each ot her. Trenches 506 may

be formed before buried Iayers 512 and cont act

[ on 1 ave been for di ff
1dg53) C¥1fe éll ks FelroRShE vt siiah dho v@ﬁ tffenge ireen
cBd0d and COTHRNs AL tHeRBntH& 602 For tNEBOtorH phIe@Bdiodle0d 18 Below and
concentration or different doping type than that of

in| ceplaet witfothe cagtagt regqroﬁwl%ere&eamﬂﬁ orachEgeian 60gyis strongly

[
R L I
the nembératf costacturediordi fbmmdémytdlﬁﬁlsmn andabe mimber efjopenings ih the top

00. F 2 | ud t hi
g opaPyP ST B GO foAUEEs AS ol S arae gL
fablid etk B skl appHEStions akhdy E&ﬂﬁﬂlssmt%-drﬂgslﬂibleﬁtbﬂ\é&ctrtcal contact
[006 Cells 500 can form pixels _in _a photo-sensjng

miherbagisidle (be-dhe bqtf@m sidg indla6) ofriheRacrrasnsing cell. For
e){dﬁlbg:ljpsoéa'nrbg sBd¥R) dmparing FIGS. 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 prn-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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[0069] FIG 6 illustrates another possible variation
of cell 400. A difference between cell 600 and cel
WADYOF/8980%at t he contact 602 for the bottom p- tREFESG2005/000122
region 604 is below and in contact with the contact
regi on 606 bel ow regi on 604. Contact region 606 is
strongly doped. Consequently, a buried | ayer 608 can
extend over the full width of cell 600 and the nunber
#far@ P Bf @tik. 1h 88 k@S off RNETEKE RYis fa§ belsdvantagétilslly ieldtet et each
of openings.in the top .insulation |ayer can be
othes by ghs. lscgﬁmn regionsyfich adselgipariteashos s insylationdgyarn
easier to fabricate. In sone applications, it may be

[ﬁﬁfdief S ShfkEfeRred BrhiMPLR ddVAitags 8€the A bdifRRiks A6dcrib&Pherein
ma e b I G

fromthe backside (i.e. the bottomside in F

19} expressll eneptioned -abevesian fe sedarstocbirom ghindgstuptionand e dsawings
S A ipg FIGS. 4 and 6, the lateral size of
bggﬁ#eg%ﬂgﬁggﬁ%gn reduced in conparison to cell 400 -
because fewer contacts are required at the front side.
[pOTB}0] Gcoussn, theahovd destibalkmbodenentsarp indended toldwd | lustnative
descr.i.bed her.ein e . i f.ied. For exa . th
o0 i 51 ALl ol Bl the dpeseRBC oy SHETRLG o iRy
noA@AGRGL fortl) BrralzBingfl of pes dethild 41 drdy of Spapdtioh€DheONS
_in a photo-sensing cell may be reversed. The .

iRYSBYQ FAbRFrIP injended to srorpasaal sishimadificehan Withingis Seape s
gmﬁﬁ i the original cell, except that al

dpo a?&fﬁggeﬁﬁiasing vol tages or current directions may
al so be reversed. [00711 Each of the photo-sensing
cells described herein can be used either alone or in
16 WO 2005/ 098956 PCT/ SG2005/000122 an array of

cells. In an array of cells, the cells may be

advant ageously isolated fromeach other by the

i sol ation regions such as isolation trenches or

insul ation |layers. [0072] O her features, benefits and
advant ages of the enbodi nents descri bed herein not
expressly nentioned above can be understood fromthis
description and the drawings by those skilled in the
art. [0073] O course, the above described enbodi nents
are intended to be illustrative only and in no way
[imting. The described enbodi nents are susceptible to
many nodifications of form arrangement of parts,
details and order of operation. The invention,

rather, is intended to enconpass all such nodification
Wthin its scope, as defined by the clains. 17
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WD 2005/ 098956 PCT/ S&2005/ 000122 WHAT IS CLAIMED | S:

1. A photo-sensing cell conprising: a substrate
WORIOHBP8E6sur f ace; a plurality of regions forn@®§T{§62005/000122
sai d substrate beneath said surface one bel ow another
and alternatively doped of first and second conductive
types, thus formng a plurality of pn-junctions at

di fferent depths relative to said surface, said depths
chosen for detection of |ight of respective wavel ength
WaISIS CICABMGRD [&n said surface; a conductive region
formed in said substrate extending fromsaid surface

