1 METHOD FOR RECLAI M NG A SURFACE OF A SUBSTRATE The
invention relates to a nmethog for reclaimng a surface
of a substrate, wherein the ‘surface, in particular a
silicon surface, conprises a protruding residua
topography, in particular resulting froma | ayer
transfer process typically conprising an ion

i npl antation step, a bonding step and a detachnent
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insulator (SO) substrates. During this process, two
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: | Ilustrated in Figure 1, which corresponds to a regi on
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- and again used in the Smart Cut™ type process as a new donor or handle substrate. The .
Smart Cut™ type SOl fabrication process has a significant economic advantage due to the
recycling process. Indeed, the process provides an optimized use of the raw material for

instance silicon wafers.,

The negative has a characteristic topography representing protruding residues 119a and
119b in an edge region, as illustrated in Figure 1, which corresponds to a region where no
layer transfer occurred due to the shape of the edge of the initial wafers 103 and /or 101.
- The surface of the negative 117 between the protruding residues 119a and 119b has a first.
inner region 121 at which detachment occurred to provide the fransferred layer 111 on the -
handle substrate 109 and which has a rather rough surface typically close to 60 — 70 A RMS



The surface of the negative 117 between the protruding
residues 119a and 119b has a.first inner region 121

at whi ch detachment occurred?to provi de the
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region 121 needs to be reduced and the protruding
resi dual topography 119a & 119b needs to be renoved.
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~ of the protruding residual topography 119a and 119b. Finally, to obtain a suitable surface
roughness on the front surface of the remainder 117, a chemical mechanical polishing step

(CMP) is carried out.

Even though, it is possible to obtain a recycled substrate with the described reclaiming
process which can be reused in the Smart Cut™ process, it is an object of the present
invention to provide an improved reclaiming process that no longer needs the double-sided
polishing step to reclaim the remainder of the donor substrate. Indeed, the DSP process
~ step has the major disadvantage that, during polishing, up to 10 pm (5 ym on each side of
the substrate} are removed to get rid of the protruding residual topography 119a & 119b.



roughness on the front surface of the remainder 117, a

chem cal nechani cal polishi ng step (CWP) is carried

out. Even though, it is possfble to obtain a recycled
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st optim zes the polishing step b). Preferably, the _
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polycrystalline phase, one can take advantage of the faster deposition of a material
deposited in polycrystalline phase'compared to the growth of a crystalline phase. This

renders the method according to the invention even more effective.

Advantageously, step b) can comprise a chemical mechanical polishing (CMP). instead of
- applying the DSP method with a total material removal of the order of 10 ym (5um on both
sides), the invention only needs a CMP polishing during which only up to. 1 um of material
~ are removed. Due to this limited material removal, a donor substrate can be reused more -
| often while remaining within SEMI standards concerning material thickness and geometry.



nonocrystal line phase and the filling material can be
in a polycrystalline phase. As with respect to
polishing it does not mat t er whet her the material is
in a nonocrystalline or polycrystalline phase, one
can take advantage of the faster deposition of a
material deposited in polycrystalline phase conpared

to the growmh of a crystalline phase. This renders
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materiz fexidgleardhe fisst epptanaldsiicarynpri se depositing, in
particular in a reactor using silicon precursor(s)
such as silane (SiH4), disilane (Si2H6), Si3HS,...,
Advantageoudiy,| the rgbstéter ¢aal berartamged exmhathattcerringl thefdepbesition step, the
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partially,gecessible B e famoyal a9egt. exanpl e, be an oxide, thus
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Accordingde reperand rreferrast Yasiant.ithe prefruding tepagsahy ean eeprise a second

layer of diBhd thateRs, fith bakiciBl Hitddh &34l | G in particular on, the first layer
wherein the filling materiai providing Step can comprise depositing the filling material only on
the non-protruding areas, using the second layer as a mask. Indeed, the filling material
deposition can be selective, depending on the choice of the precursor(s) used in the reactor.
For example, dichlorosilane (DSC: SiH,Cl,), TCS (SiHCls), SiCly can be used to obtain a
selective deposition. In particular, without deposition on the protruding regions covered by
an oxide, whereas deposition is obtained on the non-protrudihg silicon area. In this case, the
- second layer on the protruding topography plays the role of a chemical mask which, due to
its chemical propertiés, prevents the deposition of the filling material on its surface.
Advantageously, this variant can comprise an additional step of removing the second layer,



Advant ageously, the substrate can be arranged such
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Preferatﬂv rduethgostepds) @t leatich tRICRAESS corr€SPREng Idlgtl’féeﬂmﬂdnbtsﬁgaf the first
he filli,ng terial gs well as the renoval of t

layer @@cbﬁderweiﬂ) {THES: Kl 88T PHtryding dopparritie 's FRBGVEheand a flt

reclaim@disiraRes @btdifed. O Wnere the protruding topography is
present, does not -play any particular role.

