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p, G1 PHOTODETECTING DEVICE Field of the invention The invention
relates to a manufacturing of a photodetecting device, 5 comprising a
photosensitive part and an electronic circuit part, such as a CMOS image
sensor. Such a photodetecting device comprises a plurality of
photodetecting units, also called pixels, which are usually arranged in
rows and columns. Each of the photodetecting units comprises: 10 - a
photosensitive part, like a photodiode at its surface, able to convert the
received photons to gﬁgq@@grﬁ Al pdsasicone electronic part, like
a transistor, electrically connected to the photosensmve part, able to
process, once-having received a command "ON", the accumulated

Field YEalONeLhasees coming from the [after to other 15 components
ampliticatory, switch, ...) to readout means (for more details, see for

ihsantwerdian srefates1 {pse, oparidanneing. dne dhkéosielacting device
compRidy %ﬁ%é@ﬁsﬁﬁﬁ@%ﬂ%{dqlgﬁver tftéﬁ erLat heighkinirm

due 10 alight acquisition in para Ifferent tnits. 20 Bac grou
imagetersSiiention Several kinds of structural configuration of photodetecting

SRYIS BYBISRE FRROBR s clslosedos mme TR0 ARG

ument, afII‘St nown p OtO etecti eVICG orizo

units @iﬁﬂg@@aﬁdmix@!%a@hf@mmgﬁgm{aeaz:@ug@qdnp"m ook midiemnns. ilsach
of the ﬁ%%&@&lh SIfs %@? ﬁ)ssé-gusmve element and an electronic
éte g isol

€ ement separated by a ation layer.
- a photosensitive pari, like a photodiode, at its surface, able to convert the

received photons o an electronic signal;
~ at least one electronic part, like a transistor, electrically connected to the
photosensitive part, able {o process, once-having received a command
“ON”, the accumulated electronic charges coming from the latter to other
components (amplificatory, switch, ...) to readout means {for more
detalls, 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
fight information, due to a light acquisition in parallel over the different units.

Background of the invention

Several kinds of structural configuration of hhotodetecting 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 fransistor 20
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Figure la illustrates such a pixel 100, having a photodiode 10 (composed
here, for example, of a p-type layer | Oa and a n-type layer | Ob), able to
convert the received photons (hp) in electronic charges and, beside, a
transistor 20 2 (surrounded by a field isolation layer 30) able to receive
the electronic charges from the phdtodiode 10a. As shown on figure 1 b,
which represents a front view of the photoreceivor pixel surface 100, the
latter comprises a photosensitive part 10 and a non- 5 photosensitive part
(surramdeeibglly, fink dhokaiemsither J0rfagslsanr esepisc3id 868%naf Hearges
ntlr | surf g Consequently, the photosensing is not optimised,
from t% cD ea p§t ot thrlta8 photons arriving on the pixel are lost. 10 A solution

)mewhdwrtwwﬁgueetﬁé)swbldﬂ e aleeintnig ﬂaﬁtaﬂeﬁtﬁfih@photorecewor
turi as it own technical limi urther if th
pixel gp#%ronlé‘aégrt 1S dr[a Stiaffy PR f & g! Qﬁgrﬁﬁ F{hﬂ) ﬁ@fﬁ’)@%“
photoseolma\lmpam% configuration, will not be dedicated to photosensmg by
was p. sed to.add a lens over each |,for foc the .
e S e e e R B g, ontir
pixef sllsfaceed in the US 6,040,591 document. But this solutlon is not

esirable, dye tq,its h h, cost and to an efficienc t sufficient enough. A
ORIt SR BIOGRERS e Bl PRt SR dad 2 the

photoﬂh:anmmgl bdﬁheq:nfemlre Bsstllustrates this device which initially
BRI i palise (e Bekarn.a Bistheniovarc sy #

But such miniaturization has its own technical limits. Furthermore, even if
the electronic part is drasfically reduced in size, the surface of the pixel 100, in
such a horizontal configuration, will not be dedicated to photosensing by 100%.

it was proposed to add a lens over each pixel for focusing the entire light,

- arriving on the pixel, to the photosensifive element; as disclosed in the US

6,040,591 document.
- But this solution Is not desirable, due to its high cost and to an efﬁéiency
not sufficient enough.

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

Figure 2a illusirates 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 1o preserve the periphery 1b, and thus forming a ceniral opening 15. The
periphery 1a of the substrate then holds a thin structure comprising the top layer
ta 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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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 25 as to preserve the periphery 1b, and thus forming a
central opening 15. The periphery | a of the substrate then holds a thin
structure comprising the top layer {a 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 3 electronic signal

-aS$OCi W 0 ingl
eleot e SRR AR RIS PRI BIIC ARG NG it HoHAGA 20
mcludeépactheeiwmbymglwsmff kayersBrface of a pixel 100 and of the opposite

IR PRRCAES 1 AU B ACE | N U MARHSAL 0 o

Ing device as ran5|so
surfaqmmbeemmhg@mmm&mm@pbelt@ mﬁfacmsé &ppﬂﬂ@/&hﬁcﬁh&eﬂb’sﬁce
tgsen t n t todetectln
doost 8T8 e S aFa s e B B0 RO SR
transistdrsBtis aiwﬁmtﬂme;ubimta@tﬁtmlreuebs:a% thedattm\mmgotbdetebm@ to
100 /dﬁ ?CQP | co ﬁ%wation i.e. electronic part is buried under the

otosens |ve paO osen 0sed for instance in EP 1,256,984; EP

H:fmé\mﬂ TP mm&w&g mmemd@aommgmwce is high
cost a%ﬂo Ir%d teCQn%ds%véce Iﬁccfpté‘?ﬁt rrP aﬁﬂ Ir R i)ﬁﬂ*a% ?n%&%ﬂle etch-

AR Slectronic are ayer rSimed y crys gro
back nntanﬂgs.deposmon,...) This circuit layer 2 usually comprlses a circuit
J&en p":(’lrt 22|cé in Ehe transdse'%rsz aofeach celaé] é)el’l eraIe
par compr|3| OPe ctroni gomponen JedicXiedR adlregdsifg' e,

electronlep@npishburied under the photosensitive part, as disclosed for instance
inEP 1,256,984 ; EP 1,026,747; EP 964,570 ; US 5,084,747.