L. 0 AdfhotodszRsifg @llledmprisingf said plurality of regions;

and one or nore insulation regions fornmed in said
substral &6 g§%%ggjng fromsaid surface proximate
and al ong sal 4 eARductl ve region for laterally

i sol at k ng:.sakd. Lve. ' |

ol Ay Bt LgichiOBHE b Gid bR beoblth 2y BRERETRE betow

1, f unétherand alg@ndtivelygloptdeft firsticmll sedohé cannadeitgpdsnthus forming

electrical communication.wth, said plurali, f )

regi AR %Oﬁ%«-@eﬂr%@ agfiieten %ﬁgﬁisg?'gth"aﬂtg said %lggaﬁestﬁaweqeyths
der i iRsed f? Aee@RINQI i@ JTeaipedtifve SRAVELRIUeBarlds iEidedi 6h said
pn-junctions so that = incident |ight on said surface

t hr os¥ficgiai d el ectrical interconnects. 3. The

phot o-sensing cell of any one of claims | to 2,
wher eicondaetivegagion fmedin said substrateentendingfrone gaid purface to an

COrrpEésgﬁgteﬁan%fggigﬂ)g{'r%lﬁg%li!régiidnls;eaql wth an insul ation

mat er ensi-ng cell of claim3,

e 8ot st QRs FNEH Pl SOBREAS £ Yerch B3 rom said
phot surfeepioniinateind addngaaid @nduddive edgiinrfer latetably4dsolating said

wherei n sai d conguctive, region is nore strongly doped
t hanc?@§°t9'§§%?'h o8 2p GIRE dFRIEHOR re8IAL conduct i ve

type. 6. The photo-sensing cell of any one of clains |
2t o'l photeesensing eedliod clofmid afurther avinprisipi elestrical dntgrconrestsdn

fipst.reqion a n.adjqi ni ion. L
AL SEFAN Rk g s
2 GedpeIB8BARriREdIrGmABIBt DR EidRs developed from said pn-junctions so that

incident light on said surface through said electrical interconnects.

3. The photo-sensing cell of any one of claims | 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 {east

one of 8i0; and undoped polysilicon.

5. The photo-sensing cell of any one of claims 1 fo 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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7. The photo-sensing cell of claim®6, wherein said
second regi on conprises a sub-region adjoining said
WQ 2083/0988%i on, said sub-region nore strongly d®CFEG2HH000122
its adjacent regions to limt expansion of a
depl etion region within said sub-region and to form an
el ectrical path in said sub-region having a | ower
resistivity than those of said adjacent regions. 8.
7Thﬁ1eqihetoose§§ﬁgs¢qu)f<emldq 60Wh&ER sﬁi‘d@e&fnd%gﬁbm&npﬁs’éﬁ 4 B region
cg;ﬁ%|3|n a wafer on which said first gﬁlon IS
ving said firsbreginss snid aubstiegign aore steomekyseperhthap its adiagert
| e Biofls tomﬁgé?ﬂggns%e f(ﬁrdegféfxgn R:E;oﬁ@nﬁnn RlidEk Hcg%m%fld to form an
regrons eac onpri ses bne or “nore contact s regli ons
exetlemﬁah@tﬁ incaid sehiregiguhdvings lowactesisindtydharsthbst afeaidadjacent
sub-.regi ons nore strongly doped than its adjacent
r €§% $8’F§ for interconnection with an el ectrical
|nterconnect. 10. A photo-sensing cell conprising: a
8p| Theghbtoysemdingsetiiof ohaith 6tod tlalmy efugtherfcomprsing pimaterioal which
one Q of .another; an insulation |ayer having a
'Fja{ﬂ'%“e O 1E¥M5H: sai d semi conductor |ayers: said
sen1conductor | ayers alternately doped of first and

9selq1erpﬂotﬁaeﬁkmgtdeu of byyo@ife, of claitis 1 o8, WhgkiRormd atfradre by sad
unctl ons at d| fferent depths rel ati ve to said

© Wiralas of E5giounFaghicABRTISESIoBR Of mgrscontagt; syb-gegiensextending from
S %Ll’g %El‘fiﬂzef&ﬁh gt &%‘éﬂd%ﬂﬁ& slubgéglor%fmtfr@ SP&HY ¥ ed than its

pr e et erni ned wavel ength bands i ncident on s
s adjaeenéregions fariatkicoynestioc withi aw elogtsical eta@hom*e n d i ng
fromone of said |ayers through said insulation |ayer

1@%p%-§€n§ﬁ?@8?5&n@hsﬂ th an electrical interconnect.

0- sensi ng ceII of claim 10, wherein said

i nsul n layer c rises

phot%P gr@ﬁgﬁ Xf&l&wdoug% yawsnﬁgme%?p“ﬂlaﬂmﬁ%m top of prqthsr;
one of, s em conductor | ayers caonprises,ar |on
adj it tlan iaa ohAY IngAsustace ferped apsid semicprAuctox

said _region nore strongly doped than its adjacen

r egi Bidsemisopduetar layepalising labqlopsd akprstandgseo néwwe types,
Wi TR c}%ﬁ'}uﬁF b ?l’uﬂll@ @Yﬁﬁ jlﬁt%ntsgt P hde ﬁisergltai;#é:@l said@httace

in sal aV|n | ower rESIStIVItyt an those
of gdisald m}xlatwntayq:regm@d@thﬂselev@ fooiEIcod@odight of respective

PCT/ S%Qa | %@W%%&fﬂ&%iaﬂ’ﬂﬁg I]CPJ&R{ on S%FCP S%I Cel | of any

one erern one or re of said
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 SiOs.

