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RELATED APPLI CATI ONS [ 0001] This application claims

benefit and priority fromU. S. provisional application

no. 60/561,152 filed April 12, 2004, the contents of

whi ch are incorporated herein by reference. FIELD OF

THE |1 NVENTI ON [ 0002] The present invention relates
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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



into three primary col or conponents, such as bl ue,
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[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 pr-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
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well isolated while [imting the size of each pixel. 31/08/2006
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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.

pixcla ey (IR AR TBF 825 PP PiFE PR s ATcal and

cunlll:fé];s%fn@ kd ﬁbnéa‘i@{hi’st de'UEe AithaR @ ant&Dic&MB1dgh ahd§hebialiled
and/or for laterally isolating the ceII from an
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Accordingly, in an aspect of the present invention, a

[00PG10t OA$ RRSIktich & Bloh crSproid®YoddasblatioAeepih Aiffeedis kdgtbns in a
cell has a substrate with a surface. A plurality of

cell ppbgtwpan adjasentioglisin @ sensingiaErax Gyas Whendh eetlonerlyagsmall i
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dept hs are chosen for
hav%ler?ﬁf% %égr‘?ﬂtgfla o ﬁ#&m% fﬁtggfyég‘f 've wavel ength bands
i nci dent on the surface. A conductive region is forned
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provided. The photo-sensing cell has a substrate with a surface. A plurality of regions are

forméd in the substrate beneath the surface one below another and are alternatively doped

~ of first and second conductive types, thus forming a plurality of pr-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 conquctiv_e region from an

adjacent depletion region.
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I n anot her aspect of the present invention, there is 31/08/2006
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[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 pr-junction. A first well region doped of the first conductive type is
formed in the second layer, thus forming a second pr-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



third pn junction. The pn-junctions are at respective
depths relative to a surface of the second |ayer, 31/08/2006
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cell, exenplary of an enbodi nent of the present

i NVRRIBFODESCO®TION BFGHE BRAWENGShemat i ¢, parti al
cross-sectional view of a sem conductor device having

lural i of phot.g-sensjng cells of F|G . [ 002
rooRpfs e ke, i Mestefiaby Faf StBuBle.caby prafesimbriags e
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[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
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and "weakly doped" are used to indicate the relative 31/08/2006
wdapusngsssencentrations.  [0025] FIG 1A depi Ctig1/8G2005/000122

schematically a photo-sensing cell 100 in a

sem conductor device, exenplary of an enbodi nent of
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h%yf' mpgl?ﬁn%/s Og efa‘\ﬁdff“é?ﬁﬁtgu on 118.
I nsul ation reg| on 122A extends proxi mate and al ong

[00263nd lﬁ:tcmalectnegegnm I2Dextends Brbmrediby 11850 saifRe 0N BomtihiRe
devel oped from

regIJnepio can %nc fff%{'&%)%@lﬁ l & Itq%Px%lgtdglgé) an gegipn @2 -1B,

pn Junc
whi ch depicts two photo-sensing cells 100 arranged

[003[] de lisplation esgidng 422 At120B ahé $2 20 falsb23Bectively mgdmduall?/
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can 18l oD SHPUE 2 o b GBSl G Py wob e B g
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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 Si0;. For example, the trench can have a Si0;
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 -



insulation. One or two of insulation regions 122A,
122B and 122C may be omtted. For 6 31/08/ 2006 WO

31/08/2006

weQ0i/Pg3EH56 PCT/ SG2005/ 000122 exanpl e, when CP@’['IS@Q@&/OOOIZZ

is to be used alone, insulation regions 122B and 122C
may be omtted. Each insulation region may extend
deeper or shallower than is shown in FIG 1A
depending on the application. A deeper insulation
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[0031] Photo-sensing cell 100 has a nunber of
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conductor such as a net al .- For exanpl e, interconnects
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elec'trftgl e f@g B BRE IR ihRfehRRELM @mnmaé 4 Edndlictor

Merri , supra. Suitable materials and
suclf asr inetat: Fgmerqa@ehmntw@smrcrs Ramgyttieauadgof alymiivmat i on
can be readily selected and inplenented by persons

[003; i 11 égh 10b daf e frked 9{{‘%%. nsﬁﬁ?ﬁlcel‘%l]gﬂalg Qﬁcﬁseﬁﬁ&%&b&&ﬂ on

d references cited exanp
fabrmgoromcmexesrd@xemel afydmrtmd:]ubythemm b vedd iny tlmvfebm:@horaof cell

100 Y R e e i B SRy Rl b Pie ) o
T ec%rﬁ.?? O Bredtite Hall1 2001 }.ﬂﬁlcl_a rsdndoiﬁbrﬂ&yhéianrolg Itéf&dnd{i:y and Merrill I
| owe

on, ar. ion | tation fa
and Yieri LT vt i mate o 9 BRAGHR RegRun e A BBt 11
applmo.h@aﬁeoeé}eaimy QA& HARAPleieRred 89 b&SorsRRilled MNBYER, after
formed at the interface of regions 108 and 112 bet ween

revigwiag this deserintion s ederaeoycited hgreip2Cc as will be
di scussed below, for limting expansion of the

10055)P! &fdr @Rarfi 18 1r@on 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



devel oped from pn junction 118 within the sub-region.

As can be appreciated, an electrical path is forned 31/08/2006
wb Bods/agsessib- regi on which has a | ower resisti Videtdddadsnooi22

those of the 7 31/08/ 2006 WD 2005/098956

PCT/ SG2005/ 000122 adj acent regions. [0035] O her

regions or layers such as light shields,

antireflective layers and insulation |ayers may be

formed on substrate 102 above surface 104. Such
adjageRi FE8I8Pl  regions and | ayers can be readily

determ ned by persons skilled in the art. [0036] In

[003BE " aUtlfbﬂregftﬁis 8PRkére suchGk liggshihly, dhﬁkéﬁéﬂﬁ/eba)@& ande or
junctions 114,116 and 118.