Advant ageously, the second | ayer renoval step can
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According to a preferred embodiment, the method can further comprise an edge polishing
step to remove an ion implanted region in the chamfered edge area of the substrate. This
. additional step helps to further improve the quality of the reclaimed substrate.

- The invention aiso relates to a substrate according fo claim 15 which comprises a base, an
ion implanted region as well as a non-ion implanted region over the base, in particular in a
edge region of the base, a first layer of a first material on the ion implanted region, and a

~filling layer of a filling material on the non-ion implanted region. Such a substrate can be



Preferably, during step b) at l|east a thickness
corresponding to the thickness of the first |ayer can
be renoved. Thus, the entireeprotruding t opography is
renoved and a flat reclainmed surface obtained.
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FRERE1 By BRspS Sniin LR RS SR B St i ant ed
region, and a f||||ng | ayer of afilling material on
PR 98 BB oL S oS B L By S oherein he

ofide ldyer bbtherekidhdilis 68ed8s atppRsichmaBik@ndt ready for
reuse in a Smart Cut TM type application. Preferably,

the first material can be in a nonocrystalline phase
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Figure ba rlﬁrsﬁgteassscﬁeﬁ]g%calﬁ/ a remamder £1d of a donor substrate which has been used

in a layer transfer process like, for example, the Smart Cut™ process described further

above in relation to Figure 1. The remainder 21 illustrated in Figure 2a actually corresponds

to the negative 117 illustrated in Figure 1.

The reminder 21 thus comprises a base layer 23, like for example silicon or germa}aium.
The surface in the edge region of the base layer 23 carries a protruding topography 25a and
25b. Like already disclosed in the introduction, this protruding residual topography 25a, 25b
“is the result of non-transferred parts due to the edge geometry of the wafers comprising a
chamfered region. The protruding topography in this embodiment comprises a step-like
residual first layer 27, here silicon or germanium and a second layer 29, here a silicon oxide
~ or a germanium oxide. The second layer also extends over the side edge 31 of the base 23
and the backside 33 surface, thus opposite to the side with the protruding residual



Figures 3a - 3e illustrate a second enbodi nent,
wherein the oxide |layer plays the role of a chem ca
mask. Figures 2a - 2e illustfate a first embodi ment
according to the invention, wherein the oxide |ayer
of the remainder is used as a physical mask. Figure 2a
illustrates schenatically a remai nder 21 of a donor
substrate which has been used in a layer_ transfer
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rate. Thereby, the planarity of the surface after polishing enables a wafer bonding to be
“carried out. Nevertheless, using a touch-polish or a mirror-polish 'may further reduce the

roughness.

In this embodiment, the thickness of the polysilicon material layer 37 essentially corresponds
to the one of the step-forming first layer 27. The thickness of layer 37 shall at least represent
50% and at most 150% of the first layer 27 so that the advantages of the method as
.described later on can be achieved. ' |

Figure 2c illustrates the result of the subsequent process step which consists in removing
_ the second layer 29 on the protruding topography, on the side 31 and on the backside 33.
~ This leads, at the same time, to the removal of the filling material layer portions 39, 41



silanes (SiH4, Si2H6, ...) The filling material |ayer
37 wll be renpved together with the protruding first
| ayer 27 later during the pr8cess, so that there is no
need to provide an epitaxial growh. To speed up the
recl ai mng process conpared to a nonocrystalline or
epi taxi al deposition process, the CVD process is
carried out such that an anorphous or polycrystalline
providedypathe segeqdiyee i theHirshandsecartd pregrutlingl topggnaphy régibn 25a and
ol i shin roperties
25b as%?“ & Sn?ﬁdg?'da%%fﬁﬁéégé%?sghe fi rstg ﬁat gri al. This is
in partlcular the case when the filling material and

t material are of me chemi,cal nat
The rehfiial, bt gt seont s Bbrhenaerisva ) Bidd st Sppafen the second
layer i@BHicbh @doJWmHFﬂmtlﬁ &S usstalto rORees ﬂﬁthbx@5a ﬂ'@l-ﬁ?%th leads to the
occgur ﬁj#let antlal at the sane renoval