Figure 3 illustrates such photodetecting device which is fabricated from a
subsirate 9 from which an electronic circuit layer 2 is formed (by crystai growth,
doping, plating, deposition,...). This circuit layer 2 usually comprises a circuit
central part 22 including the transistors 20 of each pixel and a peripheral part 21
comprising electronic components dedicated to addressing (i.e. collecting the
signals from the pixels and sending 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 dllumination. The
isolation layer 3 comprises electrical conductor channels (not shown), so calied
“via hole”, so as o electrically link the photosensitive part to the electronic part.

A dopéd photosensitive layer 1 {for instance a PIN structure composed of a p-

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

isolation layer 3.

Due fo the non-crystallinity of the isclation 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.



signals from the pixels and sending them to readout means). The circuit

layer 2 20 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 .

INevesansmerphaUs tHKas camiePaman6pataphdicasnakicetmysmobilise
electrffY BRPREAR Dk AGUSUImEOBRSARAN Aifh2SP RABYREIR. 2Bt Hipped

ayer 1 b and a n-typé€ layer 1c) is formed on the isolation layer 3. Due to

chargesestion doysidhnitpesriensymtiotedors with shgsiad@aiachense
phﬁ’é"%%@?g'g’eﬁ RYSiblis BPRosEHie- éé’mé@t@@%‘%s%i?ﬁ’\%%dt&s is then

formed by deposition, and has an amorphous structure. 4 Now, an
lower fonopmensiaysrecaypissdomanyieh i fllows lamesisiapeyily this type of
devicElSaraisand holas dunipg i tHag g called "time of relaxation”. These

trapped charges slow down the reception and interfere with the next
detections. The average number of electrons generated by incoming

Sumz@t%ﬁq'@ thethilewer for non crystalline layers, from which it follows a

ower efficiency for this type of device and leads to a less sensible )
deréagerrannamuiion testRERRBrPInAR RIRRE I WEN HoR s GG Bivded a

methdd %?%EK%'&%@@@H&BH@@&Q@ degihed-pbmanefiaeiingat it comprises

photodetecting device, characterized in that it comprises the following .
the fallepdngaBinBsidid) PRrMdRgerc IS YRS IMBURING s85sIPiRvBmsters:

providirN Ao AdANR TBRde Al deraehrse fepmsspmirimdysiaiconductor
materials, forming a first electrode layer made of an electrical conductive

materalkelpAMiRg ARSI YR Pats HlRfIgErsal sndigiiye material on
the pROMBRERKIGR GEGEIt IS pHaGdeHE0 £186HERLE CRMAOBBRIBriEMJOENNREIt layer
Enciudfilr?lgdéisgtlz%%%ri]cl%%errrzggxgg?sg t(g? ggfr;[aing a field isolation layer covering the first
electrode layer or the circuit layer; (d) bonding the first wafer and the second wafer
so as to form a structure comprising successively the circuit layer, the field isolation
layer, the first electrode layer, and the photosensitive layer; (e) forming electrically
conductive via so as to electrically connect the photosensitive layer to inputs of some
electronic components of the circuit layer; and forming a second electrode layer
made of a transparent electrical conductive material, such as ITO, such that the

structure further comprises the second electrode layer on the photosensitive layer.



-electrode layer or the circuit layer; (d) bonding the first wafer and the

second wafer so as to form a structure comprising successively the circuit
layer, the field isolation layer, the first diectrode layer, and the

photosensitive layer; (e) forming electrically conductive via so as to

electrically connect the photosensitive layer to inputs of some electronic
components of the circuit layer; and forming a second electrode layer

M5Ee CLAJFAPRRRIRY SeEHCRERRCURIBAIRIRIS YRS TRt are the
that the structure further comprises the second electrode layer on the
pledREesRNRSIayer. 4a Other characteristics of the example
emhgdimantsA{ihedsveRiga R thaiHelRwing ones: - step (d) comprises

a molecular adhesion; - step (d) comprises, after the molecular adhesion,
athelfRaldcamprsemeafioiiiRMMRFHNaMReOheriIg IAheAtFoRRL the

materRRINhRIPLBALRIIBEreviNGdRe iQantig YD H@ﬁl?‘%ﬂﬂ@bﬁe@mﬁ%@vmg the

processed; 5 the material chosen for the fleld isolation zone is a

bo”d'ﬂ@@ﬁﬁ'ﬁb“ﬁﬁéh@iﬁ’%l@?amﬁ igrgpesared; a first embodiment of the
method further comprises, before step (a), a formation of the first wafer
comprising the following steps : forming the photosensitive layer on a first
substrate bonding the photosensitive layer with a holding substrate of a
transparent material, such as quartz or glass, from the photoreceptive
side of the photosensitive layer; 1 removing the first substrate ; 1 the said
first wafer thus comprising the photosensitive layer and the holding
substrate;



- the said first embodiment of the method further comprises : 4 before step
of forming the photosensitive layer, a formation of a first electrode layer
made of an electrical conductive material on the first substrate ; 'l 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

- RIS et e sl A elpniuAner amersg e R Atk

the second 2leCtrode layers; - th he me fGirther
SiO., Scbeme'eguﬁtaNallowmg steps : 'l before step (b), forming the said circuit

- yeﬂrr%) %888!?9 PR 3 oty Sdt"ﬁi{ﬁl’a%‘? chcl!ﬁ@% & Qud wafsle 1 QlE" (a), a

removmg e said secon sub rate; S firs
formaGMOﬂthmﬁtmwm&mmmmimmﬁhbidlmﬂmm&mrlng step (e) through

U6 HHASEE BINA S 0uT B S5Ing pughpauts of some electonic

compo nts e Circul Iay sensi ve layer; - a second
eh%mhmgehheophﬁwﬁeMeolapasemiﬁheafdmo{dmg mreﬁe beffareteaapparent

it t thys at
n]%ﬁ%'im@@c eqho 'B’F O”fPoﬂ{S& (ﬁt Riort té‘g{;\?e "Watof the

t a'part of the said first Waf ér step
photnseaeitiveelagetnd embodlment of the method further comprises :

\/Ws'ﬁ ik & forpaatign of a first electrode layer made of an electrical
con

uct e material on the photosensitive layer; after step of removing the
V fihet saistfiss wafiemihtisnconapsisiandhscptrotissasidiventakenaad the holding
sulbapsparent electrical conductive material, such as ITO, on the
photosensmve layer;
- the said first embodiment of the method further comprises :

vV before step of forming the 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 embodiment of the method further comprises the following steps :
v before step (b), forming the said circuit layer on a second substrate, forming
thus the said second wafer;
V after step (d), removing the said second substrate;
- during this first embodiment of the method, via holes are formed during step
{e) through the surface of the circuit layer, passing through inputs of some electronic
components of the circuit layer, to the photosensitive layer;

