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PHOTODETECTI NG DEVI CE Field of the invention The

invention relates to a manufacturing of a
wohoispdexsect i ng devi ce, conprising a phot osensPCTAB2004/000905

part and an electronic circuit part, such as a CMOS

I mage sensor. Such a photodgtecting device conprises a

plurality of photodetecting units, also called pixels,

whi ch are usually arranged in rows and colunns. Each

of the photodetectln% units conprises: -

phot osensi tive p&HQ QD&TBCEH%TS&E%&E at its

surface, able to convert the received photons to an

el ectronic signal; - at |least one electronic part,

Field &ftha ihvaitinst or, el ectrically connected to the

photosensitive part, able to process, once- havm‘%
r eCbe visyentien maates "tone, manafagteiing| ot 8dPkotedetasiing device,

oG GBS SA3] oo AICOIIBNS s

imayY sertetrai | s, see for instance 2 and 3 of EP 1, 256, 984
docunent). One of .the nmain advantages of

te@HﬁBI%d?ﬁqt‘éd‘?tﬁét“i*%rﬁ’%"q;%m&”%ﬂs ehe! qra'&miof photodetecting
e
unilsy oS Bl pixEE v i fald Bl atrRicd Ao AR Eolfne, Each
of tﬁﬁ\péloaﬁ)détem mgltsmmptlﬁeal confi gur at| on of
ot odet ect i evi ces have
1 S POSiaeN B v Batp IS A MO BOIBHLBEB RS A ABIR o gonvert the
fi rrPE kgemom%dgﬁ r%ﬂhdjﬁghge has a hori zont al

configurati .e. each photosensitive unit (or

Pt xatl Iéa@toclmr emsronh: parg, IﬁwéaIw&mrdelémjmcsall@&:ormeoted to the
phot osensi tjve el enent and an eIectronLc el ene

SeHIPRRN S}V PPTeFAIA (oPERGESH: PRYRINEVEIG (7@l 2 command
(o B BotiAliRed eitinrahiOenarBs RenInG IR e ek do other

(conpose exa l"ayer a an

a mdrypmér&tye(arﬂ@lﬁbcatca’gl eswitche ombetd readout means (for more
details, see for instance §2 and §3 of EP 1,256,984 document).
One of the main advantages of this technology is the rapid readout of the

light information, due to a light acquisition in parallel over the different units.

Background of the invention

Several kinds of structural configuration of bhotodetecting devices have
been proposed. |

As disclosed for example in US 6,380,5668 document, a first known
photodetecting device has a horizontal configuration, i.e. each photosensitive
unit (or pixel) comprises on its surface, side by side, a photosensitive element
and an electronic element, separated by a field isolation layer.

Figure 1a illustrates such a pixel 100, having a photodiode 10 (composed

here, for example, of a p-type layer 10a and a n-type layer 10b), able to convert

the received photons (hv) in electronic charges and, beside, a transistor 20
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t he received photons (hv) in electronic charges and,
besi de, a transistor 20(surrounded by a field
wo0lsa860n | ayer 30) able to receive the el ect POMiIIB2004/000905
charges fromthe photodi ode 10a. As shown on figure
1b, which represents a fronj view of the photoreceivor
pi xel surface 100, the latter conprises a
phot osensitive part 10 and a nonphot osensitive part
25. Typically, the photosensitive surface represents
(surs6unded 69% fHieldtiselation ilayer@BXeible do raesive tos s@plionia gharges

0 is not optimsed, since a part of the
fro”&ﬁ?ﬁ BH {Oﬁchﬁl(ﬂ% on the pixel are lost. A solution
VoAl dhB@ntdh figEeCh, WARcH 'ré’@’e%fanfsh@ fioh€e Gichnobf thePstidtorsbeivor

But such mniaturization has its own technical limts.
pixatusurfanend e, the daiterf comprisee @ pbatasepsitiveipart 10 and a non-
h %rastltcal‘lz%,h&gduced in size, the surface of the pixel
PROJRRFENSHY e hori zontal configuration, will not be
deg,vpi@éls'dtﬁ@ pRbRisensitive raurfae 8BPasehts 88% 1 6PUseiithicoentire
| ens over each pixel for focusing the entire
plXQthlhfﬁcear riving on the pixel, ta the photosensitive

T e R R

pho@@ﬁaﬁﬂﬂw@@nﬂﬁeﬁfxél giecloey, not sufficient enough. A
second ki nd of known photosensitive device |s he

soA@QNt'é’B woidd ibe mdﬁdHa@ the sige\nfdlae elacyepic paft
é&ﬁéu&tﬁﬁmé@r&?ﬁm'hgﬁsggbwh tleElHﬁul:Qi' ﬁn‘4 t§ qu{He?ﬁﬁgé even if

doped su nce a p+-t covere
the tebgctianie pattds ixastivglipret hesd trypeepfhedmmfa@ of the plxel 100 in

AT AT ST e
SUp$ids \"’/‘ISI%PEée& l?@%dﬁed RS KRlr¥e g%ﬁ%‘ix&tféh%usﬁéoﬂ?\eaénﬂr@ light,

preser e periphery Ib, hus formng a central

- arrisipgnonghaSpixeh do pibei pheilo;aemajtmé elamentibas disalosdrbin the US

hol
6008585 FcMdnStructure comprising the top |ayer

But this solution is not desirable, due to its high cost and to an efficiency
not sufficient enough.

A second kind of known photosensitive device is the so-called “back-
illuminated” device.

Figure 2a illustrates this device which initially comprises a doped
substrate (for instance a p*-type) covered by a top layer 1a having another type
of doping (for instance a p-type), and an electronic circuit layer 2 (including a
plurality of transistors 20). The substrate is then selectively back-etched, such
as to preserve the periphery 1b, and thus forming a central opening 15. The
periphery 1a of the substrate then holds a thin structure comprising the top layer
1a and the circuit layer 2.

This structure allows the thin top layer 1a to receive the photons coming

from the “back” (i.e. passing through the opening 15) and delivering an
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la and the circuit layer 2. This structure allows the

thin top layer la to receive the photons com ng from
woOhes/lsexsk” (i.e. passing through the openi ng 2&Y/I1BIA4/000905

del i vering anel ectronic signal associated with this

photon illum nation to the gransistors 20 included in

the overlying circuit layer 2. From Figures 2b and 2c,

whi ch represent respectively front views of the

surface of a pixel 100 and of the opposite surface, it

eleeippaiarsignalagssdsiaied it ghig qemion ihanimatine tarthebisensisters 20

. id first. i devi ce, h
o3t v odind SRR BYEE R "Dhot or ecel vi ng sur f ace,
t herdratRiglirdse2th aindh2e) whiek arepreskil r&(s@kﬁtdiv@?ﬁ feont dews of the
hot osensi ng. However, the manufacturing of this . )
surbieopiiapistlold 8o ¢ighacRRastRSS Tage, doskpesia thahihisevice
gl i . b frat i
dogeps B3 Afle) RAEERE St Baid S RASORERTING Jofls. 89 the

trarddstoe 20Ha ot onethkl gradtoeeahMirgy satfacs, the . |attercheing item close to
cﬁgrt i s buried under .the photosensitive part, as
10QvsdedisatpdriorPhaieseliiid-i n EP 1, 256,984 ; EP 1, 026, 747;

oo agueh e e G gt s o pholddEec s nigh
cost abdtimadies %o lossramimpabrtant @dré of thenbaclc sulestrate Idayieg tBe etch-
is formed (by crystal growth, doping, plating,
backy85P®$-0on, .. .). This circuit layer 2 usually
co {i [ i a t ' adirn i i
1 AR knBu PRt U PRE e L VR foriiGfration, e
elecioonicipsirhiy irect vnderdhe piotosansiiveaetirt asedistlosed for instance

in B A4 BB Erah arein 90 20 ORI 4 e i ¢ cui
| ayRiure 3 fusteres afichypflodStebfid aBvicauethich is fidate®from a
direl ectric material with a shielding 31 on the

a
substrete Bdrgmivdnicl ot electrorc cireuib éaygsteisabrpad (by eristagrowth,

il um ign. T i splat.i on 3 ' . o
doing. PERBl; BEBagieor i dcut ke’ 2r Y ‘Einerigqse ciroui
centidl ?ahoizeihc]mgiﬂ”né vardistors POf kchipitel ahe a peripheral part 21

phot osensitive part to the electronic part. A dop

COrppItIing ealectionie qoagreenents dedigated 4o cddiessing sﬁ-eu@@fﬁ%@ng the
sigﬁ&gq%?ﬁQhé)fpb?el?E\XB%ending them to readout means). The circuit layer 2
is covered by an isolation layer 3, mainly of a dielectric material with a shielding
31 on the periphery for protecting the peripheral part 21 from illumination. The
isolation layer 3 comprises electrical conductor channels (not shown), so called
“via hole”, so as to electrically link the photosensitive part {o the electronic part.

