WD 2010/ 0722781PCT/ EP2009/ 006845 Met hod of Fabricating a
Back-111um nated | mage Sensor The invention relates to a nmethod for

fabricati Rgy siRgpksi | | um nated i mage sensor. Such a mepEpflpdefonckfs
exanpl e, known from US 2006/ 0186560 Al, which discloses a typical

process flow for form ng back-illum nat ed i mage sensors. This process
flow conprises the followi ng steps: First of all, a starting
substrate is provided which can be either a silicon on insulator
substrate with a silicon top layer with a thickness of about 500 nm
or less or a bul KMethadohbDakricating pRack-Blunsinstachlfeage Pensofopi ng
step is carried out to highly dope (N+ or P+) the silicon |ayer over
a thickness of about 50 nmto 500 nm The surface of the starting
substrate is then prepared for a subsequent epitaxial growh step
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surface. In case of a silicon on insulator substrate, the renpved
material can al so incorporate the buried oxide (BOX) in the original
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backside of the original starting substrate, thus the side opposite to where the electronic
devices are provided, is then submitted to a Si material removal step, e.g. by grinding and
TMAH etching. Following the material removal, the bi-layer structure of the highly doped
and lowly doped silicon layer come closer to the backside surface. In case of a silicon on
insulator substrate, the removed material can also incorporate the buried oxide (BOX) in the
original SOI wafer, which can be removed by HF dip. Depending on the kind of sensor, the
BOX can, however, also remain. Eventually, in a subsequent step, further additional layers,



The follow ng problens can occur with the known nethods for

fabricating a backside illum nated i mage sensor, in particular with
the met ho%@gmb,?ﬁz-fsl rst prior art docugrent ment i oned apeYRr2006)R6845
process steps of doping of the silicon layer, i.e. the necessary

cl eaning and the subsequent epitaxial growh step can |ead to the
degradati on of physical and electrical properties of the buried

sem conductor layers resulting in lower mnority carrier lifetines

and i neuelmae anrantiteflatiiok lansraterare fahricatesk oner éhe biHayatisuffase tonolethin the final
dopant s |d1u{he buried sem conductor |ayers during the processing of
the el &% i c devi ces (e.g. the CMOS processing) dictates the need
for thicker - typically about 1 - 3 pmthicker than standard |ayers
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thus a desired activation quality and/or efficiency can be obtained

at | onestaftRGRBERIUME R i§ WP BhREL LidriyMgPthe Gliventibn td BrdvicRl 89 |rﬂbr|00@@ nie@hod
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anor phous Typical ly, the dopants, e.g. boron for p-type dopi ng or As

f or e doping, are introduced an ion i nplantation tec
however s SPiEEHs petlaYasHiD 3o reetaed GepRrefiGets Baim 1o AGCordingly. 1 Fiethod

comprises the steps of: a) providing a first substrate comprising a semiconductor layer, in
particular a silicon layer, b) forming electronic device structures over and/or in the
semiconductor layer, c) removing, at least partially, the first substrate, d) amorphization of at
least a part of the semiconductor layer and e) doping the semiconductor layer, in particular
the amorphized region.

By carrying out the doping step after having fabricated the electronic devices for the image
sensor, like CMOS or CCD components or pixel circuits, the invention enables a more
precisely defined doping profile in the semiconductor layer, and unwanted diffusion of
dopants is reduced as the doping step is moved towards the end of the fabrication process.



The anor phi zati on step can be preferably carried out before the
doping step. In this case channelling distortions of the dopant ions

can be prwﬂﬁ@gmﬁy doing so, a betted process contr opcERPRoPR06845
achieved, e.g. a nore uniform doping across the wafer. Neverthel ess,

accordi ng to a vari ant, the anorphization and the doping step can be
carried out at the sane tinme or the anorphization can also be carried
out after the doping. Preferably, the step of anorphization can
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devi ce using two ions beans, one for doping and one for anorphization
can be used. As dopants, one can e.g. use boron for a p-type dopant
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attaching, in particular by bonding, a second substrate to the

| evel ling |ayer. Instead of bonding, attaching can al so be achieved
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channelling distortions of the dopant ions can be prevented. By doing so, a better process

control can be achieved, e.g. a more uniform doping across the wafer.

Nevertheless, according to a variant, the amorphization and the doping step can be carried
out at the same time or the amorphization can also be carried out after the doping.

Preferably, the step of amorphization can comprise implanting ions of at least one of silicon,
germanium, argon or xenon into the semiconductor layer or a plasma treatment. This
represents an effective way of providing an amorphous layer. In case that amorphization
and doping are carried out at the same time, a device using two ions beams, one for doping
and one for amorphization can be used.