msﬁ?{gq?tlgyess m%g brpedion bt W02 bavessias 0d: %l&!} 3931“0%1
regfbhd Ll | yef*adng dSHURSHERSFpehRs sKiRRGAHENG, On the

wave engt Free carriers nmay be generated
in a depl et ion regions devel oped fromone of pn
[0036hct Iroepsration, an pppliedrnoitagerrgay ziqvqrraﬂstpw of morqﬁﬂthrew
junkd01 2156 RILAIC A BPHARH i SRldehl HAIAUA o3 aborbed at
urrent "or voltage ['ectrical 1 nterconnects
diffdiedt depths Gmmbstratalﬂz;) depentling bh éhedeylengthmofilight. diree cafifieas
naI i,S. dependent .on t ano
maphye Gratroh e rRISiRBEPEDTVS GO S5 it ifephPlia, 116 and
118iR k@Borde B iRtident lipRind podute dhdlestrical §ifre auth a8 @ pldént or
three different spectral . conponents of the incident

voltaggjinttheeleriinal reanngess 120 Fommppisatignyyihehe SPPA%tmgegmn
The d&lltp;fl.\gtgilﬁxzar% ‘fsa&ggllﬁigﬁmlstﬁg afmBuifi %Pf igHe |ab§ohfed$ﬁ e d@ﬁleﬁJhereglon

exanple, to adjust the
mwhcre aee three gpﬂﬂwgegaﬁns aiélrel@cbﬁemnWPﬂlagh@ﬁ differempspectral

lar to the triple-well
BRGTES L Sriobfteno R peRe® *L ot oot no B Gen Bvs,
supra, which provides further details on operating a
[0087] pl Ehg applied lﬂmimmltagemn Sé nlapseretol contiil wlae sizeatf g dedletion

eration ,of c not b
e 55BN §° s e T f FPRE g5 e
ope%xgﬂ bfledt blbﬁ}ié’\ﬁ@l’latfte @\e&ﬁpibl?ell ;Tivbd) @usro{r1 dizeloddddn Ur&gaamnt
can be for i taxial_ growth.on re
No oS areioras P HED Prevides MU fae BLBPEreticE 1 B pBgIca photo-
senﬁloggcclﬂ}’T‘H{lsf dtSie@perlith bBJR rlﬂ‘l will 46 bt URcilsBRI Redin.zont al

iTection as depicted) of cell 100 can be snall, as
npared to the size of a conventjonal kB triple- mell

[0028) o or Cenvgriepily, beqapse qondyative P“BB%IS@W&P&W@%%W@&%
and@&rf&@'iﬁ&‘ %g,a;mae&m@ f by Spitax®li 3lcdh bl RIZIoRAI12CABeo R,

junctions extending along Tt by insulation regions
sincg Ads n@tm@@sary tot formh eegtonc BO8dwidiffiesian, thietaseraksize(inthe horizgatal

: dlrcctlgnears plgteé) of%ell 866 an]b%osdaﬁ, a?é%xlnlparca- H)utﬁe sxﬁc%i} a coiPentional

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 [imited by insulation regions 122B and 122C. The photo~sensing'



can be nmade nore conpact than a photo-sensing cel
based on the triple-well structure and still have 31/08/2006

woeasopgié or mance. Cells 100 can be advant agequslsGauesaior22
in a photo- sensing array such as an i magi ng device as
pi xel s, where cross-interference between adjacent
pi xels are limted by insulation regions 122B and
122C. The phot o-sensing 8 31/08/ 2006 WD 2005/ 098956

PCT/.SG2005/ 000122 arra vi.ce can. .t hus
s AR SR G Flig Moy e ST et FRHE I ey
resblgg&d. uti on. [0039] As can now be appreciated, regions

122B and 122C can extend deeper than shown in FIG

|A. F | th tend t h 112
[0G38] pdec o hetnritains. peions Ltk cl2Bties aread desse hap
sh¥idh FIGMA. ][%?Q(éﬁﬂﬂe l?l?e ynesakedd Q{r&%rre%lﬁn 12260 Bitter

cutting through reglons 106 and 110 to further
insuladorchetwaso adjacani ctﬂlSi@U dn addition, 132C can be lpgaied gleser to 122A by

cuRE SRR e 1 BhEidy o Ao elagt Sl of A 885
will/ee dpparsntap phé siditeddn the aftQRat 0¢1l F)Gias 2 sirhiple strucaire sndacen be

hysj cal. enbqdi nent of cell 100. Substrate 202
rea%&m@ g?ff to UL varops PRIICAHANS, des doped regi ons 206 (N),

208 (N), 210 (P) and 212 (P-). The conductive region
[0040T €S BHE.)2 mamm rah @g4rhple phiyd Pabeinbblidnént of crdleHi0aSubstrate 202

s TGOS 8 B (BAr LBy 2Lk 08 B 218 i and HH£ 1
Th@éoﬁ@ﬁcrtl‘vg ?@gldﬂ%@ésgfﬂﬁ RREbRadtie raish T iAtuER '%tsﬂﬁfé@y défed

heé additional regions or |ayers inclu
conm n@gugn 9201 6k dhp insplstingwesions wckide insylatingtsenches)222gThe

eie%&éa?ﬂxgérgogggﬁfﬁcﬂaé }ﬁgﬁl gHﬁEa‘c&%Z? ayer 232 (N4) which can

consi dered Ion of region 208, strongly
doped contact regions 234 (N) and very strongly doped
[004bht aThe addglooaige@w O(r Nayeis ingledezagropgly doped mipps substrate

r
]aygr%?O rgrggei% O}\JM tnhty éTll?uergegé 2 Velz@ﬁa‘)etvpfch can be considered a
subirégied Gﬁlﬁgleﬁ: 208 2dongindbped edraidt vepions I64 (N'@Iayd dﬁpedomgﬂ:g e

doph Pisiietroptog 336 B B b (25 st S IBRE R oy

surfagR4ttheinieftlohmion Mtﬁ%@@ﬁ&dtn‘#@ eﬁ@rﬂhﬂgnte@eﬁxfe@mmaﬁ@ ns:
about I1E18 to 1E19 ¢cm - ion 206; . 1FE15 to, | E1l

relagiysly sfrangly doped erige regigns 21%1176 me afgviieipwil bbecprag clsar below.
210; 1E14 to 1E15 cnB for region 212; 1E17 to IEI9 cm