A dopéd photosensitive layer 1 (for instance a PiN structure composed of a p-

‘type layer 1a, an intrinsic layer 1b and a n-type layer 1c) is formed on the

isolation layer 3.
Due to the non-crystallinity of the isolation layer 3, a crystal growth of the
photosensitive layer 1 is not possible. So, the photosensitive layer 1 is formed

by deposition, and has an amorphous structure.
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| ayer la, an intrinsic layer 1b and a n-type |ayer 1c)

is formed on the isolation |ayer 3. Due to the
waamsmsyssal | inity of the isolation |ayer 3, aPCTyB1084/000905

growm h of the photosensitive layer 1 is not possible.

So, the photosensitive layep 1 is forned by

deposition, and has an anorphous structure. Now, an

anor phous | ayer conprises many charges traps able to

I mobi | i se el ectrons and holes during a tine, so

caNped ani msapheds abaser obPMprisRSs anenyppeargssatiges able to

 imiale Rty BRECAMEE L b e ShCedle i d agption”,

Thése itragpat neéhdrges aswi gownehe! r@b@?ticﬁr@rarmio Ihtefeet aithi the next
| ayers, fromwhich it follows a |lower efficiency for

detepfigng.ype of device and leads to a | ess sensible
de t 2V, ' The . i [ :
458 Rbya WIPr 3 AR SRR Bl fons o hen

lowehddroden esydstallinddayeres froyn whinhos ifolipves aebived efficiency for this
manuf acturing a photodetectjng, device, conprising the
type §f dgVicRPst %ﬁgs te 3)leps sonsibieFeiestorst waf er
conprising a photosensitive |layer nmade of a materi al
chosen from sem conductor materials, and a second
Sumaiary of tinventigna circuit |ayer including electronic
c onegnts, one of the photosensitive | ayer and,the .
TR PeBYR Teidny doudr diShyRsbacker | YOrAH o apivious
phdto&@%cﬁﬁ?‘d'd&/iéé%e B}ljrgﬁroiﬁ@éiﬁ{; and phdifiod e CHNdmtRlfctdthg a
as to forma structlrée conprising successively the
phatodetgicting dgerice, compfisimigdhe ollawingstéesyer and t he

S GLIE bR THIE i, moce of o
PhohaeeRsi dHosen! &¥al detnicoRdictoPimateiBise! &6d r®&dekond wafer

conponents of the circuit |ayer. )
comprising a circuit layer including electronic components, one of the

photosensitive layer and the circuit layer being covered by a field
isolation layer ;

(b) bonding the first wafer and the second wafer so as to form a structure
comprising successively the circuit layer, the field isolation layer and the
photosensitive layer;

(c) forming electrically conductive via so as to electrically connect the
photosensitive layer to inputs of some electronic components of the
circuit layer.

Other characteristics of the invention are the following ones:
- step (b) comprises a molecular adhesion;
- step (b) comprises, after the molecular adhesion, a thermal
treatment, the material which constitutes the field isolation zone being chosen

for improving the bonding when this thermal treatment is processed;



O her characteristics of the invention are the

follow ng ones: - step (b) conprises a nol ecul ar
wadhsaseris - step (b) conprises, after the nol ecuiiBaoo4/000905

adhesion, a thernmal treatnent, the material which

constitutes the field isolagi on zone being chosen for

i nproving the bonding when this thermal treatnent is

processed; - the material chosen for the field

i solation zone is a dielectric, such as SiQ2, Si 3N or

Si x-Oy Mae materiéi clxseaneiondhe fieldtipelation zpnede @, dipleiclice such as

step. (@), 2 mation of the first wafer conprising
S'éﬁeg\“@ Pg\ﬁﬁdq%teps : form ng the photosensitive |ayer
on a f4 fih rﬁé‘t‘Pu%Hr@Hﬁer cBRIMIsBS, beRr&RASPIENH tdrifation of the

| ayer wth a hol di nlgl@f/ubstrate of a transparent
flram@hrabmmwmﬁi@fq tng stepgyl ass, fromthe

hot or gcept i ve SI of th ;

B T SR e R L

thus W”Mh(ﬁhggthbhﬁh@ﬁ@@bﬁﬁﬁ%lléyé/revdltﬁyﬁfh@lﬁmgt Babstrate of a
hol di ng substrate; - the said first method further

conpr i selsanspasesk emateiialof seelt nBRg qURstZphet oglessi tfrom  the

an’ o bot P eRfSuasn el e R RET AT ™OC

subst vat @moihg éfie fitstpubétrater:m ng the photosensitive
| ayer and before step of bondi ng with the hol ding

subst rat e wdd‘.rrﬁbwaé@r $USCRBEUHAD éh@dﬁth%%ensaty@r layer and
made of ﬁ?&cﬂ&ﬁﬁa{] F‘%ect ri _ca! conducti ve mat e_rl al ,
on ﬁ

such as osensitive layer; the said

first thebgid ffrgtrmleefod:mmhrerabn@rﬂsb@:fi rst and the
second el ectrode | ayers; - the first nmethod further

conpri se¥ Q@th@ﬁfﬁ@r@mggge photosensitive layer, a formation of
a first electrode layer made of an electrical conductive material

on the first substrate ;

v after step of forming the photosensitive layer and before step
of bonding with the holding substrate, a formation of a second
electrode layer made of a transparent electrical conductive
material, such as ITO, on the photosensitive layer;

v’ the said first wafer further comprising the first and the second
electrode layers; -

- the first method further comprises the following steps :
v' before step (a), forming the said circuit layer on a second
- substrate, forming thus the said second wafer;

v after step (b), removing the said second substrate;

- during this first method, via holes are formed during step (c) through
the surface of the circuit layer, passing through inputs of some electronic
components of the circuit layer, to the photosensitive layer;

- a second method comprises the following steps :
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before step (a), formng the said circuit |ayer on a

second substrate, formng thus the said second wafer;
waho@rsexsep (b), renoving the said second subsPCaB2004/000905

during this first nethod, via holes are fornmed during

step (c) through the surfacg of the circuit layer,

passi ng through inputs of sone el ectronic conponents

of the circuit layer, to the photosensitive layer; - a

second nmethod conprises the follow ng steps :V before

step (a)befbor nsteg (de fomoling ethei photoseagiiveotayerf onsta first

AT DB T B o 0
subst Wtﬁtersté;’f?o)é?&r%@in BhBifstisubkiate; conpri ses

before step (b formation of a first el ectrode
| ayer thensecafd metteditrrihier abmpoisdact i ve material on the

o9 Feb AT b PSR, Gt AR B bt an
made of dedtfieaRMaBEHyE hREEAAIGH th@%ﬂiﬁééﬁéﬁi\@b%%a' :

such as ITO on the photosensitive |ayer; the sai
firstvwafter step ofsemovimgr thei firgt sulkestratesa famaatiore of a second

second el ectrpode | avers: - during thi econd. net hod .
the vi a AL RV oBe sl g ersp BT oRGR AR Conductive
sur f ace rphtetif sDBRERIFTE idni the ghayederisfivengydrs of sone

el ectroni c conponents of - the circuit layer; - the step

of retitsigaid slinsbiwales fusthepesempdsipg e Ifissts @ngnéhefsecond

the f | techni ques : chem cal etching, selective
chem %L%C?@tdgﬁ%%,%’ grinding , polishing, CWP, - the

step @furihgnBiid RGcoHY Sk, ClRBPYiaSRSle8NaRN fdreed Midvihg step
for detaching the said substrate over an enbrittlenment
througte the svifeas| §f ther pbatasensitive Jayer &ubnyiatef; some electronic

components of the circuit layer;

- the step of removing substrate is operated by at least one of the
following techniques : chemical etching, selective chemical etching, grinding ,
polishing, CMP;

- the step of removing substrate comprises an energy input for
detaching the said substrate over an embrittiement zone previously formed in
the said substrate;

- the method further comprises a formation of the said embrittlement
zone in the said substrate by implantation of atomic species, such as hydrogen
and/or helium;

