|  METHOD FOR FABRI CATI NG A SEM CONDUCTOR SUBSTRATE
This invention relates to a nethod for fabricating a
sem conductor substrate, ifh particular, to a

sem conductor on insulator substrate (SO) conprising
an additional doped |layer, in particular an
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donor subsfrate is detached from the bonded donor-base substrate at the
predetermined splitting area following a thermal and/or mechanical treatment upon
the predetermined splitting area. As a result, a semiconductor on insulator (SOI)

substrate is obtained.

However, the use of a first type of dopants (e.g. n-type) substrate in the SOI
substrate fabrication line, different to a second type of dopants (e.g. p-type) can
lead to cross-contamination from donor wafers with an impurity dopant

concentration of the second type used in the standard SOI| substrate, to other
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therefore the object of the present invention to

Furl’%ﬂﬂ 11 ﬁﬁ?guéﬁfateé Wi)(ﬁ'nclggé %pént%%ﬂbﬁ%ﬁﬁﬂﬁéﬂf;gl@ﬂensnty

I nsul at or Strate wth an ditional layer wt
of dafeowcmmpar@drtoapenm! substpates Méthsa eatwmdomr%m’élre This is

rela;eg{ﬁ}@ fgﬁttthgts gg)z& g%gﬁnd\%frl&g lﬁ:@% :BZ]: \K}Rgh fa?rr additional epitaxial

layer will be grown, have a lower quality than p- type substrates, in particular

concerning COP defects.

It is therefore the object of the present invention to propose a method for
fabricating a semiconductor on insulator substrate with an additional layer with

which the contamination problems can be overcome.

This object is achieved with the method for fabricating a semiconductor substrate,
in particular a semiconductor on insulator substrate, according to claim 1.
Accordingly, the method comprises the steps of: a) providing a first semiconductor
substrate with a first impurity density of a first impurity type, b) subjecting the first

semiconductor substrate to a first thermal treatment to thereby reduce the first
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Advantageously, the method can further comprise an additional step e) of
subjecting the modified second semiconductor substrate o a second thermal
treatment after step ¢) and before step d). This will further reduce the dopant
conceniration of the first impurity type in the transferred layer. Thus, even if, during
the transfer process, a recontamination of the layer close to the surface of the first
substrate occurs, these contaminants can diffuse out during the second thermal

freatment before the provision of the iayer with the second impurity density.
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density reduction step b). This further optimizes the process.

According to a variant, the remaining part of the first semiconductor substrate
obtained during step ¢) can be reused as a new second semiconductor substrate
in a subsequent semiconductor substrate fabricating process comprising at least
steps c) and d). Thus, in this case, the remainder obtained during step ¢}, can still
be reused even in case it cannot be reused as a donor substrate again, so that no

material is spoiled.
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the n- type can be obtained in the final substrate.

According to a variant, at least one further layer can be grown on the layer
provided during step d) with a fourth impurity density, in particular of the first
impUrity type. Thus, a layer structure with a dopant concentration of the p++ type
(impurity concentration of the order of 10'®) can be provided on the n- layer, which

could be used in a CIS image sensor.

In the following, an advantageous embodiment of the invention will be described in

relation to the enciosed Figures.



the n- type can be obtained in the final substrate.
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Figure 1b illustrates step b) of the inventive method. This step consists in
providing a thermal treaiment of the semiconductor substrate 1 to reduce the first
impurity density in a modified layer 3 adjacent fo one main surface of the first
semiconductor substrate 1. The thermal treatment is carried out under a neutral
atmosphere, for instance under helium or argon, such that the impurity atoms can
diffuse out of the substrate as illustrated by the arrows in Figure 1b. Depending on
the conditions of the thermal treatment step, the temperature can go up to 1200°C,
with a duration of the treatment of up to several hours, a depleted fayer 3 of a

thickness in a range of about 100nm to 300nm is achieved.