- a second embodiment of the method comprises the following steps :



the said first wafer further comprising the first and the second electrode
layers; during this second embodiment of the method, the via holes are
formed during step through the surface of the photosensitive layer to
inputs of some electronic componefts 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,golishing, CMP; -

Vtheferepstepetabintrineshareeipprrsitive Bvergonnrrs raksisatag forming
thus al{n%ggf'% Egﬁ%ﬁ%%\é% ﬁpsgmgffg;!ement zone previously formed in the

said substrate; - the second embodiment of the method further comprises

V alighsienndr iemexing dhafsbavbstalae in the said substrate by
- HRISBLYIRNPhBYNME SPECIRS FIdEAGPrIMIEPBmBRALY helium; - the

second embodiment of the method further comprises a formation of the

VshriosmpinReifer? JoraaiphetoroliiFigalrgiods Ryerimgdariidanegetrcal
W%g@gﬁﬁ&(&h@ﬁgﬁ@gﬁ@@@ﬁgﬁ@%@g of the third and the fourth

wafers, in order to increase the surface roughness; 7 4 bonding the third

V aafteinatesurh wETEKNS: the fBshsusEREsH fommatome desarnd electrode
SMF%&B%PHQMH&?&%&%E&&%I%@U&UE'W@H&F?%&F% ITO, on

second embodiment of the method further comprises a surface finishing
stBp RirqkRs BRI YEface, employing at least one of the following

teplNn E&Gsﬁﬁﬁ%ﬂ‘?@( Cﬁ#fﬁiﬁalc%‘i%ﬂgi’r@? _Hﬁ'éi NGsE Mg %i_é‘ abigRo HaeEsdtrode
anneals; - the formation of the photosensitive layer on the first substrate
c!ﬁﬁ%?%es crystal growth and doping; - the second embodiment of the

- r9ethepithisteecsRABRERIIRRIRIDBIAR. Method, the via holes are formed during
step through the surface of the photosensitive layer to inputs of 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 second embodinﬁent of 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 second embodiment of the method further comprises a formation of the said
embrittiement 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;



formation of the isolation layer on the photosensitive layer or on the circuit
layer; - the formation of the field isolation layer comprises the formation of
a shielding to photons in periphery of the field isolation layer over a

etermin g,clreui ompr luralit ftr rs,
VR e B R R B U T 8 ing s
iriel evaieinted sprates Uiehe@otomﬁsaa/bémrtherea@embaﬂjemmmm
- i SOMEI BRSSO O soma coneine e ey & AlE Bhing s
hoeto%e ectng-uni §s8 cafte plxe & elactronic components g step
of thepnd&dtaohmhsmﬁ?M@Smmpgm@ntalnIaasbrdaacaﬂviﬁthea@lwndgaﬁpebmfues ;

selectils reseurc‘;ta ”"g% F'r?grr“ gttc'% ik hsﬁ%@i(&%e xud%?%hoqﬁte?aﬁ %V'Effﬁéwc o as

manuracture AnUrACtiing a photo ectlng
- theeﬁrrntﬁebmbamaqmmﬁdsmhmmmpbomdétmﬁrg debiskkatemprigases crystal
growtﬁucccf |ve . a circuit layer comprising electronic components; a field
5OIATioN Tay ’r; a first electrode layer made of an electrical conductive
- tirmtsem;m:l paotbedinsitivie dhytvemprdtafch fuytitatiimoswriaemdbefore step, a

formaflS3h 2 SR ISR oS Ry Blader o ASPRIEN HISCIER ayer.

con ctive ma erlal h'as er comprises
- theofatmahienvid tiei fleldl dvatintitly taymemmwipaetmmmmy@rf @ $hirlting to

t
ohotof TSR BRI e e L Y b AR,
- th@kmtosﬁdewedamrlsawaeﬂumhﬁyl@ﬁgmstmm ehd indhgpthertircuit layer is

t
patter e S e R B O R ensitve tayer
are eiehmaatkyrmmepmmegmmmmgdsy(mn@el@mdm@ﬂ\wmﬂ@,pﬁ@éﬁhn@ thus a

plurallffEP PSRl AR GHRIQALL M A&, illustrated by the

- the electronic components by pixel comprise CMOS component.

In accordance with a second aspect of the present invention, there is provided a
photodetecting device manufactured by a method of manufacturing a photodetecting
device as described, characterized in that the photodetecting device comprises
successively: a circuit layer comprising electronic components; a field isolation layer;
a first electrode layer made of an electrical conductive material; a photosensitive
layer made of a crystalline semiconductor material; a second electrode layer made of
a transparent e!ectrioai conductive material, such as ITO; and in that it further
comprises conductive via which electrically connect the photosensitive layer to inputs

of some electronic components of the circuit layer.
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following drawings : 10 Figure la is a schematic cross-sectional view of a
photodetecting device according to a first prior art. Figure 1 b is a
schematic front view of the surface, of the photodetecting device
according to the first prior art, which detects photons. Figure 2a is a
schematic cross-sectional view of agphotodetecting device 15 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 aff, which detects, the tons and the opposite surface.
Figure 3% Baé-gﬁé/héﬁ %F%%ie.@%t& aﬁ.\ﬁeﬁ\%q R ??gfg#gfég?ﬁ fUGgecould
be (RAtatserdingitqphdhikbpstivartdviguris 4badest;hemptidimgsssestiatal of a
view of a first detecting,device, according, to the invention. Figure 5is a
transBEtE AT SO ORI 000 f R Ca T HBROLRGe T8 c of the
phot@asesiting taybe invention. 25 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
Brief dhagtHagiunrg tHredsagmmgsphotodetecting device according to the

invention, 30 Detailed description of the invention, 9 A first object of the .
B OB RSP S5 Gho oA it T Ry BH i, wi
appespnigurlionexomprsiog apsaiptensityeirycnratipal Nesysiiinedy the

foll se [lq%ond,uctor' material. A second object of the invention is to process a
ollowing B8 8Snufacturing

Figure 1a is a schematic cross-sectional view of a photodetecting device

according to a first prior art. ,
Figure 1b is a schematic front view of the surface, of the photodetecting
device according fo the first prior art, which detects photons.
Figure 2a is a schematic cross-sectional view of a photodetecting dev{be
according to a second prior art.
' Figure 2b and 2Zc are respectively schematic front views of the surface of h
the photodectecting device according fo 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 1o 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 mathod 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 devide according to the invention.