- the method further comprises a formation of the said embrittlement
zone by the following steps :

v’ providing a third and a fourth wafers;
v etching a surface of at least one of the third and the fourth wafers,

in order to increase the surface roughness;
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- the nmethod further conprises a formation of the said
enbrittl enment zone in the said substrate by

wonpisasessi on of atom c species, such as hydr ogemIB2004/000905
and/or helium - the nethod further conprises a
formation of the said enbrittlenent zone by the
followng steps : providing a third and a fourth
waf ers; etching a surface of at |east one of the third
and the fourth wafers, in order to increase the
sur f age bamijﬂg‘lélm tNrbandi thg fduetht wafers aafdtheneougbu sarfiace(s),

eobet t adtrnighis i 36 Sfiridke JbRBLOR iMBlRGE BRIRPIR said

enbrlttlémg,nﬁbﬁ@ﬁezonethe met hod further conprises a
surface finishing step of the detached surface,
enpi oytegnathod &srﬁtermmmsasmasﬂmmaﬁmﬁbmg@iﬁpmmdetached

S R R T S T

etcﬁlﬂgebolﬁhlﬁ@GCN/IPf §$<ld§t—I@ﬁtt'héFrﬁaFé’|%dl§eS crystal growth
dopi n he method further conprises, before

st ep, tlaeff@rmnatldnrmnOﬁ)fthe hehotoskasitivn llaa?érOrbrihtBhél’St substrate

hot osensi tive |a or. on the circuit layer; - the
COMRYiSRS FrYRLa Lgro(vhtb% §PINdo| ation | ayer conprises the

f oromatyh gqéiﬁo@ﬂﬁme?lc@hwsfe@ BERr&REep, %@ﬁhhﬂ&\@bﬂr@f isolation

the fie i sol ation | ayer over a detérm nate w d
layerhen the photosessitive kayapor sedhe cisbuit lyety of
transi st

d 0
patt ol IO TR, e BRLSIRU [T eorHiesifBnfamation of a
shi®d n:?stoowtﬁﬁs nngg@?ﬁeﬁy bf ¥ hameirsolah@n ehRSitdvera determinate
ected to so

con ransi stors by sonme conductive vi a,
widthgr mi ng thus a plurality of photodetecting units

(50 o Bl 8V ormniage S SRV s EHRIOR i the
cirduftviaDel RNpattePeaesuch M0t o8 s&lp Y i¥eMipidmented, parts of the
photosensitive layer are electrically connected to some transistors by some
conductive via, forming thus a plurality of photodetecting units (so-called pixels);

- the electronic components by pixel comprise CMOS component.

In a second aspect, the invention proposes a photodetecting device
manufactured by a method of manufacturing a photodetecting device according
to one of the previous claims comprising : |

v’ a circuit layer comprising electronic components,

v a photosensitive layer,

v a field isolation layer between the photosensitive layer and the
circuit layer, including conductive via which electrically connect the
photosensitive layer to inputs of some electronic components of
the circuit layer,

wherein the photosensitive layer is made of a crystalline semiconductor

material.
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manuf actured by a nethod of manufacturing a

phot odet ecti ng devi ce according to one of the previous
wobheismsesenprising @ a circuit |ayer conpri si ngCT/IB2004/000905

el ectroni ¢ conponents, a photosensitive layer, V a

field isolation | ayer betwegn the photosensitive |ayer

and the circuit layer, including conductive via which

el ectrically connect the photosensitive |ayer to

i nputs of sonme el ectronic conponents of the circuit

| ayer, wheadiauldrhehgradedstimef thes saidapleotodstaniidg dsfvice could

crystalline sen conduct or mat.erj al.. artjcul ar
be daF 4he cPaidt PROSCIREVE JR¥Shiic: BT hgid, iubstigls f a
trarﬁ‘g)atr@ﬁt mbftiat 8 ?BhB{HHsoéélﬁé Iddated IRyl b%t@#&cb%%gide of the

I'ding substrate of a transparent material to photons

phdiesensitiveckayetdd on t he phot orecei ving side of the

phot osensitive layer. Brief description of the

drawi ngs Ot her characteristics, purposes and
Brig¥heatigg6s oPthd dawinygntion wil | appear in the next

detaiTed description of the invention, illustrated by

t hetharl charasierintieni mysposasi gude agyantagessehdhart inyention will

oo T G e Y SeBp R S I Gerten by e

followingnaainindg ont view of the surface, of the
phot odet ecti ng device according to the first prior

ar riguydlenis ke selervalip siessssedqtiogal viepgof 3 phaledeipgting device
- : J Lew of a photodetecting device
aCC@i@gééﬁ%ﬁHﬁng&s%%ond prior art. Figure 2b and 2c are

r eBigaed iTbelsya Schematit drdnt midw \of s suifaicbeofs thid phetodktecting
t he phot odect ectj ng devi ce accarding to the second

devige aecqiding tprdherirsfaanias @st, which fstestsrhi@nghe opposite

SUE{AFE 2a is a schematic cross-sectional view of a photodetecting device

according to a second prior art.

Figure 2b and 2c are respectively schematic front views of the surface of
the photodectecting device according to the second prior art, which detects the
photons and the opposite surface.

Figure 3 is a schematic cross-sectional view of a photodetecting device
according to a third prior art.

Figure 4 is a schematic cross-sectional view of a first detecting device
according to the invention.

Figure 5 is a schematic cross-sectional view of a second photodetecting
device according to the invention.

Figure 6a to 6m are the different steps of a first method of manufacturing
the first photodetecting device according to the invention.
Figure 7a to 7h are different steps of a second method of manufacturing

the second photodetecting device according to the invention.

Detailed description of the invention.
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Figure 3 is a schematic cross-sectional view of a

phot odet ecti ng device according to a third prior art.
WOi200510862861 S a schemati c cross-sectional view BETAB2004/000905

first detecting device according to the invention.

Figure 5 is a schematic crogs-sectional view of a

second phot odet ecti ng device according to the

i nventi on. Figure 6a to émare the different steps of

a first nethod manuf act uring the first

phot dtst ebiech@f daeue\éerg@@owdihﬁgmeauwéunm@ &hta ghotodetecting
de\};’f&Hé@n g @{rﬂcgﬂb@{ﬁ ubitldrete 6n§ﬁ%r%¥r§ggé tpq{ot@se%%g%qagsﬁ Re of

manu urin e sec hot ectin evi c

a ceystalling Bgrrmbrtdmetomnehehabn Det ai | ed descru ption of
the, i nventi rst object of the invention is the

Bt PREOT e yBBliS Is0i rigoast PuBSIned Ggnanttacturing
suc‘ﬁ%ﬁdtéé&t g:ﬂﬁ 'd%Wc%téd)fPWa %Tﬁﬁét%béﬂsngg%@?ﬁaﬁé‘?%‘%b%v@e%cated

| ayer. acr I'i ne” sem condtct or
orczlemm w{j)%oded)@atedéortmwphmhoeensmgto process a met hod

Cnd B cheHednE iRy S dhaechEH, (i abedre aeodu econd

phdt@dét@@ﬁ’h@@@\/%étéiiéo?d?né e tHDIPUESEES | dn OPrFél yre 4 and

Figure 5 respectively show a first’ and a second
phot odq:!l’&:(t%ergmﬁd&hag{er d¢cording to the invention,

Lo t I 1, -
o e B R, L
3 i1 :
&epafﬁ%fw rl‘éblégk?n %?er S y?a’cu;(ﬁ éﬁ@ﬁﬁbt&seﬂgﬁlvﬁnﬁy?rab and the

circurt layer otosensitrve
1 i's nmdﬂthenﬁnocrystalline seniconductor naterlm
X, Of 'S | gys.

e Si

rbtessEhiyt {08 PagioRenSElR s [aver s Torin: Biacucs! Tromgeysigine
seﬁi@éﬁ&u&ﬂ?n{%{t@ﬁélr I|I€é‘é| ISY r@éﬂx%“r sdh?‘@' TS IETRIIbRES

dopi ng el ements’ whose nature and

As the photosensitive layer 1 acts as a photodiode, it has at least one
electrical junction, and thus comprises doping elements whose nature and/or
concentration suddenly changes in the thickness of the photosensitive layer 1.

The photosensitive layer 1 can then be a PN-type junction, a PP*-type
junction, a NN'-type junction, a PiN-type junction, or other type of junctions.

In order to facilitate or allow conversion of the received photons to

- electronic charges, the photosensitive layer 1 is preferably covered and

underlied by electrode layers respectively 8 and 7, for biasing it.

One electrode layer 8, located on the photoreceiving side of the
photosensitive layer 1, has to be transparent to permit at least part of the
photons to cross it, and thus to permit the underlying photosensitive layer 1 to
receive them. .

