Met hod of Fabricating a Back-111um nated | nage Sensor The invention rel ates

to a nethod for fabricating a back-illum nated i mage sensor. Such a net hod
is, for ewarnplowg72ksaown from US 2006/ 0186560 A 1, which @CTEPREOHIESS ypi cal
process flow for form ng back-illum nated i mage sensors. This process flow
conprises the following steps: First of all, a starting substrate is

provi ded which can be either a silicon on insulator substrate with a
silicon top layer with a thickness of about 500 nmor |ess or a bulk

sem conductor substrate. Subsequently, a doping step is carried out to

hi ghly dope (N+ &fethod %EaET'P?E!Baqé?ﬁk luvevnat%lmae%wrabout 50 nmto
500 nm The surface of the starting substrate is then prepared for a
subsequent epitaxial growmh step during which an epitaxial silicon |ayer
with a thickness of about 1.5 - 5 mmis growm. This layer is lightly doped.
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such as CMOS imaging components etc, charge couple devices (CCD) components, are
then formed using standard microelectronic processing from front end of the line through the

back end of the line, i.e. the metallization steps.

Subsequently, a dielectric layer such as a TEOS or a nitride layer is deposited over the
electronic devices. The role of this layer is to electrically isolate the back end of the line
elements of imaging components and at least partially as a sacrificial layer for the
subsequent planarization. The dielectric layer is then planarized, e.g. by chemical
mechanical polishing (CMP) technique. The obtained structure is then attached, in
particular by bonding, via the surface of the planarized dielectric layer to a handle wafer.
The handle wafer can be a bare Si wafer with the native oxide or an oxidized Si wafer. The
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,



and lowy doped silicon |ayer cone closer to the backside surface. In case
of a silicon on insulator substrate, t{}e renoved material can al so

i ncor por aWe 2010&07RaTBi ed oxi de (BOX) in tthe origi nal SO WReT&AP200840DESHS can be
removed by HF di p. Depending on the kind of sensor, the BOX can, however,
al so remain. Eventually, in a subsequent step, further additional

| ayers, such as an anti-reflection lens etc, are fabricated over the

bi -1 ayer surface to obtain the final product. US 2008/ 0224247 A 1 proposes
a di f fseeh@s apppthbErflechon fanswtcarsfalricried oner the RitlayRImusfagh te 9otain thg Naglge
of a sgy/hsidiate, to then carry out a thinning step of the backside and to
subseﬁent y carry out an inplantation of p-type ions via the backside. To
activate the inplanted p-type dopants, a | aser annealing is carried out.
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! buried sem)iccl)ndluc or layers during l#he procesging oflthe electronic devices (e.g. the CMOS
processing) dictates the need for thicker — typically about 1 — 3 pm thicker than standard
layers which are in a range of 1 - 5 um - silicon epitaxial layers underneath the photodiodes
of the image sensor. In the second case, the electrically active fraction of the dopants is not

sufficient.

Starting therefrom, it is the object underlying the invention to provide an improved method
for fabricating a back-illuminated image sensor with improved active dopant profiles.

This object is achieved with the method according to claim 1. Accordingly, the method
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, ¢) 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.



particular a silicon |ayer, b) form' ng el ectroni c device structures over
and/or in the sem conductor [|ayer, renovi ng, at |east partially, the
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process’ As there is no need for an additional silicon |ayer epitaxial
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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 c)
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.



represents an effective way of providing an anorphous |layer. In case that
anor phi zati on and doping are carried ou‘# at the sane tine, a device using
two i ons WORAW/073278 f or dopi ng and one Tor anorphi zat i oRCEER208/00BT. As
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or arsenic for a n-type dopant profile. Advantageously, the nethod can
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by an ahgsieve nmeans. The second substrate provides nmechanical support to
the structure. According to an advantageous variant, during step e), the
dopi ng can occur via the side opposite to the side where the electronic
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of already forned el ectronic conponents, e.g. junctions, will e.g. be |ess
di sturbed by diffusion. Additionally, the | ow tenperature dopant activation
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Additionally, the low temperature dopant activation process can prevent a degradation of
metal interconnect layers due to melting.

According to a preferred embodiment, step h) can be carried out by the conventional thermal
anneal (furnace or Rapid thermal processing), which, is preferably carried out at less than
450°C (temperature in the region of the electronic devices), will lead to the removal of
implant damage and the electrical activation of the dopants. During such an anneal a
phenomenon called “solid phase epitaxial recrystallization”, i.e. re-growth of the amorphous
layer occurs. This step is of particular interest in case of electrical activation of boron as a
doping species.