Detailed description of the invention,
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5 such photodetecting device so that the photosensing surface is 100%
dedicated or closed to 100% dedicated to the photosensing. Figure 4 and
Figure 5 respectively show a first and a second photodetecting device
according to the invention, comprising: . - a photosensitive layer 1 ; 10 -
an electronic circuit layer 2 ; - a fielfl isolation layer 3 separating the
photosensitive layer 1 and the circuit layer 2. Preferably, the
‘photosensitive layer 1 is made of monocrystalline semiconductor

materisy, dkpdl of 1S invORRAT R th¥ %éh\tﬂaﬂ!{g}‘ﬁrlglﬁﬁé %todeteclting

photosensitive layer 1 acts as a photodiode, it has at [east one electrica

devicghang arerirat comipHEEoR SR RIEREN & NiSssengilive dawpsrmade of
3 cw%@ﬁ?é‘@éﬁ%e?%ﬂ?&ﬁ%ﬁﬁ%?@ﬁs in the thickness of the photosensitive

layer 1. The photosensitive layer | can then be a PN-type junction, a
Pgﬁwqmm%mlw%éﬁéﬁ,mmwpéngﬂm@ﬁaf@wﬂq@@y@g
such BhittReHaBEAY Heoide st dRaitaIe AbRIM SORVEIHIERLIIRB G5 ¥Rk ated
photons to eléctronic charges, the photosensitive layer | is preferably
or clogggeied QR drdnatadiy BedthwiesapsiBIespectively 8 and 7, for

DRt Onsreledad By Bsinaaod P dRBNh JOmER i SIde Sbilid
photosensitive layer 1, has to be transparent to permit at least part of the
photodsigrbing deyisr sesordinptiut e ipvantian e eptaer§iRg photosensitive

layer.] . ig electrode layer 8 can be for instance made of
e

ITO in he ‘other electrode layer 7 can be of any
etectainatleshdunit virouitaial Zuch as aluminium orTiW. 10

- a field isolation layer 3 separating the photosensitive layer 1 and the
circuit layer 2. ,

Preferably, the photosehsitive layer 1 is made of monocrystalline
semiconductor material, like 8i, SiyGe4.x or some llI-V or [1-VI alloys.

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

The photosensitive layer 1 can then be a PN-type junction, a PP™-iype
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 fo
electronic charges, the photosensitive layer 1 is preferably covered and
underiied 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 fo be wransparent to permit at least part of the
photons 1o 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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The circuit layer 2 includes the whole electronic components that receive,
and optionally amplify, switch and command electronical charges coming
from the photosensitive layer 1. This circuit layer 2 has preferably two
areas: 5 - a central zone 22 which includes electronic components of the
pixels 100, - a peripheral zone 21 Which includes the electronic
components dedicated to the addressing process of the different pixels
electronic components located in the central zone 22. 10 Each

pheéogiptentingsn 1999EPrRISARI IEHIFSTR R RIS SRAYNSve,

component 20 (illustrated in figures 4 and 5 as a transistor) and the part
and pina3horBRERNEGR RTINS dRe cBipslioniomcckaiwas easting from

the palseseRkitamBageeat 20. In- a pixel 100, the part of photosensitive layer |
\a}&d the at least electronic 15 component 20 are electronically linked by a

Rttt Ryey ke prssarghly twRei&shy conductive channel. The
via h9'%éx%arkeﬁé%%@ﬁ%%@é@@é&ﬁ%mwc%ﬁﬂ}%nﬁoeﬁkﬁgtﬁxess

materials. This via hole 40 allows to link the photosensitive layer 1
inputmhe 20 at least electronic component 20 (illustrated in the figures

4.,,anqﬂ5 iheasgpr f atr iStor . field isolation layer 3
se parat@ﬁ‘f hotogssenngsi{%*eal\gﬁaﬁrw f}%%?lu'ﬁ%éeci?f&%it %%/%trr %ﬁgng omponents

com@igsicatadidpthmiasidiassing Prossisdirytim oiie fantidels tlectronic
protesyop 1A PRIEREIR AR hel U AT aver 2 and he 25

included addressing components) from the outsSide illumination. Material

Erestepiotashasaiigomayibe 0 rion pirelpartil navenplistthat least one
electrSARSIASHESOWBNE S G lustrated in figures 4 and 5 as a transistor) and the

part of the photosensitive layer 1 which is directly above the said at least
electronic component 20.

- In a pixel 100, the part of photosensitive layer 1 and the at least electronic
component 20 are electronically linked by a via hole 40, a via hole 40 being an
elecirically conductive channel.

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

This via hole 40 allows fo link the photosensitive layer 1 to the input of the
at least electronic component 20 (ilustrated 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 chosen
for shielding may be all non transparent material at the considered wavelength,
for instance tungsten or nickel.
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for instance tungsten or nickel. 11 The central zone 32 of the isolation
layer 3 electrically separates the circuit layer 2 from the photosensitive
layer 1, except for the via holes 40 which passes through. The central
zone 32 can be of a dielectric material, such as Si02, Si3N4, 5 SiXOyNV.
Further to the three preceding layers (i.e. photosensitive layer 1, circuit
layer 2 and isolation layer 3), the photodetecting device preferably
comprises a holding substrate which mechanically stiffens the whole

dRacechighre,Ambons BiiiREPRIGABICGHNR ASVIERBREUMNGdNNRes the

invention, 10 wherein the holding substrate 6 is located onthe side of the

- circuiblpyes@rispivethayebatosensiitirily el praeri! tordhenvindioles 40 which

passé%h itive layer 1, this holding substrate 6 has to be made of a
transparent material to photons, as glass or quartz or any other material
trhfspardialtsane WaveReheh of tdpieetns materiet shisld @setithg SiaNa,

SixOqu.?,Vice is then illuminated "by the back". Furthermore, it allows electrical
contacts directly to the electronic components 20 of the uncovered circuit

Ryeher kg ife 5@%@@c@diagdlwﬁadbﬁecm@mﬁeﬁi@@dwag 1o gigsuit
layer DVRRIIRLINASY WP{H@ RURRIEALR S esaiad AR ibRbl OhiDfses a
_circuit layer 2. 20 The Holding substrates 9Tan be in"any material, like a
holdingeprbstiatr whiatatepahanicsilyrsiiéesedha pHittidaattiag device is then

e o R A L Rl o,
wheraip rihéo hgidiog raksizaie s is located on the side of the photosensitive
layer 1.

For allowing the photons to reach the photosensitive layer 1, this holding
substrate 6 has fo be made of a transparent material to phofons, as glass or
quartz or any other material transparent to the wavelength of interest.