As dopants, one can e.g. use boron for a p-type dopant profile and phosphorus or arsenic
for a n-type dopant profile.

Advantageously, the method can further comprise a step f) after step b) and before step ¢)
of forming a levelling layer over the electronic device structures. With this layer, the
flexibility of the process can be enhanced, by levelling, e.g. accompanied by a planarization,
e.g. by CMP.



Advant ageously, the nethod can further conprise a step h) of
activating the dopants. Preferably, this step h) can be carried out
such that w@gnb,@—fmr ature of the regi oA conprising thepet/esiohOscsss
device structures is 450C or |ess. By doing so, the properties of

al ready formed el ectronic conponents, e.g. junctions, will e.g. be

| ess disturbed by diffusion. Additionally, the | ow tenperature dopant
activation process can prevent a degradation of netal interconnect
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sili condcgmngmwm alloy (SiGe alloy), a germanium on insulator wafer
(GeOl), a germaniumwafer (Ge) and a gallium arsenide (GaAs) wafer.

In the case that a sem conductor on insulator type substrate is used,
step c)Acandibg tcar varecht dager smcparticrdar, mhsegrlami amgestimp sambeuartiabthg2dusly
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interf afitieal is as follows: The melting temperature of amorphous Si is significantly lower than
that for the crystalline Si: 1420 K vs. 1690 K. For example, a KrF excimer laser (248 nm
wavelength, pulse duration of about 20 ns) with the pulse energy density of about 0.5-0.6
Jicm? can be used to melt amorphous Si layers with a thickness of up to 50-60 nm and
result high electrical activation of the dopants. The laser annealing of the amorphized layers
allows to reduce the effective processing temperature in the regions of already formed
electronic components compared to the prior art without amorphized layers.



Further preferred, step f) can conprise formng a dielectric |ayer,
in particular a TECS or nitride layer. Thus levelling and el ectrical
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can be followed by CMP planarization. Advantageously, the second

substrate can be one of a silicon wafer, a poly-Si substrate, a gl ass
substrate and a quartz substrate. Actually, the main role of the
second substrate is to provide the desired stability to the
structure. Therefore, any kind of substrate which is readily
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achi eved by using a patterned mask. This feature inproves the
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figures: Figure lillustrates one enbodi mrent of the nmethod of making a
back-illum nated i nage sensor, and

Preferably, the first substrate can be one of a silicon wafer, a silicon on insulator wafer, a

silicon germanium on insulator wafer (SiGeOl), a silicon germanium alloy (SiGe alloy), a
germanium on insulator wafer (GeOl), a germanium wafer (Ge) and a gaillium arsenide
(GaAs) wafer.

In the case that a semiconductor on insulator type substrate is used, step ¢) can be carried
out such that the grinding stops around 10-20 um above the buried oxide (BOX). The
following TMAH etch stops at the BOX. The BOX itself can then be left over or also
removed. For the bulk substrates, the grinding stops around 10-20 pm above the bonding

interface.

Further preferred, step f) can comprise forming a dielectric layer, in particutar a TEOS or
nitride layer. Thus levelling and electrical isolation can be achieved. Preferably, the
dielectric deposition step can be followed by CMP planarization.

Advantageously, the second substrate can be one of a silicon wafer, a poly-Si substrate, a
glass substrate and a quariz substrate. Actually, the main role of the second substrate is to
provide the desired stability to the structure. Therefore, any kind of substrate which is
readily available is suitable. Nevertheless materials are preferred which ensure close
thermal expansion coefficients between the two substrates fo prevent breaking of the
bonded pair during a subsequent thermal treatment.

According to a preferred embodiment, step e) can comprise forming of a doping pattern, in
particular of first zones with a first doping type and second zones, preferably in zones



Figure 2illustrates a second enbodi nent of the nethod of making a
back-illum nated i nage sensor. Figure 1 illustrates the steps of the

met hod of yigkd pedgbacksi de illum natedl i mage senor acgefgbigodogssshe
invention. Step | consists in providing a first substrate 1

conprising a sem conductor layer 3. . 1n this enbodinment, the first
substrate 1 is a silicon on insulator (SO) wafer, thus conprising a
base substrate 5, a silicon oxide |layer 7 and thereon a silicon |ayer
3. Typicomipleyneriarytadie Sisbgones, avith a seconsl dopingtypef datieming maydeageueved
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enbodi nent is a silicon oxide |layer but could also be a silicon
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sem conductor |ayer 3. These el ectronic device structures can

