1 Method for Fabricating a Sem conductor Substrate and Sem conduct or
Substrate The invention relates to a nethod for fabricating a

sem conduct or substrate conprising the steps of: providing a

sem conductor on insulator type substrate with a base, an insulating
| ayer and a first sem conductor layer with a first dopant
concentration and providing a second sem conductor |ayer, in
particular of the sanme material as the first sem conductor |ayer,

wi th the second dopant concentration different conpared to the first
dopant concentration. The invention furthernore relates to a
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barri er | ayerburied oxide to limit the dark current generated by interface defects. The second
semiconductor layer corresponds to the region in which the photons are converted into
electrons.

With the above-described substrates, an unsatisfying photon/electron conversion efficiency,
in particular in short wave length region e.g. of blue light, was observed. Starting therefrom,
it is therefore the object of the present invention to provide a method for fabricating the
above-described kind of semiconductor substrate with an improved photon/electron
conversion efficiency.



By providing a diffusion barrier |ayer between the first

sem conductor |ayer and the second sem conductor |ayer, the thickness
of the transition region between the two dopant concentrations can be
reduced. As a consequence, the photon/el ectron conversion efficiency
can be inproved. Advantageously, the digffusion barrier layer and the
first sem conductor |ayer have essentially the sane lattice
paraneter. The sem conductor substrate will experience further
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Advant ageousl y, the doping of the first and second sem conduct or
| ayers can be carried out in the sanme fabrication device, in

particular in an epi-reactor. Using the epl-reactor, which is used to

epitaxially grow the second sem conductor |ayer, furthernore
facilitates the production line due to3the fact that no additional
step of inplanting and an additional thermal treatnent to activate
the dopants is necessary. Furthernore it is also not necessary to
provi de an additional tool, such as a diffusion chanber for the
doping. 4 According to a preferred enbodi nent, the base can be out
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1000C or more, in case of Ge rather up to 800C or more. In situ doping is advantageous
as compared 1o ion implantation as doping method in case that a further epitaxy step is
needed.

Advantageously, the doping of the first and second semiconductor layers can be carried out
in the same fabrication device, in particular in an epi-reactor. Using the epi-reactor, which is
used to epitaxially grow the second semiconductor layer, furthermore facilitates the
production line due to the fact that no additional step of implanting and an additicnal thermal
treatment to activate the dopants is necessary. Furthermore it is also not necessary to
provide an additional tool, such as a diffusion chamber for the doping.
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5 The object of the invention is also achieved with the sem conduct or
substrate according to claim14. The inventive sem conduct or
substrate conprises a base, an insulating |layer, a first

sem conductor layer, in particular a silicon layer, with a first
dopant concentration, a diffusion barrier |ayer and a second

sem conductor layer, in particular of the same material as the first
sem conductor |ayer, wth a second dopant concentration different
conpared to the first dopant concentration, over, in particular on,
the diffusion barrier layer. By providing the diffusion barrier
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the donor substrate, a4) bonding the donor substrate 1o the base substrate, detaching the
remainder of the donor substrate from the bonded donor base substrate at the
predetermined splitting area to thereby form the SOI substrate and doping of at least a part
of the transferred semiconductor layer. With this so-called Smart Cut™ technology, high
quality SOl wafers can be achieved and which can serve in the above described
advantageous method.

Advantageously, the growth of the first layer, the growth of the diffusion barrier layer and the
growth of the second semiconductor layer can be carried out in the same epi-reactor, which
further optimizes the process. [t is even further preferred to also carry out the in-situ doping

in the same reactor.



Figures la- Ic illustrate the steps of one enbodi ment according to
the inventive method for fabricating a sem conductor substrate, and
Figure 2 illustrates a typical dopant concentration profile in a
sem conductor substrate according to the invention. Figures la - Ic
illustrate an enbodi nent for fabricatisg a sem conductor substrate
according to the inventive nethod. According to step a) of claim1 of
the inventive nethod, a sem conductor on insulator type substrate 1
is provided. In this errbodi rrent t he sem conduct or on insul ator type
substrate on [ S ate. .
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The invention also relates to opto-electronic sensors, in particular an image sensor,
comprising the semiconductor substrate fabricaied as described above. As already
mentioned, the inventive method allows to create a superior substrate which in turn will also

improve the qualities of the final product, thus the image sensor which uses the substrate.