Figure 2a illustrates — only schematically - the dopant concenfration profile
achieved for the structure illustrated in Figure 1b. Before the thermal treatment,

the substrate 1 has a fiat p-type dopant profile as illustrated by the dotted line 31.



impurity density in a nodified | ayer 3 adjacent to
one main surface of the first sem conductor
substrate 1. The thernal tyeatnent is carried out
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The next step, illustrated in Figure 1f, consists of attaching, here by bonding, the
first semiconductor substrate 1 to the second substrate 11 such that the dielectric
layer 5 and the modified layer 3 are sandwiched between the substrates 1 and 11.
By subjecting the bonded structure 13 to a thermal and/or mechanical treatment,
for instance a thermal anneal at a femperature of about 500 - 600°C, detachment
occurs at the predetermined splitting area 7 and thereby, at least a part 15 of the
modified layer 3 together with the dielectric 5, is transferred onto the second
substrate 11, This modified second subsirate 17 is illustrated in Figure 1g and the
remainder 19 of the first semiconductor substrate 1 is illustrated in Figure 1h. As

the predetermined splitting area 7 was inside the modified layer 3, the remainder



or glass substrate, with or without an additiona
dielectric layer (not shown) on its surface 13 are
provided (see Figure 1 e).gThe second substrate 11,
can also be a p-type or n-type doped substrate. The
next step, illustrated in Figure if, consists of
attachlng here by bondin t he rst em _conduct or
19 sl OTPHDE 3 remaiG BaE oncb Sum Sracied ier S HHiafech fed frs
impiHie HeRLIR | ayer 5 and the nodified |layer 3 are
"npsa gmﬁéh@d bet ween the substrates 1 and 11. By
subj ecting the bonded structure 13 to a thernal
L4 | $&af BdRICBkd, f
The 3ieind BAR 1Y, drte reTonguci Y BRaREET AR beichBeq, for
instahekamin@ising amdnmmgaandi/be amoétdbmgrsrnmedd bpl reusechgither as a
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agalgUkbEférﬁEesﬂbéeﬁubH Ybricatienl fun Eﬂllgldﬁrécﬂy Qtarﬂ&vttﬁ e step of

termned splitting area 7 was inside the
provirtinyy &i diglertaigdayes, 5 ondne tver ﬁ&é’? ag Il!uma?@tium IF‘EB-IS?rdP: dagase

the f’iln %g&l B* ?er0 74 'is frot ﬁ{ff‘ él%‘ﬂ fHPQ'rIe'mPQbh@é‘t%rn r%nv‘{hterblfbgéquent

uced The remai ni ng
run \MH sthrt tvith merthermaimeahndumtep ﬁﬂhﬂpm&es as dlstry d 1n Figure

| ed
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i ckness i 0
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the SHRFHLY 8b&sidan Wfl&@%eﬁﬁzoﬁﬁbbﬁﬁbﬁﬂsﬁdﬂe t1 hantthes BB Isufficient for
treatnment i"llustrated in Fls\%ﬁurel ain, but the

a plyralityed dabricatiem seawances asutusifated @.ﬁ'%ﬁ start wth
the step of providing a dielectric layer 5 on the
| ayer 19/3 as illustrated in Figure 1c. In case the
As itiistrted Sis Fmgurb a[ly,ea fulﬁh&nslauem 28U fthen emwdewk on-the ffansferred

Iaye(ﬁg tlffgq%' %de%ﬁcﬁg g?@%%gﬁq % i) r%ﬁﬁ cess as)atfftCiéAflnth This

layer bta%brta%re}@btem Brgmrr&)epltbmaﬁy kaib pregermbly mohoepitayialij egrown
se of the sem.co ctor materl a
on tha {ransigrsd 4G5 n% thigiest & ?VBPaily Bﬁﬁlﬁa‘?*’?wzfe‘fd“’%m
fabrication runs, but also the amobunt of process

steps can be optimzed. |ndeed, one thermal treatnent
Durigg dhe tasowilhg theoepitaxial layer 23 is subjected to a dopant treatment using

n-type impurity atoms, for instance phosphorous atoms, thus of the opposite type
compared to the first substrate 1. By diffusion or auto-doping, the transferred layer
15 will also become doped by the second impurity fype. According to a variant, the
dopant treatment could also be carried out after the growth of the epitaxial layer
23. Preferably, the growth and doping step are carried out in one and the same

tool, for instance an epi-reactor.