conprise at | east one of CMOS conponents, CCD conponents,

phot odiFdgies,1 phollmtirates iost @nthodpreret| of the mettiosl cimadkdnig apaoleitientinaded image
devices as well as the necessary WD 2010/0722787PCT/ EP2009/ 006845

i nterconnect el eSFPBEe¥ %t c. Theses device structures 9a, 9b and 9c
can be forned directly on the sem conductor |ayer or on additional

i nter iate layers (not shown). .Step LIl .then consjists.in prqvidin

"} eveITTNIG 2 ay LluSA1ES 2, Ssine smadiientco’ e Fesha] Bl Eefinace BASiimitfeee
9c. This |evelli mgadegemodl can be a dielectric |ayer, e.g. a TECS
(Tetraethyl orthosilicate) or silicon nitride |layer, which would al so
have the advantage to already provide electric isolation. The
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has a thickness in a range of 200 nm to 5 pum. Instead of using a silicon on insulator
substrate, a bulk substrate like a silicon wafer, silicon germanium on insulator wafer
(SiGe0l), a silicon germanium alloy (SiGe alloy), a germanium on insulator wafer (GeOl), a
germanium wafer (Ge) or a gallium arsenide (GaAs) wafer could be used according to a

variant of the invention.

The next Step |l in the fabrication process consists in forming electronic device structures
9a, 9b and 9c over and/or in the semiconductor layer 3. These electronic device structures
can comprise at least one of CMOS components, CCD components, photodiodes,
phototransistors, pixel circuits and/or optoelectronic devices as well as the necessary



After the bonding, an optional step is a thermal annealing of the
bonded pair to increase the bonding energy and prevent debondi ng

during suRaeod{§i.ar i nding. The next Srep V according F@T,hpﬁ,w 06845
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s 1n Afge?rt] e bor];dlnSg an op%g%al step is a thermal annealing of the honded pair to increase the

bonding energy and prevent debonding during subsequent grinding.

The next Step V according to the invention consists in removing at least a part of the first
substrate 1. In this embodiment, the base substrate 5 of the first substrate and the dielectric
layer 7 are completely removed so that only the semiconductor layer 3 or a thinner part
thereof 3’ remains. According to further variants, at least a part of the dielectric layer 7 could
also remain.

The material removal step V can, for example, be carried out by grinding and/or etching, but
any known method could be used. In case of bulk silicon, material removal can be carried
out by grinding, lapping and polishing. Subsequently, an additional cieaning step could be
carried out.

Step VI consists in an amorphization step. At least a part 17 of the semiconductor layer 3, 3’
is rendered amorphous by implanting silicon, germanium, argon and/or xenon ions. The

amorphous region 17 has a thickness in the range of 10 — 400 nm.



Ucm- or above. Preferably, doping is achieved via surface 17, thus
opposite to where the el ectronic devices are arranged. Thus a

negative ifpasbopist he performance of 8he el ectronic dggtgRo00006845
structures can be prevented. Subsequently, the dopants are activated

using a |low tenperature activation, neaning that the activation is
carried out such that the tenperature of the region conprising the
electronic devices 9a, 9b and 9c remains at 450C or |ess. By doing
Sso, is prevented that the devices 9a, 9b, 9c are damaged, in
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Thi s meohey drneblantes thdsii Puldaped regidis ami grasphafis énplanted with an energy of
acti Vatd.gﬂ'ﬁo keV to form N+ doped regions. Typically, the dose implanted is in a range of 5 x
10™ cm or above. Preferably, doping is achieved via surface 17, thus opposite to where
the electronic devices are arranged. Thus a negative impact on the performance of the

electronic device structures can be prevented.

Subsequently, the dopants are activated using a low temperature activation, meaning that
the activation is carried out such that the temperature of the region comprising the electronic
devices 9a, 9b and 9c remains at 450°C or less. By doing so, it is prevented that the
devices 9a, 9b, 9¢c are damaged, in particular by an unwanted diffusion of dopants present in
the electronic structures of the transistors, etc. of the devices 9a, 9b, 8¢. To carry out the
activation a standard thermal anneal in a furnace or a rapid thermal process, but also a
laser, in particular pulsed laser, annealing or microwave annealing could be applied. In case
of a pulsed laser anneal, the laser wavelength is chosen such that it corresponds to
penetration in silicon of, at most, 1 micron. In this case an XeCl excimer laser could be
used. For the activation of thicker silicon films, a microwave activation with an appropriate
frequency can advantageously be employed.