This electrode layer 8 can be for instance made of ITO (Indium Tin Oxide).

The other electrode layer 7 can be of any electrical conductive material,

such as aluminium or TiW.
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concentration suddenly changes in the thickness of the

photosensitive |ayer 1. The photosensitive layer 1 can
woOheos/ose23a PN-type junction, a PP+-type juncti 8aT/1B2004/000905

NN'-type junction, a PiNtype junction, or other type

of junctions. In order to fekilitate or allow

conversion of the received photons to electronic

charges, the photosensitive layer 1 is preferably

YRR e lR eV S inciiies hechBSiel detramte commanepts that reteive,
and %ﬂbﬁﬂlwanﬁ“ﬁ/ @ﬂwmw ; orﬁL@%cﬂ%ané‘F charges coming from

hot osensi tive |ayer 1, has e transparen
’[heyﬁmﬁmerﬂtl\welayer part of - the photons to cross it, and

I 1
t oY st drebE i R BESEranty P BRR oy " Live |ayer
' nst a@QﬁerﬁP&Fﬂ%o% QZTQh(dmﬂbW@e@éFefﬂ‘drﬁg)co Hhet 8{ the pixels

electrode | ayer 7 can any e i oAl Con
mat er 180, such as al umi ni um or Ti WThe circuit layer 2
i ncl udes th onent S that receive,

and offt PBHB S;a' a?ﬁﬁ‘? f§1ct ron CWC thereglgctronic components
el ect Hedicaadd %‘M@gédfé&mn@gplfobeﬁé Uﬂ%h egrﬁﬁﬂﬁfxbls"&ectmmc

layer 1. This circuit layér 2 has prefera
ar eas companests logateddndhe zentnalctonen?2.udes eI ectronic

e ieRofete bl e dPpofie piefi dHeN s e dogst one
elettfoniaddngssiiond 20 @Astated id hguidist{ ehans R é(?rlaﬁ&stor% gnd the

el ectroni c conponents located in the central zone
parEgé Hhphphelgeersitivedayen f wbh( isr diresity bove) theospidi abdeast

e|e<1§}}0,{,g@8}nggp]ga§ggct roni c conponent 20 (illustrated in

as a transistor) and the part of the

pﬁatwﬁaesnod) vitiel pare of photdsehsitive ﬁiy@?qtébﬂ ﬁf@é(tqeéé‘teelectromc
said at |.east el ectronjc conponent 20. In a pixel 100,

compneit 20 e elreirericaly tinked by peria holndOt Reviaholecd@ being an
ele&ti€Sly SHductive channel.

The via hole 40 can be for instance filled with Al or TiW, or other
conductive materials.

This via hole 40 allows to link the photosensitive layer 1 to the input of the
at least electronic component 20 (illustrated in the figures 4 and 5 as the source
of a transistor 20).

A field isolation layer 3 separates the photosensitive layer 1 from the
circuit layer 2, and comprises, at its peripheral part 31 a shielding whose
function is the protection of the peripheral zone 21 of the circuit layer 2 (and the
included addressing components) from the outside illumination. Material chosén
for shielding may be all non transparent material at the considered wavelength,

for instance tungsten or nickel.
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conponent 20 are electronically linked by a via hole

40, a via hole 40 being an electrically conductive
woheosrsé236 The via hole 40 can be for instance PCIiiBm04/000905

with Al or TiW or other conductive materials. This

via hole 40 allows to |link tihe photosensitive |ayer 1

to the input of the at | east el ectronic conponent 20

(illustrated in the figures 4 and 5 as the source of a

transistor 20). A field isolatiqgn |ayer 3 separates
t héhpHeRBERIEING A2 pgm isolpfiom Yy o1 PleGHica ¥y36Pagates the

' cir?\}}(?]tqa AP She ?B@otcﬁ%ngﬁ‘l% PRI e@?éf;’hﬁﬂf tﬁeiﬁlﬁ]ﬁb%ibrlﬂ) which

ose function rotection e per era
pasmesehiughl. the circuit layer 2 (and the included

Vi B6 G Toh GOBR 1258 lecP R AP Gy CLBetrel e S SiC. Sids,

si Ornspar ent mat eri al at the consi dered wavel ength, for
rhstance tungsten or nickel.The central zone 32 of the
i sbughéeoio lthy dhre®e prameding lyeys {iepaphotosensitveilayari t, circuit

oy S e CAF 1RE LBl Vo vic nEsERly Emprsos o
holé%u%%ér?@@mfpfne%héh@bw§ﬁﬁéhs'mb€Wh@lb,deS/wéh as Si @2,

_ XOyN2. Further to the three preceding |ayers
(i FigurpHosbewasa firstephaipdetecting ideyige: acegrdingtoathe invention,

whiaedh e oBinbyttiat B 8 IREE EE M 31t g photosensitive
layge¢hani cal Iy stiffens the whole device. Figure 4 shows
a first photodetecting device according to

i nfenellosingiher @h@#omgo eneh e BhevseaciEve |$>2e?| ‘bdhiselplding
s, S30%s HIELPLLOPETLIAEERES 1 s, g, gl or
qudrtz bhasy bthetimagtesiabtnsparefit fodthe twavatengit of dfterest.

B A e TS S M Y S

| NEGRASImMore, it allows electrical contacts directly to the electronic
components 20 of the uncovered circuit layer 2.

Figure 5 shows a second photodetecting device according to the invention
wherein the holding substrate 9 is located on the side of the circuit layer 2.

The holding substrates 9 can be in any material, like a semiconductor
material, as Si.

This second photodetecting device is then illuminated “by the front”.

Photodetecting device of the present invention does not necessary
comprise a photosensitive layer 1 in an amorphous semiconductor material, but
can comprise a photosensitive layer 1 of crystalline semiconductor material,
even if the underlied layer (electrode layer 7 or 8 and/or isolation layer 3) is not
of a crystalline material, contrary to the photodetecting device of the prior art
wherein the photosensitive layer 1 has to be in an amorphous material because
of the non possibility of growing a crystalline material from a non crystalline

surface.
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This first photodetecting device is then illum nated

"by the back"”. Furthernore, it allows electrica
woamisasésedi rectly to the el ectroni c conponent BCRABWN4/000905

the uncovered circuit layer 2. Figure 5 shows a second

phot odet ecti ng devi ce accorghing to the invention

wherein the holding substrate 9 is | ocated on the side

of the circuit layer 2. The holding substrates 9 can

be in any material, |ike a sem conductor material, as

Si Thgmhotedeieniing Weviseeaesarding igethecidvestiemdinen improves the

G " freng”. ti degvi ,
rliph AR i, Mkt Bokhe FHRURASHEE, ey &€ Ghstaline

serpitohdeetosi irateridlayidesl noh eomprive phnys chenjecassicll@® in an
materi al, but can conprise a photosensitive |ayer 1 of
amerRhaus| Mater 13 e ANl ARNRABIENH €R§S Ot Prasents p ms of a low

aveﬁ%@? Gk (ﬂye?éctgﬁsféé@%?feoc# Bgﬁ{cozniﬁglqﬁoﬁtéwgn@{e in amorphous

ation layer crys erial,
anc ther ialeadsdo tahmopd et nsibiccddteoiprdevi ce of the prior art

wherei n t he photosensitiye | aye .has to pe_ in an .
angigb'ﬁ% 62 ReSBr W SEVATR St oha ]fﬁ%tnmsewr Bf manyfagturing a
! " . . C
phibBing VLR (Fic o8 PR (10 BlotoEM Boep refafif e e 4).
i nRefarriog to Hegure nga, ox dissit steprempitisds provadidgtaheemiconductor

efficiency aof the phqotosensitjve layer 1, as
sutitipls 5 pr e g hiessTe s [ en 1 oty o g g anake 2
dorshsueRaeaertraps like in an anmorphous material, and
consequently does not present problens of a | ow

avEhadiestraubbtrateod i praferabhsa georrciistalling sulpsitate vgrich can be
hot.on i ke i.n, amorphou nd then it l.eads,to a r .
mal3g R 2k qddietiph e Pt 2GRS ob et i eETe sBreS of Bierials
likeoh first istbstramet BosbrAprisiRgUd el sLbStrateP8PhAdes asifffed Structure
device (the said first photodetecting device referring

(whieh serfinres pipstirdetaults gdiasanty thelaliice parameder)dn SiGe.
CoMrFrBbh LG ABERECIE NS b kB gty

moRB&§stlliheeith sittksplastiedéfauits.