For opto-electronic applications, the thickness of the insulating

|l ayer 5 is typically fromabout 10 nmto 1500 nm preferably in a
range of 100 nmto 400 nm The sem conductor |ayer 7 typically has a
t hi ckness of 50nmto 800nm preferably 55nmto 200nm The

sem conductor layer 7 in this enbodinemt is a highly doped n++ or p++
| ayer with a dopant concentration in a range of 1017 atons/cn8 up to
1020 atons/cnB. Preferably, doping is achieved via in situ doping
(1SD) as described above. The doping can, for exarrpl e, be carried out
inthe dif r . i n
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di sl ocati %s@ggdsﬁ%,i QBh that the insulating layer is sandwiched between the base substrate and
the donor substrate. Subsequently, the remainder of the donor substrate is detached from
the bonded donor base substrate at the predetermined splitiing area following a thermal
and/or mechanical treatment upon the predetermined spliting area. As a result, a
semiconductor on insulator (SOI) substrate, like illustrated in Figure 1a, is obtained. With
this method, the insulating layer finds itself between the semiconductor layer, in the
described example a silicon layer, transferred from the doner substrate and the base
substrate. The insulating layer forms the so called buried oxide fayer (BOX).

Thus, the 8Ol type substrate 1 illustrated in Figure 1a comprises a base 3, typically silicon.
However, depending on the application, also other materials are suitable, like for example
transparent materials, such as glass or quartz, which find their application in opto-electronic
devices.



The diffusion barrier |layer can be formed out of a plurality of
different layers to forma nultilayer structure. In case of a Ge
first sem conductor |layer 7, the diffusion barrier |ayer can al so be
a Sii... y Gex Cy layer, in particular a stressed |ayer which can
for exanple be provided by a |layer tramsfer nmethod, e.g. like a Snart
Cut TM type process. Sii.x.yGe.Cy can be transferred wth a Ge | ayer,
that is typically highly doped before the transfer, because the top
Sii.x.yGe,Cy transferred | ayer woul d ot herwi se prevent dopants to
diffuse to the Ge layer during an hypothetical in situ doping step in
this specific case. Subsequently, as illustrated in Figure 1lc, a
second semitBadaingdayer fy the abpvgnaenyprag iwdd oxide lyerdist fragdashorbierbiase 3.
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essentially the same lattice parameter.

The Siy«,GexC, layer can be obtained by a CVD process using organo-metallic precursors,
like for example SiH;CH3 and/or GeHaCHz andfor SiH, and/or GeH,.



10 Cains 1. Method for fabricating a sem conductor substrate
conprising the steps of: a) providing a sem conductor on insul ator
type (SO01) substrate, in particular a Silicon on insul ator substrate,
conprising a base, an insulating |layer and a first sem conductor

|l ayer with a first dopant concentratios, b) providing a diffusion
barrier layer, and c) providing a second sem conductor |ayer, in
particular of the sanme material as the first sem conductor |ayer,

wi th a second dopant concentration different conpared to the first
dopant concentration, over, in particular on, the diffusion barrier
| ayer, wherein the diffusion barrier |layer and the first

sem conductlos i aguantapeprs ashén subpequent fabdeatipm maprese rteps, Hbe dopstraty wight

the first GREiRRRANG RBIFGR B MhichRUSS arySdiffdérick §Fthe Witick R ohdientS ARt
fabrication l:flew ce é%ﬂ%%s In particular anepi-reactor, wherein after

dopi ng, t h'&aq forsypssd YhRiGE: or 1 ayer dopant concentration is in a
range of 1017 atons/cnB up to 1020 atons/cnB, the second dopant

concentrat e e r IS, .| r f

015 o 5 bt PmobdienthR G SETbERG naikihe ipt e b ADIRas e
di f fusi on WHeryirg firstgp@icopdcipr Byer7ds grauyp tp gyigkngps ¢f Ogh 180 or 18ss, In naiguler <
y 5 0,04, uefsmbak, hob BPalicud 2090 o Gh. Bulalftaihickitddba of a8 thah ey firh lafd
and second, dopapt o Al 8 908 9hoRdl 90ugr Phosphorus.

in case that, according to a variant, another type of diffusion barrier layer 9 with a different
material composition is provided, the advantageous effect of diffusion suppression can still
be achieved, but fo reduce the impact of different lattice constants, the thickness of the

diffusion barrier layer shall not exceed the critical layer thickness for dislocation nucleation.

The diffusion barrier layer can be formed out of a plurality of different layers to form a
multilayer structure.

In case of a Ge first semiconductor layer 7, the diffusion barrier layer can also be a Siy..
,Ge,Cy layer, in particular a stressed layer which can for example be provided by a layer

transfer method, e.g. like a Smart Cut™

type process. Siy.«.yGeyCy can be transferred with a
Ge layer, that is typically highly doped before the transfer, because the top Sii...,GexCy
transferred layer would otherwise prevent dopants to diffuse to the Ge layer during an

hypothetical in situ doping step in this specific case.