The thermal anneal (again at 450°C or less in the region of electronic devices 9a, 9b, 9c¢)
leads to a re-crystallisation of region 17 and, at the same time, to the electrical activation of
the implanted dopants. As the melting point of amorphous silicon is lower than for the



Foll owi ng the activation of the dopant, further process steps can be
carried out, for exanple, to provide colour filters and/or |enses

and/ or antjghkfbhhestsd on | ayers on the backside surface p8pbibodhesss
descri bed enbodi nent, the anorphization step is carried out before

entering the dopants, neverthel ess w thout departing fromthe scope

of the invention, it is also possible to carry out the two steps at
the sanme tine or even reverse the sequence, thus first doping and
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doping is carrled out such that a doping pattern 23, e.g. using a

sk, HARDIBHIthABnt BEBLER) Vel gPesd G @hoPdon Bl | eads o the

fornatlon 0 Zones |ng pe ‘and second zones
27, preferably in zones conplenentary to the first zones, with a

52e0n KB b B0 B B BSTEFPBY 508885555 pRISKAREL YBr xample
pr ot ecttegrévidercpavabiiers @ndioniersen andtn atideflediion déyare onvihe [bakikeside sorface
better hackside illum nated devices than conpared to the prior art

process1 $ during which the inplanting and activating steps are

carried out prior to formng the electronic devices. Enbodinents 1

and 2 [i ) L. L h| n u h

ove | gt rarriel ERpRiRi 3 PafaBaRG SR e S deforkrEiing e
I nvent idopantsheevestheleks m@hbMpadmugl fbrakigosdope gf theninvdritiok git istdlempossible to
necessar, chi ev Iev | i ch th

Cubst r et etd Fanscat T ndfe TG o b g Rt iy e RBet, B tnping g
st ruct uhen the ahorphizetimrustep f urtheheofd, mteqdrufchmrrnplammgha glasemecdulebe used
| ayer thigckness shaoul d be a preferably 100-200 gm WO
2010/ 07‘95@ E%?@o*é?‘bﬁ%@ﬁ%ﬁ' @\%‘%t%éd% so that the final device
quality is i rrproved as the activation efficiency can be inproved by

provi di &%HHP,?%E, 485 %cm @%/cf ingat, | TAlRtrhialif T FRAM bcal lpe}rrlg REGMidd o dRLen that

current
doping pattern 23, e.g. using a mask, is achieved in the highly doped region 21. This leads

to the formation of first zones 25 with a first doping type and second zones 27, preferably in
zones complementary to the first zones, with a second doping type.

With the described methods, the photoactive silicon regions with reference numerals 3, 3’
and 21 are better protected from parasitic contamination and, therefore, will lead to better
backside illuminated devices than compared to the prior art processes during which the
implanting and activating steps are carried out prior to forming the electronic devices.

Embodiments 1 and 2 comprise a step of attaching a second substrate 13 to the levelling
layer 11. However, according to a further variant of the invention, the levelling layer could
also be grown thicker than necessary to achieve levelling such that, even in case the base
substrate 5 of the first substrate is completely removed, the overall structure is stiff enough
for the final product. In this case the layer thickness should be at least 10 ym, preferably
100-200 um.

As mentioned above, with the inventive method carrying out the doping after electronic
devices are formed, a contamination of photoactive silicon region 3, 3’ and 21 can be better



11 d ains 1. A nethod of fabricating a back-illum nated inmage
sensor which conprises: providing a first substrate conprising a

sem conduG}@koih@yefs having a frontsi dddand a backsi de, pEpffiodfoossss

opt oel ectroni c device structures upon or in the frontside of the

sem conductor |ayer, at least partially renmoving a rear side of the
first substrate, anor phi zing at |least a part of the backside of
the sem conductor |ayer after the optoel ectronic device structures

are fopragnteshs thadithg finakdevien ghalite ds ifaprpved, ashthesagtivationi gfficigncy can be
| ayer.
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3. The method of claim1l, wherein the anorphizing conprises either
inplanting ions of at |east one of Si, Ge, Ar or Xe into the
sem conduct or | ayer or conducting a plasna treatnent on the

sem conduct or | ayer. 4. The method of claim 1, which further

conprises formng a levelling | ayer over the optoel ectronic device

structures. 5. The nethod of claim4, which further conprises
bondi ng a second substrate to the | &l&msi ng | ayer. 6. The

met hod of claim 1, wherein the doping occurs in the |layer on a side
that is opposite to the side where the optoel ectronic device
structures &are pAeasghtd of fabricatifghebarktihadinefed dhagensedisor whiahivofrprisdser

conprises activating the dopants. . 12 . . _.The nmet hod of .cl aim 7,
Wherei i ¢ habaeliies Mt Pa SRR irng seumisondsion T PARBES JetiokEgpt fine
sem copghusiier | ayer conprising the optoelectronic device structures
is 450C or |ess. 9. The nethod of claim 7, wherein the,
activating OSMEEAPIQSIECHORIC H5ViehErISTIesIRB AT I'dhafrontrde rhthe spmisandusipr
rapi d hggrnal anneal ing, laser or pulsed | aser activation, or by
m crowave acti vati on.