According to a variant laser, in particular, pulsed laser annealing can be advantageously
used to activate the dopant in the amorphized layer. The pulsed laser annealing is
preferably done in a melting regime. The advantage of the amorphization before laser
anneal 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.



I mpl ant damage and the electrical activation of the dopants. During such an
anneal a phenonenon called "solid phas& epitaxial recrystallization", i.e.
re- gr omt WOef2010482278or phous | ayer occur This step i s oPCHAPRIGDESHS
interest in case of electrical activation of boron as a dopi ng species.
According to a variant laser, in particular, pulsed | aser annealing can be
advant ageously used to activate the dopant in the anorphized | ayer. The

pul sed | aser annealing is preferably done in a nelting reginme. The

advant age of the anorphization before laser anneal is as follows: The

mel ti NgdoriTRG et aﬁ@thef v%’i"aﬁphé’%lo?bwb@e Acivhfidrc 28h! e | RYRINtAdEDUsiyhabed O
the crystalline Si: 90 K. For exanple, a KrF exciner |aser

(248 rﬁﬁtl\l@'@elf@ngﬂmamﬁdl d@pam at/thh the tatsbuesszof ABe layern taffer phinaingdnis &8r

densit /cn2 can be used to nelt anorphous Si layers with
a thi CKRES: |@t}ﬁb‘|le tﬂ?§1§8§1é18 nm and result high electrical activation of the

dopants. The Iaser anneal i ng of the am)rphi zed layers allows to reduce the

ffect] ' th f al d
ol ect ARSI 3Rt ST P e PiehiohoReB ) in B GRMRHP BiATEE nat only
| ayer Shé\eéﬂﬁdﬁnﬂgcm I8ye0oh arpariethepstf remalmisc ITHARY ightfanurabtlo thecdévibe from the

advant a used 10 activate the i | ant ed dopants when the thickpness of
the | A%?g?%'g 8 the fidspRRPSite it é’gﬁ'ﬁ%m'ﬁﬁ’ﬁ ICeIRICIEBS R PIQY iad to

a pr eftﬁéﬂ@@'lré’diéérﬁQF cHcenfratibry 84 b@%ea%@lﬂwﬂ?esfe%ﬁic&%%rr lagér. out such that
only the sem conductor |ayer or a part thereof remains. Thus, |ight can
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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 pm 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 ym above the bonding

interface.

Further preferred, step f) can comprise forming a dielectric layer, in particular 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 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 available is suitable. Nevertheless materials are preferred which ensure close
thermal expansion coefficients between the two substrates to 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



In the case that a sem conductor on insulator type substrate is used, step
c) can be carried out such that the grinding stops around 10-20 nm above

t he buri edoariode2y7BOX). The fol | owi ng FVAH et ch st ops aPCTEP28Q4068The BOX
itself can then be left over or also renoved. For the bul k substrates, the
grinding stops around 10-20 mm above the bonding interface. Further
preferred, step f) can conprise formng a dielectric layer, in particular a
TECS or nitride layer. Thus levelling and electrical _isolation can be
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doping pattern, in particular of first zones with a first doping type and
second zones, preferably in zonesconplenentary to the first zones, with a
second‘\dygptaggous ganbaaimeatsnefife ipyentionawilibe depcrbed dn the foligwingeinnelptionste.
This f ' s the flexibility of the application. Preferably, the
el ect rtgﬁiht‘ﬁ Séﬁgg%gan conprise at | east one of CMOS devices, CCD devi ces,
phot odi odes, phototransistors, pixel circuits and optoel ectroni c devices.
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be described i n gégmsof,@ndowi ng in relation to the enclosed figures: Figure 1

i1 lustrates one enbodi nent of the nethod of making a back-illum nated inmage
sensor, and
Figure 2 illustrates a second embodiment of the method of making a back-illuminated

image sensor.

Figure 1 illustrates the steps of the method of making a backside illuminated image senor
according to the invention. Step | consists in providing a first substrate 1 comprising a
semiconductor layer 3. In this embodiment, the first substrate 1 is a silicon on insulator
(SOI) wafer, thus comprising a base substrate 5, a silicon oxide layer 7 and thereon a silicon
layer 3. Typically the base substrate 5 is a silicon wafer but could also be a poly-Si
substrate, a transparent substrate, like glass or quartz or any other suitable substrate. The
dielectric layer in this embodiment is a silicon oxide layer but could also be a silicon nitride
layer or combination of Si oxide and nitride layers. The silicon layer 3 in this embodiment
has a thickness in a range of 200 nm to 5 um. Instead of using a silicon on insulator
substrate, a bulk substrate like a silicon wafer, silicon germanium on insulator wafer
(SiGeOl), 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 Il 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



Figure 2 illustrates a second enbodi mrent of the nethod of making a
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I sol at I on. The thi ckness of the |ayer 11 is sufficient to cover the

st r uct'@yess! 1of Bpp@ing can occur either between the silicon surface of the second substrate 13

or via its natural oxide surface.