The photosensitive layer 1 is then grown by any known epitaxial
techniques, such as CVD techniques, as PECVD, MOCVD, LEPCVD...

In a variant, the photosensitive layer 1 is formed by deposition in order to
make a non crystalliné photosensitive layer 1 like an amorphous structures.

In order to create the electrical junction in the phdtdsensitiVe layer 1, steps
of doping succeeds to the growth step, such that the photosensitive layer 1
comprises at least two levels of doped zones, a doped zone having a doping
element with different concentration and/or different nature from the other
doped zones.

Thus, the photosensitive layer 1 can present a PN junction, a NN-

junction, a PP+ junction, a PiN junction...., depending on the requirement.
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The first substrate 5 is preferably a nonocristalline

substrate which can be nade of a bulk material (like
wai20wroséesa) or nmade of different sorts of nat eCTAB®04/000905

like a first substrate 5 conprising a bul k substrate

Si and a buffer structure (yhich confines plastic

defaults and adapts the lattice paraneter) in SiGe. In

any case, the fi rst substrate 5 presents a top surface

referably nocr line with tt astic
Seﬁsfﬁrf@g ’ferﬁl'é o§ H§i ?k%«‘&miﬁ;l%yerl fﬂ@??"grfevmeé;pn the
Xi g h
ph?é%%’ﬁ%‘%éé%’?‘pgcbﬁ‘ YU Ty B i€ made of o transparent

cortdwtlpadﬂyes,emmhaS/EFCDayer 1 is formed by deposition |n
n crys IIJne hot osensi.tive | ayer

| %8*%‘1%2{5 @Q%ﬁs St 2R dTRIEIng| slegr SISty 1prigapian qgeatomlc
speRieslikd ﬁ?brdg'éﬁféﬁd?ar hBIlL‘iM%HQ%P&ngHHé $¥Ste éf the donor

steps of “dopi ng succeeds to the growth step, suc
sutzskr@t@Hth@m@ greate indperfirat &msmat@éalmmb&ttlemetmzone 4,

f d d h d
1 foRee PR A87 e RefBERl 1 AGmE sarted Aeaitdep such
thaﬂﬂiéﬂeﬁqﬁr{t@émbhfo‘z@h@ei islpefed Mese fiFSlUsubstie 5 and presents
photosensjtive |ayer 1 can present a PN junction,

SOM@j m%haaﬁal wegkngsgneompering Mt jthecethen. part , of the donor
squ jng on the requirenent. Referring to figure 6b, a
|rs electrode | ayer 8 is optionally fornmed on the

phREfeseng itd fiyerd 6d,ed hdldindsebstrete @Ctﬁo{/@}ééfar@ bSndERAB the
of a transparent conductive | ayer, such as I TO

dongsrsePsirate Wlo figure 6c, an inplanting st ep conS| sts in
PhRIA0R AT BB b S IREER AR R
theIpHo;todﬂiemg Oewcemléredel\ldj auth rastglasﬁ)et qadrez.5 an
o Betoss 500N, Sidpaer svestBIATSRRHBH M g SUbSTAI S can
o EORMGH STEng i rgﬁ.@ééaﬁ% bl ety
t h'Eh@ibbedlqgacan bé rehlzetbhpmalebslar @daesibh, which is mainly due
to hydrophily of the surfaces to be bonded.

Preparation of the surface(s) to be bonded can be optionally done for
improving the bonding energy between the holding substrate 6 and the donor
substrate Ill, such as for example an exposition to a plasma (of oxygen for
example), a cleaning, a brushing, ...

For further details of the technique of bonding that can be used, the book
“semiconductor wafer bonding science and technology” of Q-Y Tung and U.
Gosele (a Wiley Interscience publication, Johnson Wiley and Sons, Inc.) can‘be
read.

The bonding interface can be optionally strengthened by a thermal
treatment, at a low bonding temperature for instance 600°C-900°C for 1 hour. In

additioh, bonding could be assisted by a plasma activation.
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Referring to figure 6d, a holding substrate 6 is

provi ded and bonded to the donor substrate Ill. This
waabwiosgessubstrate 6 is made of a nmaterial traREpPABENL/000905

to photons that the photodetecting device wll

recei ve, such as glass or quartz. Before bonding, the

donor substrate Ill and/or the holding substrate 6 can

be polished or cleaning in order to reduce the

rugosity. The bondi ng can be realized by nol ecul ar

adRefaring tetigeine iGe, riae rirgt sulestrage Hy i degl ley bringing some

surfaces to be bonded. Preparation qf t f .
encit BE ThoRUBAN IR et SharIS) aretp o SFRRHGRRG! femator
parP8ffieitsesBatd et ween the hol ding substrate 6 and the

donor substrate |11, such as for exanple an exposition

t olbe pereyg pestvided gen ber farx inmiarge raeehanieringnergy and/or

br ushi n NPT 1 o) g i details of the techni que of
the%ﬂ%qﬁayH_épﬂz:eiﬁ'ﬁ)%oﬂé'é%,%glt he book "sem conduct or

wah efirdp OBIEb rREIGS | M esdwdtibnt ef hihel digst” sabstfat¥ Fuegnaako be

U Cosele (a Wley |Interscience gubl i cation, Johnson

provessad, amwhisdnihe forpation ahthseembrtiiement 20984t isglifferently done
i f i | b
thapr b JBREAER0 BEAR sBefles) (BR. FRSARRE bn ot Tt by

impbsraened béfore thddormatiaon afldhé iphotosensitiveglayen|1d (reéerring to
~assisted bl?( a plasma activation. Referring to figure
figuse 6ap Hbeffollawing §RRS ate 5 is reduced by bringing sone
energ 1 L.[d | ement zone 4 in order to create
Brichd Sup VRN

a det € ajor part of the first substrate

5. -Th@t@m? @y sirfaesdel at dsadte oher of tisé anoe wasianh calder to
energy and/or thermal energy or other kind of energy.

A firSicreaseinesuriacedpugBae®S:i on of the first
e B RS RTE rees " oone & 1o ot orent 1y
forfARRE thinhdysdidpliranisubsgtrateod, chepeasiges itesacé | bisibg ahedsaid
emi:rri]ttlfelmgeunrtezogg)d. but by
The fabrication of such a first substrate 5, also called “dismountable
substrate”, by controlling of the bonding energy, is described for example in the
FR 2,823,599 document, the principle being based on a reduction of the
bonding forces between the said two wafers bonded together, relative to an
optimél bonding.
Then the detaching of the major part of the first subtrate 5 is substantially
processed as above-described referring to figure 6d.
A second alternative of reduction of the first substrate 5 is the etch-back
technique (i.e. a chemical etching from the back of the first substrate 5).
Whatever techniques of reduction of the first substrate 5 used, after
having reduced the first substrate 5, a remaining part 5’ of the first substrate 5
stays (referring to figure 6e) and is removed by mainly finiton means as

polishing, selective etching, CMP, oxidation... in order to obtain a structure
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i mpl ementing, before the formation of the
phot osensitive layer 1 (referring to figure 6a), the

woabdsmss23g steps : - providing two wafers, - ePCHIBZOH000905
surface of at |east one of the two wafers, in order to
i ncrease the surface roughngss, - bonding the two

wafers; formng thus the said first substrate 5, the

rough interface being the said enbrittl enent zone 4.

hefabrlcatlon of such a first subairateS fso
corgppsed of dhgnRiAingb PEUGER s dhe" oPtRNaE dFANSPRreMdst elgmdrode

e the FR
ay g R M con e REEL 1Ps MAbu AR L "on &
r eReﬁarrmg tofﬂgune Ao rachi mgtldml rsesorb@telm&mdehlayea?dstfmned on
fers bo ther relative n optj maj
they, %*Pﬁ@“s' ﬂai/ e dé‘i"ﬁc?ﬁ%@ P'elCF{Qgﬁg‘FM?Pg gg'“@fn}%’@ of an
t Al processed as
ele&ﬂb’%\%gy gg@%‘#?h@ﬁ re Igf ﬁaﬁga{éoAlf h-gbgre 6d. A second
al Tee ndechwdqué ferduotming dhlst hgeddndst eleotrede affe & sbe an
I t he ﬁch back technique (i.e. a chem cal etching from
ee?tﬁ%plg W of the first substrate 5). \What ever

t eRBfErAHE %0 qrgurr@@wal SHtoRll whRr i Fs%rrﬁé@s’dgf gﬁg%io@ngiéeébcond

after having reduced the first substrate 5,
SUbsamm Ai ag Wiaeh azircyit layes X isfetmedibst r at e 5 st ays

1 The B sto 88 R HheRiebik I TE R & abbf Rl materia

sumsjbtlﬂk%aterlal ke BiHasr 4 Sompbsitd sa@bstrdte UShIrRHIRRIestance a
of the holding str ucture 6, the opti onal transparent

bUffﬁrl’%'tUC@Jr@ctrode I ayer 8, and the photosensitive |ayer

S¢sh f. t
op?ﬁotrrl%I Q%%cﬂéﬂ rsgd'g fﬁﬁber %Ie roﬁﬁgfrgur{?%%/g?@ such
thaph adeptran piaiti 22 lﬂdlydﬁ's the whole élecmﬂc&iomﬁdmﬁs bamar different

. bei n8 made of an el ectrl cal |y conductive materia
Pixalgch0@s amd, aripriphaeal ¢ ket fuaClHEiNG dhen elgciranis @@@@ﬁﬂents

deditREH G 4dBAshfy. AN

Techniques employed for manufacturing those components are
conventional ones, as for instance epitaxy, doping, depositing, electro plating...