[004@ f gl;osrleﬁéﬂ'géle %ﬁ@fa?'érglﬁ:l fe loﬂﬁﬂagy RER tﬁ@foflbﬁﬁ%"re%%&we%ﬁmg
'concentratmns about 1E18 to 1E19cm™ for reglon 206; 1E15to 1El6 em™ 3 for region
208; 1IE17 to IE18 cm™ ? for region 210; 1E14 to l_ElS- cm™ for region 212; 1E17 to 1E19
cm™ for Iéyer 230; 1E18 to 1E19 .61.11“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 20 6 can guard region 206 to optimize its breakdown voltage and



edge regions 240. [0043] Region 206 nay be relatively
thin, such as about 0.04 to 0.06 microns thick. As 31/08/2006

wgm5}@§39g@pre0| ated by one skilled in the art, pdiBbeRo0122
it is so shallow, region 206 can have high sheet
resi stance. In such a case, providing two contact
regions 236 at the opposite ends of region 206 can
guard region 206 to optim ze its breakdown vol tage and

reqled e Ry et B AR o R s < R
regi on 206. [0044] Layer 208 may be about 4 to 6

[0044]r orlsyertd0Blnayl teyabout 238 6muiyrobethicki bayer 23X roay becthing, for
hawvi i.cknes ut 1.8 mcrons. [0045] It
ex‘%‘éﬁrﬂ%‘”ﬂg El?ﬁ'ﬁlg\ﬁgstogfggo'{tﬁ&micf?é' Sdopi ng | evel s and

t hi cknesses of the layers and regions in cell 200 may
[0045]y deghevidibegndsrstbiithimahd dopidgilevedidithiokiicests e Viybds

e eci fied, Wen ecific values are
@f%@ﬁs lwﬁf’?“&ﬂ@? ﬁla'r#ﬁx')fa»dy*gawahff w3 pEcatian a9 il not
alvidy§ 9@@@&@&1'%& POARL vllSesatd HeGd e aRUxbhFlary dnBX&GT 232

.. 1S nore stronghy doped than its adjacent regl ons to
illusration pusnesesnBh of the depl etion region devel oped from
pn junction 218 within layer 232 and to form an

[00A6PCt WsRhddadh Barlift, | 9432 553RoR d&g e B adjacept

resistivity than se 0 regi on
regioine tadtingie nmaasleui OEﬂmadg:éetmalwgl@r @vclapecb%onmneunctnon 218 within

f 0047
layfr 233 ShA ol §R et 8 IR s o K ief o
thomﬂtbetﬁd@cmna@m. Thd‘sophmgmkaaed chedge cadiersieay bdfiofeor med
fir r |d|n trongly dopedp-type wafer to
efﬁ?‘%}’ ‘3{?8&’ gt e Ba@if er may have any suitable size
and thickness depending on the application. A
[ocm] at iéw eduybe/mkis;ood,mpﬂ dpe tante thistkatediin® v Rub axiaaie Iyanners.

&2 rmlayer 212. A strongly
FO*’% exfel '}Eé ey b forpgd P}ﬁ'gr%ﬁ%ﬂi“}%ﬁ sroggly dlepeskp- %@5 pgfer to
forth 'lhy‘eﬁxﬁlr Th@\lrgfe} 913? REVR RV GhigBle sBEGhd aﬁa’&ne@&%péngl ghﬁ the

nature of the antation techni que,

apphieagiopr mi%tl‘fém lyi doped p-sypedayen iz epé@uaihfrgr@vre@h iamerF‘-’Bmto
a [
for oy 2132 B Y00 er s P Rply e i d s R i e
212do frenk bupied quer 232! Du¢ ® thonatwe of thelimylantad@Brethniqiief theisi on
rmre A's pe

impleie o AL e Bioghis} 240 A e Pl PPk idoptsEr
typelagir Mbp?tiﬁahﬁgroeﬂg:ﬁ 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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regi ons 240, which are also of p-type and are fornmed by
a field inplantation technique. The edge regi ons can 31/08/2006

woOnResRBgosacci dental fiel d-induced inversion atpcgWdaesRino122
204. [0048] Strongly doped contact regions such as
contact regions 220, 234, 236 and 238 may be forned
by diffusion with materials of appropriate conductive
type and may extend to desired depths in a given

€O gtlé‘leég%sl(ﬁo%%ﬁﬁd h@é}fﬁ%&}%ﬁ%p %omvgr%gg ({Hilrgg?f:topﬁ:éugrgt?o% of about

1E39%4 PR af Bk %ﬂo&‘%ﬁntﬁéﬁé@%rﬁ 236 B&d Ma{]&ch have a surface
31/ 08/ 2006 WD 2005/ 0989 / SG2005/ 000I22 cont act

dopisgicomasntpatpn o abapg FEHgm ' ea%ﬂﬁan o undgstepgdethg genth epsl daping
f

oGR8 Fdel eafth BB on i BBk P Matof Ik Mtions
(suxhaf fepidns gw)amlgzlgp Mmemhraaire %mnsqgu(fhbm ubntdtct E'Zg(ibns ﬂﬂ?and%;]l)

canh be under st oo t an 0 evel of eac
AR L GO RS PoRtg: PR BOLPY RUFICE B Hon e ng
coh&%étiﬁnngoﬂeﬂ&hﬂesa de@ﬁé&‘bﬁr@ﬁ (689 @05 20%nd 8%it2);om5da e
- cont act ions (such as contact regions 220 and 234536

regigympeh @@ ewer doping gongsptration digayspalfesyer gortip (e region
abéf?gh%pne §94éQ@% Refdn'938 Ly de) ?gtglé‘g il c;gegiognneﬁﬂ er

e er portion nd
dopihg af the shallotver pcrg@mxmiloma)gob;h&mnla congows withapnety) interconnect and

th og’gre L& If ﬂwgéfeg%? g%ﬁi%g ah(avs\l\@beagﬁr ij@?gca&%gvsgcl} % ygdlﬂﬂsmn

220) of the contact region. The higher doping of t he
[0048]| | umdugive comart adgian20dofodmedavay foom vald tegiunt210and

netal interco ct and the | ower doping of the deeper
ex‘ﬁ%‘i‘ttl“(?ﬁgﬁegl%gﬂ ‘or easier fabrication, such as by

di ffusion. [0049] Conductive contact region 220 is
[OUBW] rrednﬂmmg fresuiey 222 aré R@inedinddgr 2081by £ 3TEecHidul 06 Bighh

[ nsul.atin nches 222 f ornmed
ottt Sheh gigh ap g, LEe Ao e S2E o RS for e,y st g 2
tre§dhr1h|l r 208L BAdizinEAe trdn0F WaRtd fofin bl ROL Ryt 242, %M fiflfhg the
formed by first etchi ng_a trench in layer

tregph withya filler2dé sychan Eﬁlyﬁya Fillingowitly poty i r@}d@ qdafgnéaﬂeg@zbecause
relﬁﬂiglyéh ick b@i?isf &6 be tq[l%ﬂg Qe@ﬁgﬁgﬂ @'ufh'bérl ;gf&s?ldcén AMC R ficient of

ant ageous
thelsal @ypansion erbratt:ilase hythtth]f monpcrwﬂim@ahmmewtmh isdypically used

for?ﬁr@ﬁﬁ%ﬁg g%‘gﬁ% ugtﬁg {% rs a%cf lgglé)n%) g" g re, 61?60 1éa? Et?ers]g in of
sub3R4te 203, Sihadh dan e ﬁidhbsddijr différegthhdrmal expartsivnl of diffeesht rdgiuns,
canTR PO A Y S 0 Hes o o GG e igke e