After the bonding, an optional step is a thermal annealing of the bonded 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 cleaning 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.



el ectronic device structures 9a, 9b and 9c. The dielectric deposition step
can be followed by CWP planarization t% obtain a snooth surface ready for a
subsequenWoRondi’ays Subsequent |y, accoiding to Step |V, PCHEPIOO0ESHTF e
obtained is attached to a second substrate 13. The second substrate 13 is a
standard silicon wafer but could also be a poly-Si substrate, a transparent
substrate, e.g. glass or quartz, or any other suitable transparent
substrate. Attachnment is achieved preferably via bonding via the surface 15
of the levelling layer 11. Bondi ng can occur either between the silicon
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exanpl e, be carried out by grinding and/or etching, but any known net hod

could be used. In case of bulk silicon, material renoval can be carried out
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| ayer or,3' .an I n rticular, .the amorphous part.17 theregf to thereby
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sem c@sluctsy ké\RyEform Ritdpetadgionk. Ofypidafly Dideaiose 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, 9c are damaged, in particular by an unwanted diffusion of dopants present in
the electronic structures of the transistors, etc. of the devices 9a, 9b, 9¢c. 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



substrate 5 and the dielectric layer 7. In the follow ng, the surface 19
will be called the "backside surface" (the electronic devices are on the
opposi t e WpAe/EamIswhen the i mage sensor i s used, |i ght PRIT/EP2¢A086843 he
device via this surface. Foll ow ng doping, a highly doped region 2 1 with a
t hi ckness of about 10-400 nmis achieved. The highly doped region 2 1 in
this enbodinent is close to the surface 19 and corresponds to the anorphous
part 17, but could actually also be huried inside the |layer 3, 3'.
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| ess. By doing so, it is prevented that the devices 9a, 9b, 9c are danaged,
in par®cular by an unwanted diffusion of dopants present in the el ectronic
structures of the transistors, etc. of the devices 9a, 9b, 9c. To carry out

the activation a standard thermal anneal in a furnace or a rapid thernal
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According to a second embodiment, illustrated in Figure 2, doping is carried out such that a
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 pum.

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



| eads to a re-crystallisation of region 17 and, at the sane tine, to the

el ectrical activation of the inplanted dopants. As the nelting point of
anor phouswei2piogg78s | ower than for thﬂ%rystallized si | IPCBHAEP2QNO0$4S | r ed
re-crystallisation acconpanied by the activation can be achi eved at | ower
tenperatures conpared to a case w thout the anorphization step. This nmethod
functions particularly well in case of a boron activation. Follow ng the

activation of the dopant, further process steps can be carried out, for
exanplpreevantedsg\thak theofindl devica gpalityis/improveds @s thepdivation iefficdencyceamhe
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wi t hodibe depantiprefjesr om t he 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 then the anorphization step. Furthernore, instead of ion

i nplanting, a plasma could be used for the anorphization step and/or the
dopi ng step. According to a second enbodinent, illustrated in Figure 2,
doping is carried out such that a doping pattern 23, e.g. using a mask, is
achieved in the highly doped region 2 1. This leads to the formati on of
first zones 25 with a first doping type and second zones 27, preferably in
zones conplenentary to the first zones, with a second doping type. Wth the
descri bed net hods, the photoactive silicon regions with reference nunerals
3, 3 and 2 1 are better protected fromparasitic contam nation and,
therefore, will lead to better backside illum nated devi ces than conpared
to the prior art processes during which the inplanting and activating steps
are carried out prior to formng the el ectronic devices. Enbodinents 1 and
2 conprise a step of attaching a second substrate 13 to the levelling |ayer
11. However, according to a further variant of the invention, the |evelling
| ayer could al so be grown thicker than necessary to achieve levelling such
that, even in case the base substrate 5 of the first substrate is
conpletely renoved, the overall structure is stiff enough