The layout of the circuit layer 2 is chosen to process the electronic
charges coming from the photosensitive layer 1 (which will next overly the
circuit layer 2),‘ choosing thus in consequence a circuit configuration and a path
for the metallic tracks, inside the circuit layer 2.

For example, a CMOS circuit can be manufactured in each pixel 100.

A field isolation layer 3 is then formed on the circuit layer 2, this isolation
layer 3 comprising a peripheral part 31 of shielding for protecting the underlied
peripheral part 21 of the circuit layer 2, and a central part 32 which covers the
central part 21 of the circuit layer 2.

The shielding material chosen for the peripheral part 31 of the isolation
layer 3 may be all non transparent material at the considered wavelength, for

instance tungsten or nickel.
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el ectroplating. Referring to figure 6h, a second wafer

Il is fornmed by providing a second substrate 9, on
woehbashvse3ei rcuit layer 2 is formed. The secondPCT/IB2004/000905

substrate 9 is preferably made of a nonocrystalline

material such as bulk materig@l like Si, or a conposite

substrate conprising for instance a buffer structure.

On the second substrate 9, is formed an el ectronic

circuit layer 2, such that a central part 22 includes

thghmmaéeralmmml forctblﬂpeﬁetmlspaﬁ 3hef dhef isoktion layer 3 is

oSl e of AR MG L5 R 4 Sl Gl sRELNG -

TeTRY iguRSioR nay@n/@wn ﬂ’feﬁ@@@fri@:@ﬂv %bbgrété Qﬁ@ c‘Fr@Ui@‘Péy%‘?tszrom
are conventional ones, for instance epitaxy,

th%nmtﬂwn&u@@;l@wr ﬂ]dwhmhewdlmxt)uaderﬂﬁgthe isplagionadgyan3)of

ol Refhid o AL &% LwRRARE 310 iR HRERSui rsigg dhe second

substiets 9 ((ikbi the Wnblantiegt stepelr ythé heulsdtrgi 5 Hes®ibed) above,
choosi n thus in consequence a circuit confi guratl on
referingdogiiure ) innudaetariaate e sesend embrilernert zonec4i in the

exanple, a CMOS circuit can be
seqditursirafg. SXaD & pi xel 100. A field isol ation

| aReferfing stot figuref @iy el seoodhevater Huand ltley gitst2wafdrilsare then
[ cg}eati on | ayer 3 conprising a peripheral part 31 of
borgfﬁ | ding for protecting the underlied peripheral part

217RE 1hEniGhé Q#'bton'dggﬁse?d fcﬁv"tﬂnsast&"eg% fsfi\ln 1824d tr?éztf‘e’ﬂi?ﬁ@e of

covers the central 21 of th rcw | ayer
bonhing Lded gluniag estéarefetringeto figure Bhgapddesbebad abave) 31

e BRI ieaProyeRtisy ek 0 disthgh - Masor PAB1GL1Be second
suBs‘tH&%‘Qe"ﬂh@reﬁérgﬁﬁianTB@ nEdHRNI HRPSE Nardbr Hf@nfa‘?%we?éy, or

pa 32 of the“isolation layer 3 is preferab
otharkﬂnndlcéanar@y material, such as SiQ, Si3N, s| x Oy NZ

s e};la%- %'[b Hﬁeﬁf Q?qﬂ %w%f g{’gléérgr qupg heesnfoerl’c %t rreld%%{lorY of the first
substrate 5, can also be adapted to the reduction of the second substrate 9.

Referring to figure 6k and 6l, after having reduced the second substrate 9,
the remaining part 9’ of it is then removed by some technique of surface finition,
such as polishing, selective etching, CMP, oxidation, thermal anneals.

Referring to figure 6m, the photodetecting device is finally obtained by‘
forming via holes from the surface of the circuit layer 2 to the photosensitive
layer 1 (by technique of masks and etching through the non-masked surface of
the circuit layer 2) and by filling them with an electrical conductive layer, such as
Al, TiW, or another material, in order to create conductive vias 40 between the
input of some electronic components included in the central part 22 of the circuit
layer 2, and the photosensitive layer 1, forming thus the said first photodetecting

device (referring to figure 4).
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t he photosensitive layer 1 (which will next underly

the isolation layer 3). Referring to figure 6i,
wonmisaséa3ng step i s processed inside the secon#CT/IB2004/000905

substrate 9 (like the inplanting step in the substrate

5 descri bed above, referring7to figure 6¢) in order to

create a second enbrittlenent zone 4' in the second

substrate 9. Referring to figure 6j, the second wafer

I_are then

sy 4 HiTal 19 IR et 8r Spend Ieihors o8 menyfactying a
ph?f&%eté?cﬁi'ﬁg' GUACE (BOLHARSRS duid 3RS ERIAAERHIG 'dbvice

Igure 6 and d cribe bove). Sone en
refprring todipura 5c)rrd¢1ropmsenteaead1rdmgrtajtlme imventionf the second

ndHET NGRS o, PSSRV o] kb ggIshpstrate 5

(reﬁé?ﬂMQ‘tH‘?l@hré’ veg.rt WRIPUH 95 lal s D aFerers afﬁ’rét bfé%trode layer 7 is
reducti on first substrate 5, Can al so

forengsiperether @hqtheemetim taiyen 1drefetringstodignide Jbhst r at e 9.

Re ri.n o.figure 6 nd 61, after havj educed t he
ce Dl sttt G5ef  BBadter i Minal B B ghSiars GohtiSry to
theI fgdt sleonyes rbyelsemaeréﬁntgnthlﬂ@ueé ek ape §ér6'ﬁﬁs@"tnethod of
such as polishing, selective etching, CWVP, oxidation,

marwéaqtﬁrmeﬁﬁ@@ndm fRetherinverdiond figure 6m the

0 AVREE PG ot B, i PR U P 2HE8 having

fortrieel @bet@mem@rfén IV éndlgiag alhdlngt Kbizmiatsie, chrwﬁﬁéyér@and a
hi ng through the non-nmasked surface of the circuit

f'e'ﬂd%'?t'%‘ layay Bywith |t¢<rrrrngﬁeﬁvbrtaﬂh%try angcespegiively similar to
tho%%%%' Y& chiB%8 refetfi% t@ﬁ%ﬁg Con%% ire t her

teriral, 1n order to°cre ias 40
_betl'hean reﬂeerrmgrrbutﬂgnfresbemtml st noaliee Icisnpiveetiyt $onded to the

i nc uded P t&e central rt 22 of .the crrcurt | ayer
SeGONCHg quLcrr BOdKE RSt rﬁf&mansrrg)ﬁm@ssrmam@wt layer
[ Ik t ti f t gur
2, ' floll, IhattiiP 1806t B8 10 RGP ASE AELkde | Rk O End a
photarehsitivellayeg 1a phot odet ecting device (for obtaining

thﬁ rséahgtrge%p%q pc%% rg(rjlyatcge ‘iﬁé ns(‘ilaiéJI efi\retcgnethod of manufacturing a
photodetecting device, this second method does not comprise steps of
providing and bonding a transparent holding substrate 6 previously to the
bonding between the first and second wafers |11 (referring to figure 6d).