' the%ﬂclg‘rﬁaélhf}%&ﬁ Fﬁ‘éﬁéh 3z} Rl 80 First BRRIBsiraRRP elcRilg &chnique and
followed by a series o?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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can be reduced. Layer 242 may provide electrica
i nsulation as well as nake the surface the trench 31/08/2006

waahdseegmet h. Trench 222 may be first etched wpgig 2805000122
dry etching technique and followed by a series of

short, wet etching steps. After each etching step,
oxi dation growh may be perforned to renove sharp
edges. As can be appreci ated, sharp edges nay be

i cated B iy any AU A Rrged o HREle 933 LV pvg egion

226 Qécdﬁ&\ét RBioR e kARG cHS208 cah liokiBh&! th Biglithe ls&rguch
Cheno-  Mechani cal Pl anari zation (CWVP). [0051 In

dnfﬁusm o other anpdications, kienches 322 mpwbe Brmediatedn she fagrication

e e o
sizk S0 Pexrtaiirdeptte, fbmxaﬂmlm’pjf Eoutting thnongh” egidnscfbimesl byatjffosion.
220 or contact region 234. The trenches 222 can be

i.oned the Iat ral me
0§ 5 Stz eiel i Sles MgPE BRI RTC |
aluhhﬂuﬁxamem@ymludmgqmsm. VWhen fornred late in the
process, trenches 222 can still be positioned to limt

Ze t a certain deqgre f.or
10853}, ¢ dlgTtons! Jerre anp et FbieRcer 807808 FRfestiv cqvepist
shoWif nii bR lforiRB bA Siface 264 FoP efatple; theltdl dtGnay itlideaddl iRsulation
met al “such as an _al um ni um based al | oy. i n¢l udin

layey, an antireflegtiwaiARAdHter fop peaventing dntemalfetlectian of biglftcand a metal
shigld rf&%fé?%xg G 6 gﬂ‘tg?ﬁ%wvglt fafy élg@hﬁ@\é%lncﬁdWErea SRR W duced

For exanple, the cover
thm:lmyssu snctl ascbotri 00 ﬁssmltbmn@nwhnblags@bpvmdamsubns@ﬁﬂleé alignpeent

N

areh slighild behsdead v @uitableymatbisa) stichvas neetabion e wilizoe MG} gataoxide,
reduced hi ckness ,such, as about., 100 A or thinne
to fgh Py nr%wéwvé ingkiation, S BISHET 28 EPRpiphae e 'W%H

phdndRehd & Si1810, Mldfaceind 218 to allow nore light to
pass through. The wi ndow area shoul d be made of a

suitable materia ch as ,netal - de
[0054] ¢ Sfugier ex?’hp'ﬁ'a’fplflamﬁ?gﬁ%%?@é’%g‘!d‘éﬂlpf "eﬁc anpy ‘h and

emPSHim@ht P HY gﬁ’és%tqﬁveﬁﬁ&ﬁs 3tHeRHAriE MG QIR RRY iPFIG. BN hgiENa
at the Si- interface. [0054] A further exerrpl ary

senp:ngpdl 300iselndes ashbstap302 tapY2 ineludaraemwelity of
| ¢ [ Ly,
e s
n-typeatgioess308 asdiBE] ardipetyBORgioBs BEL ardt3d2.’§l®sﬂratc Baso ks an
msglatlonalayer%2£¥onned 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 d3, relative to surface 304, where d) < d» < dj, 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, ot the like. Conductors 320 form part of electrical interconnects in
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sem conductor |ayers 306, 308, 310 and 312 forned one

on top of another, which include n-type regions 306 31/08/2006
weRehsRhsand p-type regions 310 and 312. Substgcdisebooizz

al so has an insulation |layer 322 fornmed on | ayers

306, 308, 310 and 312. Insulation |ayer 322 has a

surface 304. The three pn junctions 314, 316 and 318

are forned at respective depths, dl, d2 and d3,

relative to surfa 4, e d < d2 < chosen
copnuaerhiyith [Ws?gfégﬁ 3&?“";9%3& EesBisb Vel da: desOnE Fgec
sighhik rE\pectRBly %ﬁ@éd%rﬁ 0R dRpletibrRgions ﬁlﬁﬁtaﬁﬁdenv\h%m on surface

I nsul ation I ayer 322. Conductors 320A-320D (also
30dshnbe dafected thiopgheeandyeorg 389- i ndi vi dual |y as 320) each

extends fromone of layers 306, 308, 310 and 312 to

[Oﬁ% f aclﬂsulﬁgﬁli la Rggﬁf% Iﬁfépﬂlg%o?{tes‘?k%gd&ﬁfré ﬂ'ﬁﬁfrcﬂn Em%ﬁ" b

ion an orne a netal such
frcmh theiserisopducop pgers, owdlime idoldtieg cetbIWfonoi rts erBfilonmmtm

n5 55 Gy EiE e B Bf GBS e il B 6 ey A Con 8

appreiaeiSa cd8uctdd320 dddsthothee3d xterides partice 304,\ind fmay otherwise
detecting electrical _ signals respec Iveléq ﬁrlved
1C

exteps freugh Tanulstien layer 42égfi>rdnt§r°§6nft°ﬂa!f with an gl igereonsiget-
Fop &% 2 in i fteARbv SR RSH &9n iR 3D %E}%iﬁtt&ﬂa?d #eQight

[0056] 'I'nsul ation layer 322 laterally i5ol ates
hapdsideict ors 320 from each other and fromthe
sem conductor |ayers, as well as isolating cell 300

[Ol?gﬂ (ﬁe?l R0 ¥hS 2 rmed S5 A ls EhbheatﬁﬁErléiggrld%@ﬁilclBﬁductor

of an I nsulating mater can
falirieaticnpehatjues. Sditable matadals pat fa@i@thm@ghmques lirpa partignlar

nd te sur.f.ac 0 and her
apiiep it B ALY et apd eI SR by iles S e B i
rex&&w:ﬁgﬂﬁdddsﬁriﬂtmh aherefaresctited herin. bxpanidudar, layeradis, 308, 310
TRRTIC R P A MR
etcmgrgmauﬁm&@nxyei 824 Sl 1R neRe Bfrhed oh tAOEkpOSIl PoRTHECt OF
rication techniques. Suitable materials and

fabrication techniques in_a particul Ilcatlon
[0028) b&etl SR beseperiaddn agief Wﬁn@%ﬁ?ﬂg&c @"pr@rdg@ﬁ

wa§‘]§bﬂét}§gonllﬁbn&n§oﬂl‘l% ¢ after reviewng this description
_ references cited herein. In particular, Iayers