Figure 2b illustrates — only schematically - the corresponding dopant profile of the
final substrate 25. The second substrate can have any dopant structure, e.g. n or

p, but is preferably not doped. Furthermore, the buried oxide layer 5, is also not



the inpurity density in the first sem conductor
substrate 1 can thus be sufficient for a plurality
of fabrication sequences ag illustrated in Figure 1.
As illustrated in Figure 1i, a further layer 23 is
then provided on-the transferred |ayer 15 of the

nodi fi ed second supstrate ordin 0 step 0
dopad ai FUe. toriing Sayiapns 479 AHUSoRe PGS, g t-tJbe Shopant
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on the transferred layer 15. Its thickness is
the prepiooslyIpytype dored éygenowrhas arbn-&yRGAOPINSPTORGTTY h&nally layer
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to futhar; EguBa1InarR-BPe, RBPGoRIFEDIaTat 15 diisteial saver 15
Agafh3-th3r ﬁfe@:'i'nﬁmtwatﬁ}@ﬁt % Qufriedandt dPAENG Skepalaatnosphere, for
carried out in one and the sane tool, for instance
instaneedliumeR(@r@en. Figure 2b illustrates - only
schematically - the correspondi ng dopant profile of
the final substrate 25. The second substrate can
WitHuary depmingi dpanthessqopetaftes invegtiom ingteag of plattingswith a p-type

s N Gy EOER BTN R S e
alsoaB@rowitHi &d Llﬁtypa sthftngt matenial kot pdedogaiinal p-type substrate

concentratjon about 1014 at/cnB is observed in the
Con‘lpf'ﬁ'ﬁgft'é??e'éa"i'adi%\fe'"lS. Thus, the previously p-type

doped | ayer now has an n-type dopi ng property.
Finally lux?/ 23 al so has a do ant conc:gl&tglratl on of g
Accalsing tor@iurther varantafdne sanie @ 91&@6“ F GAMRE cEMgine
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treatnent step can be carried out betwee
is giawen o dpslayet a&wtht aiburth impibedensity. Ahgl faurih m.wrrty density
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of 10§ eﬁadfrﬁ em@uta sl_mﬂmatsahkmueecﬂd ot opdeglretrenic Applications, such

ce heliumor a t hout departing fromthe

as '%é‘ df“aﬂﬁesei"ﬁ?/reﬁ??(?%,%m% ‘ead of starting with a

p-type substrate 1 to finally achieve an n-type

doped final substrate 25, one can of co % ™
With this method, it is possible fo prevent contamination of a Smart Cut ™ p-type
fabrication line by n-type dopants (phosphorous) and, at the same time, high
quality n-type SOI substrates with an epitaxial layer for use in opto-electronics
(BISC substrates) can be achieved, as one starts with the better quality p-type

subsfrates.



al so start with an n-type starting material to

achieve a final p-type substrate conprising the

epi taxi al layer. Accordinggo a further variant of

the inventive enbodi mrent which can be conbined wth
any enbodi nent or variant alone or in conbination, at

| east one further Iayer&‘é_ré| own on the |ayer 23

with a fourth inpurity P’&{/ The fourth inpurity
density can, for instance, be of a p++ type, thus

with an inpurity concentration of the order of 1018
at/cnB. Thus, a substrate |ike needed in

0 le OBk i cat |

Bl "Ry G RonRlatr Bidie, Bh pariae o
pessicbhdudiar @ ieselatorcewhshtercarnpiising the SRS 6F Cut TV
p-type fabrication line by n-type dopants

(phosphorous) and, at the same tine, high quality

Nat ypgondingaiist sanizendidtbr subsépte with alfirstagpurifyatensgeof a
in opto-electronics (BISC substrates) can be

achi dU8ldMPHEY YRS st arts with the better quality

Pb.t Y REIbictHRS tth Fifst - sehficoridubloviBubbirdte dofeofi rsf dermantreagnent
a sem conductor substrate, in partijcular

seni dorberebyreducs theylirst WPUF§¥JB§F$‘B{t'€ wﬂﬂf@. IRy gfliacent
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substrate w first inpurity density of a first .
i apurtrangfaripg atbeastupprdally the rediffadr leyes sithcibadigduerd first

" ecudBPtfy Foriit' i o PR R isFale O ety oBEHF P modited

adj acgrbnd enbstratenaxdir f ace of the first seni conductor
substr at

e, c. transferri | east parti,al .
o rRrauingy & yanotng Nonseaat; Fvel b iiednea second
densiduhs@Bic0 in pakieD-r Sb&b%bﬁ@iiél, gtcﬂvthh@mﬂb)a gbt@idn irapurity
modi fied second substrate, ti%r ovi di gﬂaurlty?ype

on a dansiyPER sEEOTGRAUTEY twpﬁéi'flfﬁfamf dhe fist

substrate, in particular by epitaxial growth, with a
second inpurity density of a second inpurity type
dMitredeaccardingHe ¢lainstl, iwhsueint step ybds carried out such that the

transferred layer has a third impurity density of the second impurity type.