Subsequently, as illustrated in Figure 1¢, a second semiconductor layer 11 is provided on
the diffusion barrier layer 9. In this embediment, the second semiconductor layer 11 is
expitaxially grown in an epi-reactor. For a silicon layer, the used precursor gases can be
TCS, DCS or silane and for doping the layer in situ, again boron or phosphorus p-type or n-
type dopants are used. The growth typically takes place at a temperature of 1000 - 1200C
and a layer with a thickness of up to 8 ym can be achieved. The dopant concentration is
lower than in the first semiconductor layer 7 and is of the order of 1 x 10" to 5 x 10"
atoms/cm®. Figure 1c also illustrates the final result which is the semiconductor substrate 13
according to the invention.



3. Met hod according to claim2, wherein x = ay, with 8 < a < 11,
preferably w=9y. 4. Method according to one of clains 1 to 3, wherein
the diffusion barrier layer has a thickness of 10 to 500 nm in
particulars 20 to 50 nm 5. Method according to one of clainms 1 to 4,
wherein the doping of the first and/or gsecond senm conductor |ayer is
obtained by in situ doping. 6.Mthod according to one of clains 1 to
5, wherein the base (3) is out of a transparent material. 11

7. Met hod according to one of clains 1 to 6, wherein the diffusion
barrier layer is a nultilayer structure conprising at |east two

| ayers.
With the inventive method according to this embodiment and the inventive semiconductor

substrate 13, a superior substrate is achieved as, due to the presence of the diffusion barrier
layer 9 sandwiched between the first and second semiconductor layers 7 and 11, a diffusion
of the dopants out of the highly doped first semiconductor layer 7 into the second
semiconductor layer 11, can be suppressed. Thus, the second semiconductor layer 11 can
play its role as a photon to electron conversion providing layer over its entire thickness
which keeps the conversion efficiency optimized. Furthermore, the obtained dopant profile
remains stable even during subsequent process steps under high temperature which are
necessary to fabricate the opto-electronic devices on the second semiconductor layer 11.

Figure 2 illustrates a dopant concentration profile which can be achieved in the
semiconductor substrate 11 illustrated in Figure 1c. In the first semiconductor layer 7, the
dopant concentration is ~10'"® atm/cm® whereas in the second semiconductor layer the
dopant concentration is ~10' atm/em®. The transition region is actually defined as the
thickness of the region between 90% of the concentration in layer 7 to 110% of the
concentration in layer 11 which, in this case, may correspond to the thickness of the
diffusion barrier layer 9 thus with a thickness of 0,5 pm or less.

The invention is not limited to the above-described embodiments as the method can be
carried out according to other variants. It is, for example, possible that the doping of layers
7 and 11 can be carried out in the same chamber, namely the epi-reactor used to grow both
the diffusion barrier layer 9 and the second semiconductor layer 11.

With the inventive method, the inventive substrate having an improved dopant concentration
profile, also improves opto-electronic devices with a high photon to electron conversion

efficiency and low dark currents can be achieved.



8. Method according to one of clains 1 to 7, wherein the nodified
first sem conductor layer (7, 9) has a thickness in a range of 10 nm
to 800 nm preferably 55 nmto 200 nm and/or the second

sem conductor |ayer (13) has a thickneﬁﬁ in a range of up to 10 pm
and/or the insulating |layer (5) has a i ckness of 10 nmto 1500nm
in particular 100 nmto 400 nm 9. Method according to one of clains
1 to 8, wherein step a) conprises: al) providing a donor substrate,
a2) providing an insulating | ayer on €henglonor substrate or a base
substrate, a3) creating a predeternmined splitting area inside the
donor substrate, a4) bonding the donor substrate to the base
substrat el- aliethedifeichbrigpting A samicanuctassushatetmnrisigliv stepseoff r om t he

bonded d0n0r3¥)asﬁoﬁ&lh§’érs@ﬁ1?coﬁﬂuét nfih i rEi{r (?@ﬂl nCFfr%}E'lﬂgaﬁELﬂéréﬁhcon

thereby transter a_|ayer of onor
i nsul ati ng | ayerPofisyIdqie sihedaies ioapriging 3 d’aﬁ@rr Nt WéUISU!Q dayestandt a, first

and a6) dopi ng Cgenﬂéonh@é’tﬁrtla?erﬁ@thtaﬁ?§tdobéht%ﬁ&‘éfr§ﬂ‘dned sem conduct or
| ayer. 10. t hod cordéﬁgeto one of claims Ito 9, wherein the

dopi ng of th@ fiAfCia; 0OEGEr 2Y¥87ed t he growth of the diffusion

barrier |ayeg) arpiﬂo»hd]ﬁg g'sevdrid sefmédmaua@qam if pEHICABAShOEarh@iRicrial & the
carried out int ei- S i.-reacto
irs semlcon uctor layer, thh a second dopant concentration different compared

to the first dopant concentration, over, in particular on, the diffusion barrier layer,

wherein the diffusion barrier layer and the first semiconductor layer have the same
lattice parameter, the doping of the first and second semiconductor layer is carried out
in the same fabrication device (11), in particular an epi-reactor, wherein after doping,
the first semiconductor layer dopant concentration is in a range of 10 atorns/em® up to
10% atoms/cm?, the second dopant concentration of the second semiconductor layer is
in a range of 1 x 10" to 5 x 10" atomsfcm?,

2. Method according fo claim 1, wherein the diffusion barrier layer is a Siy..,GesCy layer
with 0 £ x < 1 and 0 <y < 0,04, preferably 0,03 < y £ 0,04, In particular when the first
and second dopants are one of boron or phosphorus.