. 306, 308, 310 and 312 may be forned by epitaxj al
[0Q38 3wt ICeHl 300 mé}awesﬁw@évw%aveﬁ g6t mﬁﬁorsq}ewplssthsyopmg

SR o AL L A6 0 908 oo
formpeuchtreate abrupt sgi-jmhdtions.fageneral oelli300 caebd realyed toohaye regians
with well controlled prdperties such as thickness and doping profile. Further, it is not
necessary to form insulating trenches in cell 300, which may be time-consuming and

B expensive to form. One or more additional pn-junctions can be conveniently formed, if
desired, without significantly incrcasing the size of the cell, such as by forming additional

semiconductor layers on top of layer 306.

5 [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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wavel engt h conponents of light. [0059] Cell 300 nay

have certain advant ages over cell 100. For exanpl e, 31/08/2006
woh@siopkng profiles in the regions of cell 3QGRBB0s/000122

change nore quickly than in cell 100 and thus can

form much nore abrupt pn junctions. In general, cel

300 can be realized to have regions wth well

controll ed properties such as thickness and dopi ng

DS i 30 i oo, THE et SOt o o and 312 an be

plolidBd freM e Nidhnd Ak baBRdI®)) dspetivélyf orm Cne or nore
addltl onal pn-junctions can be conveniently formed, if

(00821 c oFiG:. "Lilgrries Snarepiipnip ke it A0neiet Sk or
subSYRE ﬁ}ﬂﬂclﬁ&? a%afér%ﬁ ("3 9RonghPStp04 oﬁit}@@ nl'cgﬁrm vertically

appr eci at ed I's not necessary that
aligned mnldctmn@,ra ﬂla‘jlb‘b’s)f alse)ﬁatn@bfsit)p@ill@qu fegnredan e;ubstrate 402

o HREC D, iyt Al B eloM e B0 EmdG B (" TH) na B p!

regicid A@06EP0 Qﬁd_ an (Pa‘y erssnc[i%dafe@mﬁ 406 isssprobgly dmpis dions
The electrig 308 and 312 can |

t
by A febiaifrent Sepioroanth GHB B e BB et e isBs Ry sty
41[2qg%aﬁjr Soped. ReidrS4083h Q1R A bAN&RY® 48D 9T) &ire strongly doped
nbodi ment 400 of cell 300. A substrate 402 includes
th@p adiercent ragions( RygiensrdAgng 4 Hoisesctively inglyde copgact esgjpns 438
ﬁl{er Lt oh%lgldgb%ﬁﬂ {ﬁ&ehﬂ‘gébﬁso Tinsgl Hblllj [a?l:x‘ 42%, Qhich can be

ayers-is orme ubsttate 402
mam ofiSf @ 1szfa®r;ed|on¢¢m thgdapeg dayers. baygt @ishaaa@o(tm)l 4dhwith

re%.%gd El’n’Ny,) €s; N??w g a?ag ﬁftggo%dﬁgrﬁﬁ%{) f"elsgef‘c&zgﬁl %xtli%d #01 the
doped)iaérs thréi28 imathtidd rybves22 foli é]é(ﬁﬁ@hiﬂt@(tiiﬁhﬁ'g.l EmB oﬂ\tegh’ons 406,
di fferent. _dopi ng concentrati.ons, and region, 4 I, S
408 i1 A1 SpBerIeC ] mmERICatiAR M 4O sonra e if?@ﬁi“%%
420080 bdRES: Fite@nngl y doped than adjacent regions.
Regi ons 410 and 412 respectively include contact
reqgi ons 438 P"') nore strongly, doped than atdja ent
%%. onfdgaima pr%%wsf%aﬁ apd{Qrhtherstectrots Stppctuzss
lmq&nﬁﬂgggm%§mgqbged on top of the doped | ayers. Layer
has a portion 442 with reduced thickness at a
ndow area 444. Conductors 420 respectjvely extend

[09$QJ m tThe layesnad “F%er&a)’t W%G}jﬁxi!mgl@]yélppy@g CPWEVatH?EQaﬂd
thl&%ss%%?%tlﬁ 'rﬁ? z{-' nterconnect. Each of regions 406,

12 is in electrical conmunication with

two contactors 420. Conductors 420 can be nade of
‘metal. TABLEL

~ Region or layer Doping concentration Thickness
{em™) (microns)
406 IEI9 0.04
Top portion 1.5E15 25
408 | Middle portion L.SE17 0.5
432 1EI9 1
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2] Agai '
[0062] Again, a protective cover and/or other 31/08/2006

el ectronic structures (not shown) nmay be fornmed on
wouhslbgke 402. [0063] The layers and regi ons pgraysd2adsR00122

t he exenpl ary doping concentrations and thicknesses

list in Table I. TABLE I. Region or |ayer Doping

concentration Thickness - (cm) (mcrons) 406 |El9

0.04 Top portion 1.5E15 2.5 408 M ddle portion 1.5E17

o 5 12D E10 1 1/I Q llﬂOI')f\f\R \Aﬂ onn:/nnon:c

PCT/S&OOE/OD@ﬂ{ii‘ud?Dp portion 3E163E166 410 Bot 0GM
porti pa1d E18—0O0-15 121 4——3E16—1 18

(st anflard \mtem;idmmkwess) [ 0064] 1B¥S ment i oned.idbove,
r egi ops—4088—and 410epch—-has—different—sub—regrens
with |differgm dopi ng concenkl4t.i 0bks.| The nbp® 20
st r ongly—deped—t-ovwer—portion—i-h—eachHeglonr—ean—Hi mt
undesj rabl e gxj ensi on|of the depl etEi3N Ered=edwafer
devel pped fromthe pnyjunction bel ow |afkadst)ow
i ncrebsed _conductivitly within-t he_l_g_wg;__h_al_f_f_g_r__p_‘or e
ffective collection of photage ted rrlers
lq%@eﬁs] Aggentionsd apays, 17g1083 ﬁ%\d%} st sibrggipns with
diffdfdnt depthg c%ﬁceﬁggtldﬂstﬁeﬁﬁdf@ strdﬁ%ﬁl (fdp@@tdvﬁp orlibiin datH fegRA

appar ent to persons skil l art. In particular,

cagdipdtiuridgsieable extengion ef the dcrémomregmrgdmhpmom Eherprcitiedtion
bej%&ghn@ﬁ;ﬂc@&%d %@fdﬂb Hifh il B 'ir(}\{e?%lﬁ?qﬁ'md'oqgeflfecﬁ%;