This first photodetecting device is then illurninated “by the back”.

Furthermore, 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 fo the photodetecting device of the prior art
wherein the photosensitive layer 1 has fo be in an amorphous material because
of the non possibility of growing a crystalline material from a non crystalline

surface.
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25 can comprise a photosensitive layer | 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 | has to be in an
amorphous material because of theznon possibility of growing a
crystalline material from a non crystalline 30 surface. 12 The
photodetecting device according to the invention then improves the

el AbISe RO LE RIS BRIl B EPAINES o
semiconductor material does not comprise any charge-traps like  an
reliabiiifdorphousheatefiiaienny cofistichliptasen silvprdagat plobkrsnsoiséalline

: e le te [ ' tops.like in
AT R R e R N

amorsh@wﬁs@v@t@ﬂ@te@]df adrsemEnty dﬁ?&mﬁédﬂﬁﬁm' pledtieteseofirg low
avera%%{%ﬁ%%ﬁigigﬁ}&@ deLeSing %?}I’gﬁgﬁ‘?ﬁ? r@?gg%é'gwgei}baﬁ%]ﬁﬂ@gs

igure 6a, a first step comprises providing a s nductor
and thesnitieasisttiephmnoseasisidaaaiesirgrown, in order to make a donor

B o o S R B L e S SN RS
photodgteeingdevioe ttheesald fire phoindelsstiae devinapasingnatialfigure 4).
~nd 2 b e ) .
agap¥ﬁ§e§%tt=§e%a§§r%§§§ m%@ e(.;in ﬁrﬁ% %gééﬁqhﬁe iﬁ%u%s&rgt%ﬁé o
substraries Snenawtiichutier ¢ bodteenditivadayerydtasimravth litlopdastio make a

photosensitive layer 1 is then grown by any known epitaxial
donor?é‘qég%{%tegs@%uch as CVD techniques, as PECVD, MOCVD, LEPCVD...
The first substrate 5 is preferably a monocristalline substrate which can be

made of a bulk material (like Si or AsGa) or made of different sorts of materials
like a first substrate 5 comprising a bulk substrate Si and a buffer structure
(which confines plastic defaults and adapts the lattice parameter) in SiGe.

In any case, the first substrate 5 presents a iop surface preferably
monocrystalline with little plastic defauits.

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 crysta!finé photosensitive layer 1 like an anj_oifpho,us structures.

in order to create the electrical junction in the phétdéensiﬁire 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 andfor 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 juﬁction...., depending on the requirement.
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20 In a variant, the photosensitive layer 1 is formed by deposition in order
to make a non crystalline photosensitive layer 1 like an amorphous
structures. -in order to create the electrical junction in the photosensitive
layer 1, steps of doping succeeds to the growth step, such that the
photosensitive layer | comprises ajeast two levels of doped zones, a
doped zone having a doping 25 element with different concentration
and/or different nature from the other doped zones. Thus, the

PGS BURMETHi5%0 RISSENALILINLER.@ NVANORIN BEF, e

nction...., dépénding on the requirémen erring to
photofigmeitbls daysr elbetidie |ayectidaopayeanlly fasmotade tiid a fransparent

Condmﬂ}c?qggépiv&@ygg +Hhis electrode layer 8 is made of a transparent

conductive layer, such as ITO. Referring to figure 6¢, an implanting step

Befsigingn fienfigien § atamidntpipeiigs stiep hgonsigs imdfoplaelimg mosnic

Jthr [ St Il a create jn th
speol g B e e RO e B SR EEH A Foror
substestarbl spths tnairaeispiecibs firetchimdratachathatrthdidenbeitticaments.

edq] J st te. 5 and.presents. some mechanical

S AR ARG S My AR, S SR S e pruch
that tirefemipdttemaireBm a hdklilgaigsirath 6 Brptcatithsttzied Hamde grestres

d t is.holdi trate 6 is. made of a materia
some tr%%%r?tgtg %#ét%&%%#aﬁ@g §ﬁ§§o d’gt%ctiﬁ‘gedg%;ﬁgg Wi ﬁgc%ﬁvlg}%ugﬁnor
substrageylss or quartz. 15 Before bonding, the donor substrate 111 and/or the

AEIINE PG e s RO B IR RS W RPRAE hiFB558aI% the
donor substrate Hl.

This holding substrate 6 is made of a material transparent to photons that
the photodetecting device will receive, such as glass or quariz.

Before bonding, the donor substrate [l and/or the holding substrate 6 can
be polished or cleaning in order to reduce the rugosity.

The bonding can be realized by molecular adhesion, 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
“semiconductior 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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The bonding can be realized by molecular adhesion, 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 20 improving the bonding energy
between the holding substrate 6 and the donor substrate Ill, such as for
example an exposition to a plasmay (pf 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

=Y. Tun nd U. 25 Gosele (a e.nce ubli Johnson
g R R e A R (RIIRSAL B bBOIE Some
energgpmmhﬂmmmaed Iyne thetroadidrdatoreatzad alddachomhingf the major

t or.in ce 600C-900C for 1 hour. In addition, bonding
part Oée%% g% aé; plasma activation. 14 Referring to figure 6e, the

ﬁfatssmme Emre\rel@ammby tbsingindisstaneceneT@rhaticatnalnitiament/or

th I.nsaf]ne 41in ordec{to c% e a detachment of the major part of the first
er b%'?&%"?’ﬁ@%‘ Fb@?ﬁ%%"@éf ‘can be for instance mechanical energy

andﬁmst Sdtemzdihenarfyredettienkiofl tienBrgl. fAubestatberPatige oslso be

oo R ST R Ry oono
than Imlamp@mmlmmmt@@drlmﬁﬂ%@C)nblﬁigwe 6c), but by

oA IR A SRR L

figuresbefpdpofalidadsy ehepef:the two wafers, in order to

- providing two wafers,
- etching a surface of at least one of the two wafers, in order fo
increase the surface roughness
- bonding the two wafers; ,
forming thus the said first substrate 5, the rough interface being the said
embritiement zone 4.