at least partially removing a rear side of the first substrate,

amorphizing at least a part of the backside of the semiconductor layer after the
optoelectronic device structures are formed, and

doping the amorphized part of the semiconductor layer.

2. The method of claim I, wherein the semiconductor layer comprises silicon and is

doped in the amorphized part of the semiconductor layer.
3. The method of claim 1, wherein the amorphizing comprises either implanting ions
of at least one of Si, Ge, Ar or Xe into the semiconductor layer or conducting a plasma treatment

on the semiconductor layer.

4. The method of claim 1, which further comprises forming a levelling layer over the

optoelectronic device structures.

5. The method of claim 4, which further comprises bonding a second substrate to the

levelling layer.

6. The method of claim 1, wherein the doping occurs in the layer on a side that is

opposite to the side where the optoelectronic device structures are present.

7. The method of claim 1, which further comprises activating the dopants.



10. The method of claim1l, wherein the first substrate is renoved
such that the sem conductor |ayer remains, or such that part of the
sem conduct or | ayer that conprises the optoel ectronic device
structures renains. 11. The method of claim 1, wherein the
first substrate is one of a Si wafer,!?a silicon on insulator wafer, a
silicon germaniumon insulator wafer (SiGed ), a silicon gernmanium

al | oy (Si GeB-al | olhe methebeirpdaimimvwheraimidg pettetingsfearricd @aueh that a
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a diel eckssi c | ayer. 13. The nmethod of claim 12, which further

conprises planarizing the dielectric |ayer. 14. The net hod of
claim 13, wherein the dielectric layer is a TECS or nitride |ayer and

the planariging Tig kdRodPbdam Z MHeRh the activati®is chiiRdiat BPehdr cl ai m
5, wherein the second substrate is one of a S wafer, poly-Si

subst r eaneentymalythermeal apnealing rapid therpa aapratiag tassuprarulgd daser activatiopgor bphe
met hod, of . &Llal idaopherein the doping is fornmed in a pattern. 13

10. The method of claim 1, wherein the first substrate is removed such that the
semiconductor layer remains, or such that part of the semiconductor layer that comprises the

optoelectronic device structures remains.

11. The method of claim 1, wherein the first substrate is one of a Si wafer, a silicon
on insulator wafer, a silicon germanium on insulator wafer (SiGeOlI), a silicon germanium alloy
(SiGe alloy), a germanium on insulator wafer (GeOI), a germanium wafer (Ge) or a gallium

arsenide (GaAs) wafer.

12.  The method of claim 4, wherein the levelling layer that is formed is a dielectric

layer.
13.  The method of claim 12, which further comprises planarizing the dielectric layer.

14.  The method of claim 13, wherein the dielectric layer is a TEOS or nitride layer

and the planarizing is CMP planarization.

15.  The method of claim 5, wherein the second substrate is one of a Si wafer, poly-Si

substrate, or glass, quartz or a transparent substrate.

16.  The method of claim 1, wherein the doping is formed in a pattern.



17. The method of claim 16, wherein the pattern includes

non-overl apping first and second zones, and wherein the first zones
are of a first doping type and second zones are of a second doping
type. 18. The met hod of claimlI wherein the optoel ectronic
devi ces conprise at |east one of CNCSEHevices, CCD devi ces,

phot odi odes, phototransistors, or pixel circuits. 19. The
met hod of ciai mihewnehed of daim K6, pheresiihe pattereirkidegponeyved siring fiskand
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base ssHostd diping tgped wherein the renoving step further conprises
renovi ng the base substrate and buried dielectric |ayer.

18.  The method of claim 1, wherein the optoelectronic devices comprise at least one

of CMOS devices, CCD devices, photodiodes, phototransistors, or pixel circuits.

19.  The method of claim 1 wherein the first substrate is an SOI substrate comprising
the semiconductor layer, a base substrate and a buried dielectric layer intervening between the
semiconductor layer and the base substrate, and wherein the removing step further comprises

removing the base substrate and buried dielectric layer.