SO on of eac
catiegmaed phdogenaatedrcegiesn s 438 may be forrred by

diffusion or inplantation. It may be convenient to
[Obggfn ab.'lall a0y’ (ga%%e sinti rl?rrfzﬁm%s}éd as cell 100, 200, or 300 with some

modifications that will be apparent to persons skilled in the art. In particular, doped 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 Si0; 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 lajler 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

~ mefallization 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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in a single inplantation/drive-in sequence. A Si2
| ayer 422 can be deposited on top of regions 406, 31/08/2006

wé26bs/ddhdg and 432 after they have been for nmed.pdi®bosmo0122
422 can be planarized wusing a suitable planarization

techni que such as CVMP. The thick portions of |ayer 422
may be forned of field oxide (FOX) while thin portion
442 may be formed of MOS gate oxide. Thin portion 442

SPBIEADY OGN G0 38R & La%géiﬂsﬁa%?@r CanShEmRY b formed

o RS ficdiish- ﬁl@ﬁ]%@%@lfwé‘igﬁ whith HA8 1apbast8Gnd @ BerfidsriiuboLlaPér
regi ons 406, 41 412 and 432 through the openi ngs

510 Thusacashitienelt 406 extendy hetweeniiomlation tmrf:rq 308 a 2afeltlatt’arally

f
A0 Pl PR L B PRGN B
before busidibhayers fyankleohtact redorars14 hyerbed ﬂ)rmad by dififubiaip] As can
oy S R B e T A8 e

vedy Hi?ﬁfcﬁﬂ ind @I VEaRti siedr|difRQ6ht A0HIng §lpk tHhAChdt Sf Ia?élrtSIO Meyer
regi on bel ow t he bottom pn Jgd!?ctl on 504 is

519 xanby gfe@éy, ngynaitypey oy dopmdT G@@ﬂé@%i@zmﬂé?@vea% deping
co@)éeg'trﬁ%rﬁ&rit@ﬂ 8%1@@1%@%.5 el Qﬁjle ?ﬂa% rhl]ﬂ:ﬁ U il grolrpt}ﬂ%rof

orme I con-on-1 nsul at or

regiSOH12 inaied 400\ Hor @kamm rdwye’imm laﬂdd@a tharhut verpl tatl:ormly
bef wee

| ayer. 510. Thus,,eac h, 506 ext

copf ftory St e o EBEHRETD: Yoiy webE PaR T FE by
regions on its opposite sides fromeach ot her

[0068]n c heslls50 camfonh @ixelsrime photbetiwire deuice edthigaydelsctidld
and. cont act ons 5 4 have been fornmed by diffusion.

m%at‘é’ﬁgfet"ﬁénﬁﬁ '?%’E'P%P‘é‘ “when region 502 is formed on
top of a SO wafer, regl on 502 can have a very

[0069] erEXC. cdtlpstags annie pbssitilé vdariacion of dellal0@A diffepenogbetween

T AU NE T M R N R

in Sbrithdt “htﬁ\tﬁe éi)nfh@pﬂcﬁﬁn 600 PSR i G0, Bhbihthdt Reglort 6084 strongly
including one that is nuch different fromthat

ran
doped. %Oéﬁﬂb?ﬂﬂdmbﬂfwdéféﬁ 608ran extgnd aves sl fill width phepllgigg and
T R L PS5 GO GRS A28 e o
insilation byeneandb oeducéd. Cell POUDBSY bc:ml\dastams demay be easior teel s

hat 0- sens evi eW|t
fal?rﬁzgt% l;%tsf)glﬁ a \?\g%r% ﬁ ﬁSgSltge orde lra%?eotéétg:?ecmca cogtact
beindde Sfofmathe backridé her thp bstsonb hlﬁe UeFIG6) ofthe phatedsénstQ@ell Aor
_ exgn|1]§l£: ears %2:? l()ee sbeeéﬁ y comparmg 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 describéd herein may be
modified. For example, the number of vertically-stacked pr-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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cell 600 and cell 400 is that the contact 602 for the

bottonp-type region 604 is below and in contact with 31/08/2006
wo hespogact region 606 bel ow region 604. Contlﬁﬁ?sczoosmoom

region 606 is strongly doped. Consequently, a buried

| ayer 608 can extend over the full wdth of cell 600

and the nunber of contact regions forned by diffusion

and t he nunber of openings in the top insulation

C e reduced. 600 be advapt.a
a3 198 Sl e 35 OF il 205 Moy DE B agReE DT biTom phh
othEdby ke i@&amrﬁ&g@hﬁs&n asiRsthfictchdiat iRLIBESH lagedd.
confact be nade fromthe backside (i.e. the bottom

side in FIG 6) of thgﬂghoto sensing ce
1007 2| cheaieaw braetis and ylyantasrs of Fh?genbpéaswﬂt@ dsw&b@' herein
b anl the d
o 835 ek of e nBORLAPY i SRR il i
by thoseiskidldd ait the . f ront side. [0070] As can be
understood the exenpl ary enbodi nents descri bed herei n
beOF F%géef he qu\F Qfesc?fﬁgd'&l?odlﬁaﬁs Wﬂé{deﬁ {o be 1dustrat|L¥]e
ver y-'st acked I ons nay € | ncreased. e
ordp@idig nb wagdindfing. Hﬁ:elda;ombed mbadﬂgemmrc isusceptible to many

t 0-sensing cell versed er at ion of
B iaians /oL i oRearTent of FerthOF s £ orig o5 BB Kot
inVdhBioR rhiibr) Rlinte@deld to @xomPhsstal diich Mbdifi@lba Mithing, scope, as
bi asi n voltages or current directions may also be

defiagbbys@e clajmd71] Each of the photo-sensing cells
descri bed herein can be used either alone or in 16
31108/ 2006 WD 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
insulation 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 ments
are intended to be illustrative only and in no way
limting. The described enbodi nents are susceptible to
many nodifications of form arrangenent of parts,
details and order of operation. The invention,
rather, is intended to enconpass all such nodification
within its scope, as defined by the clains. 17
31108/ 2006 ' _
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VWHAT IS CLAIMED I S: 1. A photo-sensing cell
conprising: a substrate having a surface; a plurality 31/08/2006
of regions forned in said 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 different depths
relative to said surface, .said depths chosén for