3.  Method according to claim 2, wherein x = ay, with 8 < o, < 11, preferably x=8y.

4. Method according to one of claims 1 fo 3, wherein the diffusion barrier layer has a
thickness of 10 to 500 nm, in particulars 20 to 50 nm.

5. Method according to one of claims 1 to 4, wherein the doping of the first and/or second
semiconductor layer is obtained by in situ doping.

6. Method according fo one of claims 1 to &, wherein the base (3) is out of a transparent
material.



11. Sem conductor substrate conprising a) a base (3), b) an

i nsul ating layer (5), c) a first sem conductor layer (7), in

particular a Si layer, with a first do 1ant concentration, d) a
diffusion barrier layer (9), and e) a second sem conductor |ayer

(11), in particular of the sane material as the first sem conductor

| ayer, with a second dopant concentration different conpared to the
first ddpanMethodcastording dm,onevel claints patot §,cahaeinothe diffesion farrtsr dayer is a

barrier |ayer.. wherein. the, diffusion barrier layer (9) and

the first S@H"iag‘%'aﬁtﬁ%ﬁ”eﬁ&b@ 'S'W)a?l'?g\?{et Oﬁ%yaé'ﬁ‘rre lattice paraneter,

wherein after doping, the first sem conductor |ayer dopant

concentrati s 1n range of 1017 a [coB,up to. 1020 atqns/cnBl
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in a range @@ 9} has BOth&khesHinka kadde aft DOBACHB800 nm, preferably 55 nm to 200 nm,
and/or the second semiconductor layer (13) has a thickness in a range of up to 10 pm,
and/or the insulating layer (5) has a thickness of 10 nm to 1500nm, in particular 100
nm to 400 nm.

8. Method according to one of claims 1 to 8, wherein step a) comprises:

at) providing a donor substrate,

a2) providing an insulating layer on the donor substrate or a base subsirate,

a3) creating a predetermined splitting area inside the donor substrate,

a4) bonding the donor substrate to the base substrate,

ab) detaching a remainder of the donor substrate from the bonded donor-base
substrate at the predetermined splitting area to thereby transfer a layer of the
donor substrate including the insulating layer onto the base substrate to form the
SOl substrate, and

ab) doping of at least a part of the transferred semiconductor layer.

10. Method according to one of claims 1 to 9, wherein the doping of the first semiconductor
layer, the growth of the diffusion barrier layer and the growth of the second

semiconductor layer are carried out in the same epi-reactor.

11. Semiconductor substrate comprising

a) abase (3),

b) an insulating layer (5),

c) a first semiconductor layer (7), in particular a Si layer, with a first dopant
concentration,

d} a diffusion barrier layer (9), and

e) a second semiconductor layer (11), in particular of the same material as the first
semiconductor layer, with a second dopant concentration different compared to

the first dopant concentration, aver, in particular on, the diffusion barrier layer (9).



12. Sem conductor substrate according to claim 11, wherein the
diffusion barrier layer is a Sii.x.yGexCy layer with 0 x 1 and 0 <y
0,04, preferably 0,03 y 0,. 13. Semc uctor substrate according to
claim1l1l, wherein x = ay, with 8 < a <711, preferably x = 9y. 14.

Opt o-el ectroni c sensor, in particular inmge sensor, conprising the

sem conductor substrate according to one of clainms 11 to 13

f abri cat ed wbersindthegditiesiondaoier ddyver f8) and thelfirst semiconductor layer (7) have the

same lattice parameter, wherein after doping, the first semiconductor layer dopant
concentration is in a range of 10" atoms/cm® up to 10% atoms/cm?®, the second dopant
concentration of the second semiconductor layer is in a range of 1 x 10" to 5 x 10%

atoms/cm?®.

12. Semiconductor substrate according to claim 11, wherein the diffusion barrier iayer is a
Si1xyGexCy layer with 0 £ x <1 and 0 < y £ 0,04, preferably 0,03 <y <0,.

13. Semiconductor substrate according to claim 11, wherein x = ay, with 8 < o < 11,

preferably x = 9y.

14. Opto-electronic sensor, in particular image sensor, comprising the semiconductor
substrate according to one of claims 11 to 13 fabricated according to one of claims 1 to
11.