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
opﬁm‘ai 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 alternaiive 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 & of the first substrate 5
stays (referring to figure 6e) and is removed by mainly finition means as
polishing, selective etching, CMP, oxidation... in order fo obtain a structure
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increase the surface roughness, - bonding the two wafers; 15 forming thus
the said first substrate 5, the rough interface being the said embrittlement
zone 4. 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 20 bonding forces between the said two
wafers bonded together, relative to an optimal bonding. Then the

deta the ma f f|r t subtrate subs an
comp AT IHRL LI, SRS e AR an R apaRaN s clesirade
layer 8f muhiubherphbiﬂmeémsitmﬂakﬂyateﬁs wstﬁiaﬁmhﬂbﬁgurﬁ%fechmque (i.e.a

hing from the b of t eflrst
t%e?ghmqu s{%f%rn UC'[I(% & tr(?églrgta GSSPAR g d?ft'earyﬁ ziﬁfa Eg gé:{don
the pﬂrﬁcﬁselrminsﬂsrd@éralreﬁimmmagqutéfaﬁrthdéwﬂm:bétrbmr@ stmde of an

rrin gure Ge? an |s mov g ainly finition means as
electr oqhe n?g} (gé? CtRE'e %ﬁ% |d W in order to obtain a structure

mecotaphmm trfemd’mhrrgmjrutttwe Sethedpticisatisadasparecafirsbe an
elect q ctrode layer 8, and the photosensitive layer 1, as shown in figure 6f.
r?et)]aerrlﬁg to figure 6g, an optional second electrode layer 7 is formed on

ﬂ%efphntgstmﬁgueelﬁeralséusmﬁ@mf@!elemrcﬁdmi@yjeby peinglingde sefcamd
rlca nductlve ater‘? #ch as, Al, TiIW. The technique for

SUbSt%fe mirg Pihid 'gco"ﬁc? 'r(fé'l:tt %@gﬂ electroplating. Referring to
Tihereeboadeamsirataforill sridenaddvomnptwyiding meecengtaline material

such as bulk material like Si, or a compaosite substrate comprising for instance a
buffer structure.

On the second substrate 9, is formed an electronic circuit layer 2, such
that a central part 22 includes the whole electronic components of the different
pixels 100, and a peripheral part 21 including the electronic components
dedicated fo the addressing. |

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 circuif 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 undertied
peripheral part 21 of the circuit layer 2, and a cenfral 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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substrate 9, on which a circuit layer 2 is formed. 10 The second substrate
9 is preferably made of a monocrystalline material such as bulk material
like Si, or a composite substrate comprising for instance a buffer
structure. On the second substrate 9, is formed an electronic circuit layer
2, such that a central part 22 inclugies the whole electronic components of
the different 15 pixels 100, and a peripheral part 21 including the
electronic components dedicated to the addressing. Techniques

I (0] I
By A i ee FANE w208 SRR B o

preferpblyintage ofig chelasirio priesss suchlestBith 2Bidiar§a®ddming from
RO ARSI yéﬁﬁewm (SicBsdi ey me% ﬁtm%ttc fu%g/é{ 2 from

choosing this in consequence a CII‘CUI'[ cohfiguration an

the Dh@é@éﬁﬁ&tﬁ‘éﬁéah‘@’de(m@@hwlt r@éwde@hfeﬁwnpmamma &)cuit can
h; | layer 3 is,thep formed
R R AR AR

on the circuit layer 2, this'is comprising

SUbSt@E%f%h(ékﬁnjﬁ@r m@@ttﬁ@mammrnba peristiests pardesaftthe ctooite,
referri'ﬁ%f(itj'&l)tzllﬁaﬁ% o ZH:#I%%F f¢ Yhish 0%55% SRBHAIAN ¢ 1%0%];;2% Jnthe

ing material chosen for the pefiphera
Secoﬂfﬁlé?ll&ﬁﬁﬁéﬁ Qayer 3 may be aII non transparent material at the considered

tlgmf Gﬁh he material hose
for the céntra gart he| oatlon ayer %hﬁ}re e-gra]ﬁrﬁftrr‘%“’ad gr gre ﬂten
bondeglelectric material, such as SiO2, Si3N4, SixOyNZ,... This isolation layer 3

WL RS AR A SRRRG G RS YER 3L AMilar fo the technique of
bonding used during step referring fo figure 6d (and described above).

Some energy is provided in order fo detach a major part of the second
substrate 9, this energy can be mechanical energy, and/or thermal energy, or
other kind of energy.

The above-mentioned fwo other alternatives for the reduction 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 phofosensitive
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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the photosensitive layer 1 (which will next underly the isolation layer 3). 5
Referring to figure 6i, implanting step is processed inside the second
substrate 9 (like the implanting step in the substrate 5 described above,
referring to figure 6¢) in order to create a second embrittlement zone 4' in
the second substrate 9. Referring 1@ figure 6j, the second wafer Il and the
first wafer | are then 10 bonded. The technique of bonding used for this
step is similar to the technique of bonding used during step referring to

figeferfiddans drprebet: ahoven, SPmeenioyisREYidsd ineRiciring a
detach_a major part of the second substrate 9, this energ‘y can

b
photgrigtaineatisNingy (icRAR ARl S8 SeIeEireRRRdRiPeiRagsievics
referﬁd‘ft@%@é@ﬂﬁ@fﬁ#@é@%@@@écﬁ‘@ﬁ:ﬁ@&&%fﬁf\ﬁ@ﬁﬁ&@luCtion of the first

u

substrate 5, can also be ada?éid to the reduction of the second substrate

PRERARASAGNR slbanaeloseR R ifRYRIddcadthe B retbstrate &
(referPRSHAIR AN P RRIRG RATLETOA HilstRITEPMQY GfP L RUNEIE TRNGUE is

of surface finition, 20 such as f)olishing, selective etching, CMP,

formegl piafien RRinsansiielayRetdifig B adarieie ) photodetecting

devicarstiigalbyebinipsdby fRingoriaBelesdran ehsiase gééh%ary to
circuit Iagéer 2 to the photosensitive layer | (by technique of masks and

the Tigyt PeGoFAYRY o iaEing Quriatisoometintat Rajdr Bishragljiod of
manufdRgiRgracvithanplackicateansiiptive layer, such as 25 Al, TRW, or

another material, in order to create conductive vias 40 between the input

nftaxiBer BRRiaptineo AlemiGHBRREIGS NIt d e firal pafen e brving
formd@¥eEecand mgfahgtmngm\geé%a#»gf%ﬁimg@g,t%ecﬁ%ﬁ'ﬁirﬂer 2 and a

_photodetecting_device (referring to figure 4). 1
field isolation layer 3 (with techniques substantially and respectively similar to
those above-described referring to figure 6¢ and figure 6h).