- detection of light of respective wavel ength bands
Wl-rqgg pjel d surface; a conductive region forned
in sard su strate extendi ng . fromsaid surface to an

&SSOCh phdtslsdieify & coiriding! Ural ity of regions; and one
.or nmore insulation regions forned In said substrate

each gxjosrddd RBinfbotH=eai d surface proxi mate and al ong -
.said conductive region for laterally isolating said

condugplirality sfeeions forhédamsahsubsijaflrndatitiem saifice Bnd Rgiwaihbther

t I

meaqt&:né’tggif g%{ﬁgtaﬁ:fﬁég gt?d sQI:onﬁ @br?i tilog’ QL& ﬁ ﬂrﬁr% ?{:‘Sﬂ.ﬁ?hg( of 8:1—

IHnptiens; ah flifferont denths ralatiye E? %@ﬁgﬁm said (dpptis cheq*ea |fcrhd1tect'°n of fight of -
. Bspetive wacampihibahdsgnciebit oh sdid &lifatent er connects in :
“electrical conmunication with said plurality of

r egi dreondustivedegiondermadinshid subsirgepxienidiga fiors saicapieet b vel y -

d460ciatetibné bRAIGRIALIGLf rRGlordsedtigons devel oped from said

pnjunctions when Incident light falls on said

sur f apeor iare findtiphepiorsiemei ingaidelibstrate, eatlaéxtanding ﬂmesﬁd n

, sﬁﬁécé pl'oﬁﬂékeaénl:l Qn dg‘?afd%btﬁxbtw@%%'fo??a?erﬁlg isbBfRtsal Whdudive region -

onS| I con phot'o- sensi ng

frr%‘lﬁ" ag‘acegh?/ep%ﬁ@ “Elainms | to 3, wherein said
cond %Eljem%t leld bl%rbf Eéd aﬂgma'hgn %éc[: s nsgg Qneg%heg %anb‘ﬁl?‘eﬂi with an

assocl ated regiron wt ct ive

nsHigian-matsiél ng cel | of any one of clains | to 4,

wherein said plurality of regions conprises a first

2r egi O BiRlP-SgRSingebeficiaimy T febentamprisiio slectEes infesdorrecty in electrical
f or megmunicafidndhith ki pluraktefiréyions for detédiingélstirRalSRASE REpectively

cel gé)rﬁieé:llrogﬁnggpégonvi‘gﬁéng 'dQve?o?%&j!{o%?ga?or}% éun%%ng Uihgnoig}ﬁenﬁsﬁt falls

a su Irs I on

sub- ?'éﬁi"%h‘rf?ﬁ?re strongl y doped than its adjacent
regions to limt expansion of a depletion region
3wi t hTte mhefogterssing celbaj lain tamblersio sdidinsniaaion @hiedd cdrkpaibesalelst one

I N Sgigeh, P undobli Y@y NY a lower resistivity than
those of said-.adjacent regions. - 1$ -

4, The phqto-sensmg cell of any one of ¢laims 1 to 3, wherein said conhductive region is
_ more strongly doped than its associated region with a same conductive type.

5. The photo-sensing cell of any one of claims 1 to 4, wherein said piurality of regions .

. comprises a first reglon and an adjoining second region ep;taxral[y formed on Sald first
region. ’

6. The photo-sensing cell of claim 5, wherein said second region comprises a sub-region

' 'édjoining said first region, said sub-region more strongly doped than its adjécent regions to limit
_ expansion of a depletion region within sald sub-region and to form an electrical path i ln said sub-
. reglon hawng a lower resistlvity than those of said adjacent regions. :
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Amended Sheet | PEAI AU 31/08/2006 7. The phot o-sensing
cell of claim5 or S, further conprising a wafer on 31/08/2006
which said first region is forned. 8. The
phot o-sensing cell of any one of clains 1 to 7,
wherein one or nore of said plurality of regions each
conpri ses one or nore contact sub-regions extending
from-said surface, each one of said contact
%f?ﬁcﬁ said fi rst

T b pRR-JEAR, S LA Y oORAL LRRS 2wl

regrons tor t'erconnecti oh Fica

i nt er &SIAEIP™ES. - A phot o- sensi ng cel'l’ corrprl sing: a.

plurality of sem conductor |ayers, formed epitaxially

éne oiihe potossensimpashalmny @R of cisinié Atol 7oWhérelly erie df AidielvfsaRd plurality

surfa I

o oo LA fissRuf of il SOl Gl dbnr KR ting 3l ot suface,

secon& SH%ﬁé?'Fﬁé’WB?g'%@gfe s %W%dﬁgfdéhﬂ@l"ﬁ Pdiaceptyedims for
. pn- j uinterdosnestioptwito o élentiesitinistephéns. rel ative to said

surface of said insulation |ayer, said depths

sel ecAgﬁbt&gns;Q@@@gmﬁgn%f i ght of respective
predet er mi ned wavel ength bands incident on said

- sur f agflrality &'s&hﬁédd&d(or oers, qmuﬁzsﬂréﬁaﬂy BREEh t@ﬁ(tgf QREhdAT -

fromone of said layers through said I nsulation |ayer.

for iamtieuztomnget haing weirace Rorfédmlsaid Sahicdrdtadrgasect ,
wherein a first one of said sem conductor-.l ayers
conpreailegmigondugprdayers dtantatalidpped of sband seond catiucie tghes, thus

fsmg%hﬁ‘alﬂi% @ pmjgaweﬁm diffatil dé;%l (ORI %m}hfsraf&g g# %.a%ﬁﬁﬁim :

'ﬁ@a‘?"%ﬁﬁ SRSy SR Lot repedhva g Briny vegelorgiy fnce
e@!@@?'ﬂﬁ@ﬁf:&pat hin said region havi ng a Iovver _

resi StIVI }y t han those of sai d adj acent %{5&@

The FHOFHYOLEROPYRPrs 87ch eending fromoge P hé?'d W@on :

f&)’ﬁrfslanfdrcmmﬂdmomaﬂ depisical intaevpridcte  one or nore contact

.regions, each one of said contact regions nore

st r oMgFn adpEenehsaif semicanduptpriaverpcompigien A segien edioining a second
opelpfabidisergicadactar faysrs, selid @i ketBnglyldoped th@n its adjdcent regions to

hrﬂﬁ‘@:lpgn%rb% 9&)1&? ?A xleg|9:f w:%masaﬁ]f‘%t Iggar %nd t? flqrm tan elléct?ca! path in said

npri_si ng
’@@WEWEW%FGSFSS‘%P@“ ihgsefQSFﬂ%@JaoifEfegfm% phot 0-sensi ng
cell_of claim11l, wherein said wafer conprises a

18 i ThsrRipieeRsing g5fq claims whesein enecir frotkoaeld esdugtor layers comprise
.Conderetor meretcyitact B:gios, schloReofa s Qbritdch@gionemed stioabifdoped than

plur @ dd]aéfen?fegloﬁseé% QH]E}QHQC&% f£aﬂyc%¥1§uctors

11. The photo-sensmg cell of claim 9 or 10, further comprising a wafer on which said plurality
- - of semiconductor layers is formed.