After having reduced the first substrate 5 (with the same technique as
above described referring to figure 6¢ and figure 6d or, with one of the said
alternative techniques as above-described for the said first method of
manufacturing a photodetecting device), and having removed the remaining
part 5' of the first substrate 5, via holes 40 are formed from the surface of the
photosensitive layer 1 to inputs of some electronic components of the central
part 22 of the photosensitive layer 2, passing through the optional first electrode
layer 7 and the isolation layer 3 (with techniques similar to those used referring

to figure 6m).



referring to figure 5), is proposed according to the
i nvention. After having forned the photosensitive
woOaywrosd2zand a first substrate 5 (referring toPETABI0E4/000905
7a) in order to forma first wafer I, a first
el ectrode layer 7 is formedi®n the photosensitive
layer 1 (referring to figure 7b). This first el ectrode
| ayer 7 being non-transparent to photons (contrary to
the first eI ctrqode | ayer 8 referrln to f 6b of
hERedeiriagr B igur ?h@d‘ aptional pesent %g} 'stfermed on
I [
thel AR ol SY AN Rhver & ”Whaﬁﬁ%%ﬁhémf%ﬁﬁgﬁﬁ“ﬁﬁec‘éﬁﬂsﬁm%?ﬁ 7o,
SO trhatia‘uctdeaﬂiiamraohtbieophtgosmhsbezueesl@ed aacicraasit. | ayer 2
a f| n layer 3 t.echni
S uLB AT sPegrEideplin sBYEb e ting oot i en formed.
above described referring to figure 6¢c and figure 6h).
Then, referring to figure 7e, the first wafer | is
directly bonded to the second wafer Il for obtaining a
structure conprising successively a circuit |layer 2, a
field isolation layer 3, an optional first el ectrode
| ayer 7 and a photosensitive layer 1. It is noticed
that, contrary to the said first nmethod of
manuf acturing a photodetecting device, this second
nmet hod does not conprise steps of providing and
bondi ng a transparent hol ding substrate 6 previously
to the bonding between the first and second wafers
[ -1l (referring to figure 6d). After having reduced
the first substrate 5 (with the sanme techni que as
above described referring to figure 6¢ and figure 6d
or, wwth one of the said alternative techniques as
above-described for the said first method of
manuf acturi ng a phot odetecting device), and having
renoved the remaining part 5 of the first substrate
5, via holes 40 are forned fromthe surface of the
phot osensitive layer 1 to inputs of sonme electronic
conmponents of the central part 22 of the
phot osensitive |ayer 2, passing through the optiona
first electrode
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30

| ayer 7 and the isolation layer 3 (wth techni ques
simlar to those used referring to figure

woempesReéBsring to figure 7h, an optional secon#CT/IB2004/000905

4.

el ectrode layer 8 is fornmed on the photosensitive
layer 1, with a transparentjgconductive material such
as I TO so that at |east a part of the photons to be
received can cross it. The said second detecting
device (referring to figqure 5) is then

f or med. REVENDI CATI ONS E&WMQEQA.MEaCt uring a
phot odet ecti ng device, characterized in that it
conprises the following steps : (a) providing a first
wafer (1) conprising a photosensitive |layer (1) nade
of a material chosen from sem conductor nmaterjals,

- a M@@@ﬁ&fvwﬁﬁﬁfaﬁqr)”gc%rPﬁ\Oit%q'Q’f@C@’Q:Fj%'GPt Chwﬁeﬂ(zgi R fhat it

H&) enS| %ﬂc{vﬁﬁggté(‘pgrponents one of the

and the circuit layer (2)
be| ng(ajq:)remelmgoya first ivedfdr i (Botenprsingag gphdt@3ensiify® layer (1)
bondi ng first waf d the secqnd wafer
so as L aAge e bleA Lﬁ@s}@aﬁ?%w@w@a etok yiepblanand a
circuit i ;
the. phot Seenai s (DARrmbEyfo = Ghti et @) Shollding¥ectronic
el ect ri cainhgorsmmisiucnd \of thieaplidiosessitivs layere{lgcand tae Igjrcuit

h it | . f
e B A A
Met hogh dm’qu'ﬂ'%cﬁr‘slf WBfbra| )Y @@eé&%hdﬂﬂa@?(/ll)% as to form a

accor d| n he previous ‘claim characterized in th
step (b)s wtqfeu e@BPHSingG| suenessivaelihde eircuis. layen (R tbe field

rovi ondSaplth i BR G CARL A alitoREtiffe BSERI D) 10 1N
conpr (éééférmm@t ledthealyolcondlistiveadiigs (40), s ta@el‘t(m:\lalectncally
treat nent, | east one of the materials whic

constit Lﬁ%@ephﬂw phpigspaeitive ilayerzdndo (Iepu%@fn@omﬁcﬁﬁ@eiromc
for i or Qv e@%éd?&o{i’%%&%n%%} (tzl)n s thermal treatnent

IS process

2. Method of manufacturing a photodetecting device according to the
previous claim, characterized in that step (b) comprises a molecular

adhesiqn.

3. Method of manufacturing a photodetecting device according to the
previous claim, characterized in that step (b) comprises, after the molecular
adhesion, a thermal treatment, at least one of the materials which
constitutes the field isolation zone (3) being chosen for improving the

bonding when this thermal treatment is processed.

Method of manufacturing a photodetecting device according to one of the
previous claims, characterized in that the material chosen for the field

isolation zone (3) is a dielectric, such as SiO;, SizN4 or SiyOyNs.
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Met hod of manufacturing a photodetecting device
according to one of the previous clains, characterized

wonodshaé2ds he nat eri al chosen for the field i sobPariigzvo4/000905

zone (3) is a dielectric, such as Siq 2, SisN4 or
Si xOyNz. Met hod of nanufactgblng a photodetectlng
device according to one of the previous clains,
characterized in that it further conprises, bef ore
step (a), a formation of the first wafer (1)

. chzihoduo’ignarmm‘abtnIrilngva phowdepacting-déviceraagonding to one of the

DR camseraeiecizeh g T b ier i o bR e (2.
sy hatien 651h&ﬁrsﬁwae?"(9%n%ﬁsm@ﬂﬁi folbwirfstepas

quartz or glass, fromthe photoreceptlve side of the
$h fn:msagskhe; phetdsa;zeuhv@ iByer (1) eradirshephstrate ()st
strate

(5) ;.the said fir
PilGicn e Reblsserstanapyey L) by a(%'?ﬂgedsmrate (6) of
hokl‘%hgga@m%él@ﬂ% (Kich ABt zof)r 6chIrlﬂu'r’ch@gpi'?btorecep’uve
hot odet ecti ng devi ce accordi ng t t e previous claim
chaltm:d)fethemtd)tmsertsita[elayerf(dl)ther conprises : - before
step of bo dln gh hol di ng substrate (6), a
Tof pViHg t ?fkﬁ ra trode |ayer (8) nmde of a

%%?a ﬁﬁ&@f @”trﬁ@' carRhigg ‘tN@E)HBfo%(ehéﬂtlveW(@fand the

sensitive | ayer - after step of
r@mhimglgubhteaﬂel(&t substrate (5) a formation of a
second el ectrode | ayer (7) nmade of an electrical
conductive material on the first substrate (5); the

q‘ U t hiedtoBetsRtihg| agvtee atzbdsrsﬂingart@ the
the second el ectrode 1ayers (8, 7). Mthod of

mpneiads malmgcbar@ntﬁrtz@dtlreeﬂmatntgﬂm@er@@rm@@s@n ng to one

O RSP RSO b B S S B4 Pl of =

(a), & BlcRfobiBgafar (B)Chiaelel bf laakahsfatenp Rldcts6H odtshductive
material, such as ITO, on the photosensitive layer (1);

— after step of removing the first substrate (5), a formation of a second

electrode layer (7) made of an electrical conductive material on the
first substrate (5);

the said first wafer (1) further comprisihg the first and the second electrode

layers (8, 7).

Method of manufacturing a photodetecting device according to one of the
two preceding claims, characterized in that it further comprises the
following steps :
— before step (a), forming the said circuit layer (2) on a second
substrate (9), forming thus at least a part of the said second
wafer (l1);

— after step (b), removing the said second substrate (9).
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substrate (9), formng thus at |least a part of the
said second wafer (11); - after step (b), renoving the

weald/sesond substrate (9). Method of manuf act uPCIEB04/000905

10.