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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conductor |ayers conprise one or nore contact regions,
each one of said contact regions nore strongly doped
WORRAS/998%56adj acent regi ons and adj oi ni ng one ofPCEAIGE005/000122
conductors. 14. The photo-sensing cell of any one of
clainms 10 to 13, further conprising a wafer on which
said plurality of sem conductor |ayers is forned. 15.
The phot o-sensing cell of claim 14, wherein said wafer
180T pHdBSsehsif BRICHMIAY GhObT clAiRY 0 tdTPX, SvhieheiPort of nitRPekaid
of a conductive type sane as the adjoining one of said
pl eandpqterylaysrs enaIfris® ARLRItIARTE CRffedt £egians, eaph gne of said contact
p - [ I foclai . ' B .
0 oS ARR A Ubpdd i ol the B e Ty hmia i Bhoid
| agoaduaddrs.sai d wafer for interconnection to an

eLec}r!caI i nterconnect. 17. The photo-sensing cel
L8 M and Ly 581 PR QP IR HAEP et on

| aylgith saddipldraityusfakmicpndifctos ¢avesdnflumeadr | ayers formed
on said insulation |ayer of said wafer. 18. The

to-sensing cell. ot claim 17, .further conprisin n
18 P aBREb TS £l o detrga i SR RmRG-p acopiin &R
S ghybr nfdsddtinkBrdobed/ e aScoh@ctive Blpa kM@ asSthehdjeimihgGine of said
regi ons gn opposite sides of said each isolation
to lity rof eppigenidycter [¥ers. 19. The phot o- sensing cel | of
any one of clainms | to 18, wherein said plurality

10718 phbidREALi Y \@IIGP ORI 38 8r SIBREES, BittHey B&hﬁar%& 4 @hductor
detection of three col or conponents of i ght incident

orkttachied tossaid sepicongductordayss of saishwalker by infergpanecianip an glegtgical
O@ﬁeﬁ@n f e photo-sensing cells each according to any
one of clainms I to 19, at |least two adjacent ones of
sai d photo-sensing cells electrically isolated from

1B 4tk pbotheensing ceh of nlain &4,ivdrerairspidwafep camprisepe siioeh leyer and

form ng.. em . condu devi rislng:

> 36819858 BB ARAEHE oA e SRBURNY s tpetilog vers
Y y g g

a fovafed on 3aif linsuBitibh Jayerf oflseidevaserone on top anot her and

alternatively doped of first and second conductive

es hus. f or mi rali f.pn-junctions, .
lé. e photg-sgnssmgoce"]o? glaﬁln PJI,lfm?her E:gmpr?su?g OACUOT%OI'CO {¥3tation 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 pr-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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exposing a portion of each one of at |east two of said

plurality of layers; formng an insulation |ayer on
WOL085/@88sed portions, said insulation | ayer REFIS6EI005400122

surface, the depths of said pn-junctions relative to

said surface respectively chosen for detection of

light of different wavel ength bands incident on said

surface; and placing a conductor on each one of said

ex pog xRy %ﬂomﬁg oSt COPIdRGEYOST layrd @R @hgp Aot sl d

exposed portions through said insulation |ayer. 22. A
et hegmstively deed gf Sirss @mﬁ weoLrondictiye (ires thl@éwv%ﬁt plyrality
eplt %ﬁéﬁo% owi ng, on a first layer of a first

con ti've type, a second |layer of an opposite,

S€ec 9& 8%8%9 H&#:bﬁ/ &t da¥iP gne SR t%g"of’%a ?%@EE'&I oaf l?yieFSét

pn-ju ormng, 1 n sal secon

[ f i
TRl SR LByt i
wel |a suefgta) the chpﬁecfmdj }Wajuhctlcelg iralﬁtméa@mid afrfasaredpesdednd

Car i orAeleepprotieh oGl Baeltopfhilnad ipden §E i

sur fagmeedhngsai d second | ayer, chosen for detection of
l'i ght of di fferent wavel ength bands incident on said

sur fidding 4 Qnldishon! eacrﬁéued)faﬁa@ﬁﬁbslediwho@mwmmu&bpm
said fi rst wel | region, a conductive region doped of

sai dxfendisg froormaidcaposed porsions ihreughisaid imsulsion laver- f | r st
| ayer through said second |ayer; and formng an

23, Y0haihod Bf forRiph semicdAittsrelevioe domyeisingr oxi mate and
along said conductive region for isolating said

con %Hﬁ&lé‘i g,rnoﬂc ﬁ@@y&%@ L frde Qﬂndu%%é)@pe, Wist ainf Iziy@r of an

sai SECO . .
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 pr-junction, said pr-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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