12 The photo-sensing cell of claim 11, wherein said wafer comprises a semiconductor layer
more strongly doped of a conductive type same as the adjoining one of sald plurality of
-semiconductor layers.

. 13. . The photo-sensing cell of claim 11 or 12, further comprising a conductor attached fo said -
semiconductor layer of said wafer for interconnection to an electrical interconnect. -

19
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13. The photo-sensing cell of claim1l or 12, further

conprising a conductor attached to said sem conductor 31/08/2006
| ayer of said wafer for interconnection to an

el ectrical Interconnect. 19 Anended Sheet | PEA/ AU

31/08/ 2006 14. The photo-sensing cell of claim 11,

wherein said wafer conprises a silicon |ayer -and an

i nsul ation layer ad10|n|ng said silicon |ayer, said

Rl ura f senm c rers, f rned on i d
e b6 et sehEfe P OBt P b i Sl i mosedt o S6neyas g an
cel | épbulation ||aarerﬁ4pmm ﬁame!icom: lquu.rsas iplutplilg nfseivomivcter layers formed -

- i 50l abh gdid hERAEH BT of BAWAREXT endi ng bet ween sai d
|nsulat|on layers for-isolating sem conductor regi-ons:

f h t t
38, S5 bl B B S e ol B0 e
cl ai ngach exlgnding belyger ﬁ%nss@hqm lgyesserlisolagngskmigenducteraediann on

conpr oppesitelshibest st ehdiMelatishiendiaomdabiesthdron of three
col or conponents of light incident on said surface.

%‘i A‘I'l%%bﬁ g%fﬁg Q:%Ir of glgrvdﬁlg Gt c?aw{ tloﬁh nvﬁler%ﬂ a‘g lum) % ]pf pn-juﬁchons |

ot 0- sensi n
cl ai nEenprises “I%e prigynefiqag foy d?t%@ormi Fﬁ%ﬁeﬁ(ﬂw wgnems %lahanmdent on
phot cseftesofiaceg cells electrically isolated fromeach
ot-her by an insulation region. 18. A nethod of formng"

£, Sem %H&ICQ)F d@%@f b&ﬁqnaiﬁ%f@rol' ﬁbl? gzpotg Qéntsﬂ% L&k L%h aocordmg ) -.

growi n ma er ayers. one on
anot n"é? 'msér‘%%f% Pﬁ@svm ad atoa?sqfﬁ?'%t)h%ngm
“conduwiscirivally isylptes frort hark other byian nsalatiph asglohi ty of pn
junctions; exposing a portion of each one of at |east

18VO  Of m&RddChf RihihPd sdmicoRducloPdRics cohftsibNg an I nsul ation
| ayer on said exposed portions, said rnsulation layer

havi %ﬁ:taﬁlallysdrﬁﬁnﬁ% a vPalﬂ# a PRRMD B iﬂfers%’ﬁb gn BE ZhdiAF %ﬁd‘%ﬂérnatwely '

t
R b S ogichisige o %ﬁkvél%ﬂf&%ﬁﬂﬁ%%as
i nci %Em&é‘ pSHitnthr Sdth Bﬁectg at 1844 B oG tyco?ﬁ yetor on
each-one of sai d expose portlons conduct or

ext eﬂ:dhlﬁgarf IhUBi orﬂa_v}'ed o@%ﬁ&e@ ﬁB’rﬁdn@ réﬁrd ir@ﬁl%ﬁ Eyecr@\laﬂng a
t?ﬂ’é@et, %edegrj'ns g’f% 8}]_ns Pr?g r'eppve to arJ sgg?&g(?sgfcﬁgely rgnosen for detection

Ofé'shtwéﬁfﬁ%wntyfawaw ﬁ@dsémlda"tﬂ'ii $a$€t surfegaemdof a first

condyctive t a secon 0S
- sec o'?‘i%c"@oﬁqc&ﬁ OV@ ‘f%%"e 0? Fﬂfg ﬁ,p?{bona qafér%quuctor extending from
saishgxpered ipostions through said surface of said insulation layer.

) 19. A method of forming a semiconductor device, comprising:
epitaxally growing, on a f' rst layer of a first conductive type, a second layer of an
opposne second conductive type thus forming a first pa-jnction; -

forming, in said second Iayer a first well region doped of sald first conductive type, thus ~ '
' forming a second pr-junction; '

forming, in sald ﬁrs; well region, a second well region doped of said second conductive
‘type, thus forming a third pn-junction; said pr-junctions at respective depths, relative to a surface
~ of said second Iayer chosen for detection of Ilght of different wavelength bands mc:dent on sald
surface . ' - '
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formng, in said second |layer, a first well region

doped of said first conductive type, thus formng a 31/08/2006
second pnjunction; forming, in said first well

region, a second well region doped of said second

conductive type, thus formng a third pnjunction,

said pr-junctions at respective depths, relative to a

surface of said second |ayer, chosen for det ecti on of

I i ght f. ept an _
g o cbmily hSaE GRS jﬁ«%&ﬁ%ﬂs&*f? Gef 5 ¥ondlefle egon
fope fnsg'd firsh capdyctivestinecspriending feom seisldirsh iy troughysaidhsegord Iaygt' and .
wel | - ctlve egi o ed-of said.fi
* conduct ey BeBR K i ged s PGy anvapay sad oncictve
trelip oy hoisfalg @aid eandvrdive nagio fromaa depletioy nagiongwithin in said setandifayer.
trench in said. second | ayer proximate and along said
conductive .region for isolating said conductive
region froma depletion.regi-on within in said second
| ayer. 21 Amended Sheet | PEA/ AU
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