11.

phot odet ecti ng devi ce according to one of the three
previous clains, characterpzed in that the via holes
are formed during step (c) through the surface of the
circuit layer (2), frominputs of sone electronic
conponents of the circuit layer (2) to the

phot osensitive layer (1)- Method of nanufacturing a

A R T

stigee previodefoMimss tRaractrizeddn rth@ightehﬁa hbk@smﬁsrmed' guring
Ia er on a first substrate form ng thus

(1
(@) @ugl@ﬁh@ iserfage &ffthesqqu»a&fl@yer( (3); ftonam@rt%qfeipme

R M Ny e e

pr(e)u ous claim characterized in that it further
conprises : before step (b), a fornmation of a first
el ectrode |l ayer (7) made of an el ectrical conductive

gﬁh&h'ba' op%érﬂﬁ QU Q%&gﬁtéd&ebwrde(v@e acc@dh é{?tcgr% of

renoving t Sstrate a formatio
setzimg tted! cratactedyed in Blat itebenprises thedolbpeingrsteps :

|
oot blbra SIaRv | TyEing o Phoiasensitivg Imer (L9na T Substrate
furt ,rfgagm@ ’(I'ﬁls'%bttg%g(f‘ %%r%bf HWsAiBGirsaRARA (1§) ectrode

| aye manuf acturing a

phot aftatstep i(b)y réeoving the diostdiubgtrate ()e of the two
previous clains, characterized in that the via hol es
are formed during step (c) through the surface of the

f O
PRALABANSF | ;&af&nn%t ﬂoaetac;.?@ [ gRoiER (e.;.,ifces,towg% the

conponent’s o e cir ayer
ngmeviaas claimg cbammt&rmdaeltlectlnatngfwmw cemguisesdi ng t o one

2{ gél%grle:%@i a@ gljggrg@’gqré%?arﬁrstt eerlelc Foocliel Elyep?%) made of an

electrical conductive material on the photosensitive layer (1);

— after step of removing the first substrate (5), a formation of a second
electrode layer (8) made of a transparent electrical conductive
material, such as ITO, on the photosensitive layer (1);

the said first wafer (I) further comprising the first and the second electrode

layers (7, 8).

Method of manufacturing a photodetecting device according to one of the
two previous claims, characterized in that the via holes are formed during
step (c) through the surface of the photosensitive layer (2) to inputs of

some electronic components of the circuit layer (1).
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realized by at | east one of the follow ng techniques :
chem cal etching, selective chem cal etching, grinding

woO 2pislosess ng, CVP. Met hod of manufacturing a PCT/IB2004/000905
phot odet ecti ng devi ce according to one of the clains
5, 7 and 9, characterized i22 that the step of renoving
substrate conprises an energy input for detaching the
said substrate (5, 9) over an enbrittlenent zone (4,

2.3 BT MRl it APhOtRIP ol BEVCRRaIOWding 1 one of the
Clegdaied ﬁgﬁéhd becﬁér%\étéﬂi%d%arhm tr@élreﬁ%ﬁén?&ﬁng ubBRhte is

it further conprises a formati on of
en‘eahz&d é)lyeaft laasnh@n(emf e followtihg tsainiquebst chemicab etching,

ant at on, of atom c speci.es, h as hydrogen
i R e e B e
phot odet ecti ng devi ce according to claim 13,
characterized in that it further conprises a fornmation
13-ofM©1lﬁ@ds@° masriaaturingawmhotedaiecting davipe mecprding to one of the

ot B2 7ehERY otiorBbBratd T it M S GrdebiVingasubstate
t jonthrived amenbeyy ipunddredstaching @he &aid @ub@t@ét@agye o B@er an

surface roughness; bonding the third and the fourth
b%ttlatnem%éon@lﬁ@m $ previqus(sformesririthg saiflisuhdieate £5.9).

substrate (5, 9), the rough interface being the said

enbrittlement zone (4, 4'). Method of manufacturing a

14. phdeihaet eft nremudiastudieg ag cpheiodetdatingn@efcet RRcbRIiRg to the
previ,ous fl ains, characterjzed in that it further

c(ﬂ«?ﬁYlP§§§ aims GhRrGierzed '§Hhﬁb't é@fﬁtﬁr&omm@%@ feraation of the
fhléraicf‘%ﬁlfrﬁtlemgn@ o4 04‘} %18%%53 gu ) Y, lﬁnplantatlon

ow ng techniqués rve c
palf iaddrnitgs peciss, smmh%thydnogemanmblr hehumal s. Met hod of
manuf acturi ng a phot odetecting device according to the
claim5 or 9, characterized in that the formation of

15. Emjﬁeﬁgg%ﬁ@ggugay@@é gﬁh&téﬁeﬁggﬁgggptgesécwewt% Blaim 13,
characterized in that it further comprises a formation of the said
embrittlement zone (4, 4°) by the following steps :

— providing a third and a fourth wafers;

— etching a surface of at least one of the third and the fourth wafers,
in order to increase the surface roughness;

— bonding the third and the fourth wafers at the rough surface(s),
forming thus the said substrate (5, 9), the rough interface being

the said embrittlement zone (4, 4°).

16. Method of manufacturing a photodetecting device according to one of the
three previous claims, characterized in that it further comprises a surface
finishing step of the detached surface (5’, 9’), employing at least one of the
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Met hod of manufacturing a photodetecting device

according to one of the previous clains, characterized
wonodashae23st further conprises, before step (a) PCIB2004/000905

formation of the field isolation |ayer (3) on the

phot osensitive layer (1) orson the circuit |ayer (2).

Met hod of manufacturing a photodetecting device

according to the previous claim characterized in that

the formation of the field isolation layer (3) .

cdafpwings teplnifeesat i selestiver ehemical ngtahingheollkingn CMP,

perJ: i.eld isolation |ayer (3) over a

d:c{)éé(?%ﬁ{}ngtt@é%ﬁ%&ﬁe thod of manufacturi ng a

phot odet ecti ng devi ce according to one of the previous

clainms, characterized in that the circuit |ayer (

2
17.c dipthoged’ maphiachiring,a shotadgiestiigfavi¢eagcording ﬁqqth%arpe\@im
LR G bl U 8 RSB (R BAoEREh IO Ry (1) on

| diperfirgtiSubstrates (5 commiaes\crestahgondh and dopirg.
transi stors by sone conductive via, formng thus a
plurality of photodetecting units (100) (so-called

18. giM:@'ih%H- o%%ﬁﬁ%cﬂfrir@ﬁ gfrﬁ»‘féd&é&%@@ﬁ% %‘%Bﬁﬂﬁ'? R one of the

evi ce according to previ ous clarm characterized
i previets tdimms, ebaramtérizedoindbatittisrtii@ogorbpripes ddeféreostep (a),

e RO 5 TR ORan R Sl AP B G Stve layer (1) o
PhsH préedirtit |Bgerd@Yi ce according to one of the previous

clains, conprising : - a circuit layer (2) conprising
el ectroni c conponents, - a photosensitive layer (1), -

a.fhiel i solati I r t nth hot osensiti ye

19.7 \effcft, \oT oM o | BhalbEREEhe Moy BRS RBEEG | 1 the
( $rpviohk chlaih eelidriaeBrizid Cianitee tthe e ripBab e S Npiet fislel isolation
| ayer G(&%) to inputs of sone el ectronic components of

t Hayey (S wompriggsrthe Fprmation of a shielding to photons in periphery of
the field isolation layer (3) over a determinate width.

20. Method of manufacturing a photodetecting device according to one of the
previous claims, characterized in that the circuit layer (2) comprises a
plurality of transistors (20), and in that the circuit layer (2) is patterned
such that, once step (c) is implemented, parts of the photosensitive layer
(1) are electrically connected to some transistors by some conductive via,

forming thus a plurality of photodetecting units (100) (so-called pixels).

21. Method of manufacturing a photodetecting device according to the
previous claim, characterized in that the electronic components (20) by

pixel (100) comprise CMOS component.



characterized in that the photosensitive |layer (1) is

made of a crystalline sem conductor material. The
wohoisosexssi t i ve devi ce according to the previ oBETEBRDNY00905

characterized in that the photosensitive layer (1) is

buried, a holding substratey(6) of a transparent

material to photons being |ocated on the

phot or ecei vi ng si de of the photosensitive layer (1).

22. Photodetecting device manufactured by a method of manufacturing a
photodetecting device according to one of the previous claims,
comprising :

- acircuit layer (2) comprising electronic components,
5 - a photosensitive layer (1),
- a field isolation layer (3) between the photosensitive layer (1) and
the circuit layer (2),
- conductive via (40) which electrically connect the photosensitive
layer (1) to inputs of some electronic components of the circuit
10 layer (2),
characterized in that the photosensitive layer (1) is made of a crystalline

semiconductor material.

23. The photosensitive device according to the previous claim, characterized
15 in that the photosensitive layer (1) is buried, a holding substrate (6) of a
transparent material to photons being located on the photoreceiving side

of the photosensitive layer (1).