for the final product. In this case the |ayer thickness should be at | east
10 mm preferably 100-200 mm As nentioned above, with the inventive nethod
carryi ng \WOt20t52218pi ng after el ect ronft devices are foPGEEP209/006845
contam nation of photoactive silicon region 3, 3" and 2 1 can be
betterprevented so that the final device quality is inproved, as the
activation efficiency can be inproved by providi ng the anorphous | ayer.
This is in particular seen in dark current and the dopant profiles.C ains
1. Method of fabricating a back-illuminated i mage sensor conprising the
steps of: a) providing a first substpéﬂ'ﬁ‘%orrpri sing a sem conductor | ayer,
in particular a Si layer, b) form ng electronic device structures over
and/or in the sem conductor layer, c) renoving at |least partially the first
substrate, d) anorphization of at |east a part of the sem conductor |ayer,

and e)4 dopj o I3 o L ) part. 2.
Vot hod ac e 8P REMERT A BSb i an iroBThe gty BEREBEHE PP s
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| ayer or a plgsrra treatnment. 3. Method according to claim1 or 2, further
conprising a &&p f) after step b) and before step c) of forning a

| evel | i ng b) ay egrmiivgelettrenieldevicedtuctutey ooer aid/ocinthesemicondietdrtglerccor di ng

to claim3, further copprising a st ) after step f) of attaching, in
parti cul ar) by rBRUNS gt eéssa%'gl!v Q’l?o’f’g?g-il@"ta@vt he I evelling layer. 5. Method

accordi ngdy 0 arRrefizaticH éfatleds? a‘partbetheisnilédrdugtoridRereand dopi ng occurs
via the side opposite to the side where the el ectronic device structures

are provi @d. depingihésemicondueliontpyes. iomartisulasithe amorphayisspart.ur t her
conprising a step h) of activating the dopants.

2. Method according to claim 1, wherein the step of amorphization comprises implanting
ions of at least one of Si, Ge, Ar or Xe into the semiconductor layer or a plasma

treatment.

3. Method according to claim 1 or 2, further comprising a step f) after step b) and before
step c) of forming a levelling layer over the electronic device structures.

4. Method according to claim 3, further comprising a step g) after step f) of attaching, in

particular by bonding, a second substrate to the levelling layer.

5. Method according to one of claims 1 to 4, wherein during step e), doping occurs via the

side opposite to the side where the electronic device structures are provided.

6. Method according to one of claims 1 to 5, further comprising a step h) of activating the

dopants.

7. Method according to claim 6, wherein step h) is carried out such that the temperature

of the region comprising the electronic device structures is 450°C or less.

8. Method according to claim 6 or 7, wherein step h) is carried out by conventional
thermal annealing, in particular a furnace anneal or Rapid thermal processing, laser

activation, in particular by pulsed laser activation, or by microwave activation.



7. Method according to claim®6, wherein step h) is carried out such that
the tenperature of the region conprising the electronic device structures
is 4500C wo 2b952278. ©Met hod accordi ng 19 claim6 or 7, PROEEPROVISOESPS h) 1S
carried out by conventional thermal annealing, in particular a furnace
anneal or Rapid thermal processing, |aser activation, in particular by

pul sed | aser activation, or by m crowave activation.9. Mthod according to

one of clainms 1 to 8, wherein step c) is carried out such that only the

sem conductor |ayer or a part thereof remains. 10. Method according to one
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(GeA), a germaniumwafer (Ge) and a gallium arsenide (GaAs) wafer. 11.
Met hod according to one of clains 2 to 10, wherein step f) conprises
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substrate or a transparent substrate, in particular glass or quartz. 14

Met hod aC(QSF'H?WQ”'t WafﬂﬁéGG} apq gigadlium ?[ﬁeﬂ‘ﬁe (ﬁﬁsél"Y? 8tep e) conprises
formng of a doping pattern, in particular of first zones with a first
dopi ng type and second zones, preferably in zones conplenentary to the
first Honddgthod taccardirg dadontopf ripimgpé. 10140, mbereid step d) diomprisesofieemilg a

clains 1 td?eléé%gqygé% @ahl&%lareﬁlate?%{)%déegmg%%o%rConpri se at I east one pf

CMOS devi ces ansistors, pixel circuits,
and optoel ectroni c devi ces.

12. Method according to claim 11, wherein the dielectric layer is planarized, in particular by

CMP planarization.

13. Method according to one of claims 1 to 12, wherein the second substrate is one of a Si
wafer, poly-Si substrate, or a transparent substrate, in particular glass or quartz.

14. Method according to one of claims 1 to 13, wherein step e) comprises forming of a
doping pattern, in particular of first zones with a first doping type and second zones,
preferably in zones complementary to the first zones, with a second doping type.

15. Method according to one of claims 1 to 14, wherein the electronic devices comprise at
least one of CMOS devices, CCD devices, photodiodes, phototransistors, pixel circuits,

and optoelectronic devices.
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