Method according to claim 1 or 2, further comprising an additional step e) of

subjecting the modified second substrate to a second thermal treatment after

step ¢) and before step d).
Method according fo one of claims 1 to 3, wherein step ¢} comprises:

f. creating a predetermined splitting area inside the first semiconductor
substrate, preferably such that the predetermined splitting area is inside
the modified layer with the reduced impurity density,

g. aftaching, preferably by bonding, the first semiconductor substrate to the
second semiconductor substrate to sandwich the reduced first impurity

density layer therebetween, and



10.

11.

12.

2. Method according to claim1, wherein step d) is
carried out such that the transferred |ayer has a
third inmpurity density of 1the second inpurity type.
3. Method according to claim1l or 2, further

conprising an additional step e) of subj ecti ng the

Poa BiRCTE B SXRH e Bof SR ediFapr mechanica

Vet hogeAagear dudto that @étacmﬁenﬂ 6dawbs bt tiee Predéiemened splitting
step c) conprises: f. creating a predeterm ned

splitPAg area inside the first sem conductor

substrate, preferably such that the pr edet er ni ned
splitting area is inside the nodified |ayer with the
rbf@trmijacmdungttp dee siftgjaimg. 14ethcHrthe), comerisipgpproviging a
b [
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"o oA Bor AP RS R By b of e

d%@@é\ﬁ%ﬁd@cﬁ@ﬂéﬁbsﬂtaté bbtanezdgirmgstaed) spleutéd ag a new first
area, 5. Method according to one q [
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Oarotcegs eaﬁbﬁé.ﬁg at RWE! stegs cybhdidy.educed i npurity

density. 6 according to one of claims 1 to 5,
wherein the remnai n| ng part of the first

S QIR gp&i&%}a ﬁ%ﬁy Pl% h 3t glh‘épélﬁ's@dbc)qé‘ EhRRd R RuEA tﬂaﬁ steps c)

reuse sem co tor substrate

sahd dpcanbe semiedand latiwst Mﬂo’m’heawﬁhtﬁtabepeﬁtngmjep b
process conprising at |least steps c) and d). 7.

Met hod according to claim®6, wherein step b) is

C MethRPa@idkdifged dnleadf @dimpst & 7, whereth trraarerfmanmgrparear the

out at least two tinmes WlthOUt eatin ste
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obtal ned during step é is reused as a new
semceamm@pmmg@baastas ps &) anddbsequent seni conduct or
substrate fabricating process conprising at | east
steps c¢) and d).

Method according to one of ciaims 1 to 8, wherein the first and second

thermal treatment are carried out in a neutral atmosphere, in particular a He

or Ar atmosphere.

Method according to one of claims 1 fo 9, wherein the first impurity type is a

p-type impurity and the second impurity type is an n-type impurity.

Method according to one of claims 1 to 10, wherein the first semiconductor

substrate is one of a Si, Ge, GaAs, SiC substrate.

Method according to one of claims 1 to 11, wherein the second substrate is
one of Si, Ge, GaAs, quartz, SiC, in particular comprising a dielectric layer on

one of its main surfaces.



13.

14.

9. Method according to one of clains 1 to 8, wherein
the first and second thermal treatnent are carried
out in a neutral atnosphert in particular a He or
Ar atnosphere. 10. Method according to one of clains
1to9, wherein the first inpurity type is a p-type

| R gocdhiind RE pREH Abib BTt K 12 il fetfacTnibl donsit

1R, inMter edriget b 0f3*161t° e st 1ih dhornsicm’ sarss theasecord anpurity

of a.Si, , As, Si.C substrate. 12. Methaod . . :
afeuHlyi ?{&Gﬁl& fgﬁ@ "B‘P”ETyaﬁ?%'t! are of P%e mg\eeci)rﬁe{,”g particutar in
SfOAfgs whebrfI'e 1d 5*100hatopds/&hd. Ce, GaAs, quartz,

SIC, in particular conprising a dielectric |ayer on

one of its main surfaces. 12 13. Method according to

0 g dot - i Irmt ati IBRSY b/ additional
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atayes mdthBa dogrth firopeily odensitirps rireyided exmis they laxae wWithethe third

third.i Jty density are of the sane order, in
pg?‘%‘ﬁ%ﬁg'ﬁg’ﬁyn the range of 0.5*1 014 to 5*1 014
atons/cnB. 14. Method according to one of clains |I to
13, wherein at |east one additional layer with a

fourth inpurity density is provided on the layer with
the third inpurity density.