Then, referring to figure 7e, the first wafer | is directly bonded to the
second wafer Il for obtaining a structure comprising successively & circuit layer
2, a field isolation layer 3, an optional first electrode layer 7 and a
photosensitive tayer 1. '

It is noticed that, contrary to the said first method of manufacturing a
photodetecting device, this second method does not comprise steps of
providing and bonding a transparent holding substrate 6 previously fo the
bonding between the first and second wafers I-11 (referring to figure 6d).

After having reduced the first substrate 5 (with the same technique as
above described referring to figure 8¢ 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 &' 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 7a to 7h, a second method of manufacturing a
photodetecting device (for obtaining the said second photodetecting
device referring to figure 5), is proposed according to the invention. After
having formed the photosensitive layer 1 and a first substrate 5 5
(referring to figure 7a) in order to forén a first wafer I, a first electrode layer
7 is formed on the photosensitive layer | (referring to figure 7b). This first
electrode layer 7 being non-transparent to photons (contrary to the first

erestspdrdavenguieferinaiodigiieapR eidhe sdficlaneihed s formed on
manufacturing according to the mventli%l&. 10 After havmg implanting

the phelnressiMeadavend it adranshaiontifgndiaibe Suslaal (7O,
s0 thifchding: e pKHNer SHE SRR As A sy daveed @i @oligleisolation layer

3 (with techniques substantially and respectively similar to those
abovsRigseatiu Sriprtntdriice Getartng ipdianicfmds, haadanmes.
figure 7e, the first wafer I is directly bonded to the 15 second wafer Il for
obtaining a structure comprising successively a circuit layer 2, a field
isolation layer 3, an optional first electrode layer 7 and a photosensitive
layer 1. It is noticed that, contrary to the said first method of manufacturing
a photodetecting device, this second method does not comprise steps of
20 providing and bonding a transparent holding substrate 6 previously to
the bonding between the first and second wafers I-1l (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 25 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 30 to figure 6m). 18 Referring to figure 7h, an
optional second electrode layer 8 is f6#med on the photosensitive layer 1,
with a transparent conductive material such as ITO, so that at least a part
of the photons to be received can cross it. The said second detecting
device (referring to figure 5) is then formed. 519 CLAIMS 1. Method of
manufacturing a photodetecting device, characterized in that it comprises
the following steps (a) providing a firg§ g comprising the following
steps: providing a photosensitive layermade of a material chosen from
semiconductor materials, forming a first electrode layer made of an

electficalignsdstieariferinl R4 hoRRIORRAY R \RYE R RERVISLY A that

second wafer comprising a circuit layer including electronic components,

(& SOMARDES Hsd UBIRSHSISRS: ‘covering the first electrode layer or the

circuit Iapgmrshidipgdingsbadist wariend e Jerewhyaiepso as to form
a structure comprising successively the circuit layer, the field isolation
layer, the fiPSP¥IE oageﬁgﬁ}és,%t&% W@fomi\?’é pyBaterial chosen from

semiconductor materials,
forming a first electrode layer made of an electrical conductive

material on the photosensitive layer;

(b) providing a second wafer comprising a circuit layer including
electronic components,

(c) forming a field isolation layer covering the first electrode layer or
the circuit layer;

(d) bonding the first wafer and the second wafer so as to form a
structure comprising successively the circuit layer, the field isolation
fayer, the first electrode layer, and the photosensitive layer:

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

and forming a second electrode layer made of a transparent electrical
conductive material, such as ITO, such that the structure further comprises

the second electrode layer on the photosensitive layer.

2. Method of manufacturing a photodetecting device according to the

previous claim, characterized in that step (d) comprises a molecular adhesion.



(e) forming electrically conductive via so as to electrically connect the
photosensitive layer to inputs of some electronic components of the
circuit layer; and forming a second electrode layer made of a transparent
electrical conductive material, such as ITO, such that the structure further
comprises the second electrode lay@0don the photosensitive layer. 2.
Method of manufacturing a photodetecting device according to the
previous claim, characterized in that step (d) comprises a molecular
adhesion. 20 3. Method of manufacturing a photodetecting device

accopdindeibate Pravivugdaskinng harabeitdedeittitmtdeeisddacoongingeso the
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materials which constitutes the field isolation’zone being c osen
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rewogr)j claims, characterized in that the materlal chosen fort
Jsaiment EeeReseteh as Si02, SiaN4 or SiXOyNZ. 5. Method

of manufacturing a photodetecting device according to one of the
prev rlzed in that step (a) comprlses - forming the

harac
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made of an electrical conductlve material on the photosensitive layer;
5. Method of manufacturing a photodetecting device according to one of
the previous claims, characterized in that step (a) comprises:
— forming the photosensitive layer on a first substrate;
~ forming the second electrode layer on the photosensitive layer;
- bonding the second electrode layer with a holding substrate of a
transparent matetial, such as quartz or glass;
~ removing the first substrate;
- forming the first electrode layer made of an electrical conductive material
on the photosensitive layer;
the said first wafer thus comprising, additionally to the photosensitive layer

and to the first electrode layer, the second electrode layer and the holding
substrate.



the said first wafer thus comprising, additionally to the photosensitive layer
and to the first electrode layer, the second electrode layer and the holding
substrate. 21 6. Method of manufacturing a photodetecting device
according to the preceding claim, c qracterized in that it further comprises
the following steps: - before step (), forming the said circuit layer on a
secndvistibatratt niantfagtiing aa |phstedéectnthdedie seeepignarte; the
ﬂ@éeﬁé%@% iﬁ%@ﬁgﬁgtg}ﬁée' th jﬁﬁ? RY SR ofisMethgd Pbowing steps:
anufacturing a photodetecting device according to one of the two
previous clainhsfelearstererizd fomminghé giasaide Sigpaifolaviet @ariagsecond
step () through e sUraae RGNS HUSdeY 8 pHRDr RS R SAUBRA wafer;
electronic components of the Circuit layer to the photosensitive layer. 8.
Method of madftgastatid)a eRotsiadbsriaigesaeo RE SHRRHG® one of
claims 1 to 4, characterized in that it comprises the following steps : -
during step (a), forming the photosensitive layer on a first substrate,

fornfingMatheg: 68 saealiasiBingasahrindetRaing danigesass N A ongy of
the firsb presisate cRiletbrsrat@ansdastuiarenhatngriceiisdatmageduring

accordin%’éo the grevious claim, characterized in that it further com

550D ARL SRS AhE RHURRS AL R CUGHLIRET O RIS S LR P onic

seRAperRiagiretia dicsunasie oiqtiansaseaheléetiggeconductive
material, such as ITO, on the photosensitive layer. 10. Method of

manufacturing a photodetecting device according to one of the two
prevgoulietamasoChangtacizedinathatdhelvia ttolgderdcmmoedrdingnty one of

claims 1 to 4, characterized in that it comprises the following steps :
- = during step (a), forming the photosensitive layer on a first substrate,
forming thus at least a part of the said first wafer;

— after step (d), removing the first substrate.

9. Method of manufacturing a photodetecting device according to the

previous claim, characterized in that it further comprises,



step (e) through the surface of the photosensitive layer to inputs of some
electronic components of the circuit layer. 11. Method of manufacturing a
photodetecting device according to one of the claims 6 and 8,
characterized in that the step of renE%ving substrate is realized by at least
one of the following techniques: chémical etching, selective chemical
etchiftgr gtepofgempolistgribe dinPs uRstiatah tedomaatifaaiitimysaid second

pho&?&%ﬁ%&'f%ﬁ]\gﬁ t oaecg?gjif??lr‘lg%%?@n?fe BeRaAS A Baterial, such

charac e step o oving substrate comprises an energy
inplagdr Getiierhwcssosiiiaerover an embrittlement zone
previously formed in the said substrate. 13. Method of manufacturing a
photodetecting device according to the previous claim, characterized in

thatiPidatepd sihprasudacternaforimipietssiing ABMER AEsRIBIE v ane of
SRidmIPsHale Y dapRNglinaabalBih SRECIRS. HHDRS RvdrRgaRd during

and/or helium. 14. Method of manufacturing a photodetecting . device

steBrimdtruginiheoserarscRlitia RMHAPRTRIMR FR¥Rh JRsipyts of some
fersnaban: dothe sadteotbndlenaritizgae by the following steps: -

providing a third and a fourth wafers; 23 - etching a surface of at least

one of the third and the fourth wafers, in order to increase the surface

roughin&ksthobastdimantifadhirtharad ghettmlatbotinfedeeicthacouging to one of
rface(s rming, thus the said subsprate, the rough.i ce bej .
Rl oA S R s R St e

deniczedcoyrditgléeasinomns e theedqbiewvings islalimis|usisarabmicsd intehing,
R QMRS S ARW P Finding , polishing, CMP.

12.Method of manufacturing a photodetecting device according to one of
the claims 5, 6 and 8, characterized in that the step of removing substrate
comprises an energy input for detaching the said substrate over an
embrittlement zone previously formed in the said substrate.

13.Method of manufacturing a photodetecting device according to the
previous claim, characterized in that it further comprises a formation of the
said embrittlement zone in the said substrate by implantation of atomic

species, such as hydrogen and/or helium.

14, Method of manufacturing a photodetecting device according to claim
12, characterized in that it further comprises a formation of the said
embrittlement zone by the foilowing steps:

- providing a third and a fourth wafers;



finishing step of the detached surface, employing at least one of the
following techniques: selective chemical etching, polishing, CMP,
oxidation, thermal anneals. 16.Method of manufacturing a photodetecting
device according to the claim 5 or 8, characterized in that the formation of
the photosensitive layer on the first™Substrate comprises crystal growth
and doping. 17. Method of manufacturing a photodetecting device

according é?%ﬁﬂqe%gaf d%ﬂ?ffc!@‘éf’%ﬁ? ERUNSnEnGY %ée{ﬁgdéﬁé'}ﬁét%%nh wafers,

formation 0 Isolation layer according to s comprises the
formation of ardricidingeaghdtensuifapenpughypesshe field isolation layer

over 2 detgURIALe WM SaMehRd fl mRriagiyrne AeN8ledPEGHRgs),

device accor ingto one o the previous claims, ¢ aracterize _ e
circuit layeesomprites éf}ﬂm@imﬁwmiﬁ@ﬁsfw imtesaeschsiraithe said

layer is paigips@stiehibaheonce step (e) is implemented, parts of the
photosensitive layer are 24 electrically connected to some transistors by

some conductive via, forming thus a plurality of photodetecting units

(SO-¢8lIo g8k hBnligEI0GNG’ 818ATSGEIERIN RIRAHEEIEEIRHNECICENe of

according to the previous claim, characterized in that the electronic

B BUREREYIP P& EB SheEEIRTFS L Iibah dn it BRC PRITRISER fhgurface
dRvéeeng st fasitiedibiaahae hatheb manpfagiging Raphetnrsiasingliowing

evjce according to one, of the previous claims, .char ized in that E\le
RS IHER 5 S0 CORTBEb S Bg s U 8 ol g oF it e
etapralsic components; - a field isolation layer; - a first electrode layer
made of an electrical conductive material;

16.Method of manufacturing a photodetecting device according to the

claim 5 or 8, characterized in that the formation of the photosensitive layer on

the first substrate comprises crystal growth and doping.

17.Method of manufacturing a photodetecting device according to one of
the previous claims, characterized in that the formation of the field isolation
fayer according to step (c) comprises the formation of a shielding o photons

in periphery of the field isolation layer over a determinate width.

18. Method of manufacturing a photodetecting device according to one of
the previous claims, characterized in that the circuit layer comprises a plurality
of transistors, and in that the circuit layer is patterned such that, once step (e}

is implemented, parts of the photosensitive layer are



- a photosensitive layer made of a crystalline semiconductor material; -
second electrode layer made of a transparent electrical conductive
material, such as ITO; - and in that it further comprises conductive via
which electrically connect the phot%ﬁensitive layer to inputs of some
electronic components of the circuitTayer, 21.The photosensitive device
according to the previous claim, characterized in that the photosensitive

elet?tY%éH? RUHREcRAWNGRIPIHEGHE W"s‘%ﬂﬁ@%@ﬁ&ﬂ&ﬂ(@'ﬁ%&m}%‘ﬁms a
being located on the photoreceiving side of the photosensitive layer.
pluralzty of photodetectmg units (so-called pixels).

19. Method of manufacturing a photodetecting device according to the
previous claim, characterized in that the electronic components by pixel
comprise CMOS component.

20. Photodetecting device manufactured by a method of manufacturing a
photodetecting device according to one of the previous claims, characterized
in that the photodetecting device comprises' successively:

- a circuit layer comprising electronic components;

- afield isolation layer,;

- a first electrode layer made of an electrical conductive material;

- a photosensitive layer made of a crysialline semiconducior material;

- a second electrode layer made of a transparent electrical
conductive material, such as ITO;

- and in that it further comprises conductive via which electrically
connect the photosensitive layer 1{o inputs of some electronic
components of the circuit Iayger,

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