consUMRRTLRNOMAGRURIAS. B 4 Thandalsp deaasorEAt gl ffesh gagoeming the
filling rﬁﬁﬁablbﬁ%é‘e‘%ﬁé?foiﬁﬂfegh nSeé&ntQ@ ﬁLer bRfnRig tog;:)gra(g)hy %Sa and 25b

verthe ess, usmgatoc- amrr
and thesjde. (rhenpart of dhe 'ﬂﬂénatﬁﬂﬁlglﬁlﬂ%fs§7 nqsntlpne@ démbtb)d ondhe base 23 is

howevé fiot ?ff&}i?&%i ! 4 HENRRSh f‘élln%uﬁ g%tcg“ al layer 37

esse r'responds of the
st ep- forn1ng first Iayer 27. The thickness of |ayer 37

s meifihen figyer T AlES e evat dirdmiat esParorifisd fbche poakside 33 of

substrate 2dridoat tied BF siutivarcdpeeffediively eftackitigel bridd ®f the second layer 29.
he result of the subsequent process_ ste

instead,pt ERACKIE e Xt Ve i bagsidend I8 Grursenglep Possble ichiet the acid

attack PaGhé WiHd)In WHRGOERRNY had'to bRenzLAR) Bkt ap ﬂaa@f‘atp’éﬁ of the side of the
backside 33. This leads, at the same tine, to

substrate hag dhe exide ik the sacong lawer onithe sugges- portions 39 41
8 provided on the second layer in the first and
second protrudi ng topography region 25a and 25b as
After thellift-off the bhse A3ddh8ifirst layes Dasd the. pmitedingrboypigraghy and the

vk GG 60, BERERRT B e g 250, 25

remainllizé lshown s Etjure 2cenove t he oxi de. The HF bath leads to
the consunption of the oxide |ayer 29, 31 and 33 and
also leads to a |ift-off effect concerning the

As a né)d't |stépﬂ @nrﬁ%ﬁpcﬂlbhmb ek it iRQhY piibt 8ANs CARRLBOIEE reMove, at least
protr E to o?ra phy 25a and 25b  and_the side

partlaﬂwﬁbe ﬁ'&‘?ﬁp%'f firshlayer gy iatgherpretryding teppsrapity %@%lzﬁ%mmg this step
some rRAteRSI5 Y rehiteB 3R e laferal edge 43 and on the chamfered portion 45 on

the backside. The structure obtained after edge polishing is illustrated in Figure 2d.

‘Then a polishing step, preferably a chemical mechanical polishing (CMP) step is applied to
remove layer 37 together with  the remaining first layer 27 to obtain a reclaimed donor
- substrate 47 ready for reuse in a layer transfer process, like the Smart Cut™ process, like

illustrated in Figure 2Ze.

During the polishing step, actually not only layer 37 and the remaining part of the stepped
first layer 27 are removed but the material removal goes beyond both layers to thereby also
remove an area of base 23 which carries defects due to the ion lmplantatlon In total, a
- layer thickness of about 2000 — 12000 A is removed. '



however, not affected by the HF bath and remains in

pl ace. As nentioned above, the filling material |ayer
has not been provi ded on t he9backsi de 33 of substrate
21 so that the HF solution can effectively attack the
oxi de of the second |ayer 29. |Instead of attacking
the oxide via the backside, it is of course also
possible to let the acid attack via the side, in
which case it has to be ensured that at |east a part

o Rl B, 1041t RS AR Bon st

47 carbbe ech®ved whith rﬂdﬁlisl ally the gtandardshfer pe-oise ljnliangemiconductor process,
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- can bearine)Farrith sohéE sl bep of eydies Betofes Becames doe iy n addition
the gebm)éﬂﬁl é’f7th@f sub3eral, Gh fpé@ﬂldiﬂhﬁ ERRSFARG Mhe Farfaddlut W&h Mdnding will
hi s steg sone material is also removed fromthe

occeur, F'%Ft’ bedereeRstant: and on the chanfered portion 45 on

t he backside. The structure obtained after edge

polishing is illustrated in Figure 2d. Then a
Figure&béﬂl@l&enlgti@taép a peaingr abydimert afitbalinventivametabd for reclaimsng a

sutoc P34 BB b Ty 3B i obiR GBI UBCbTXGfR, comonsos
protrudirertesiduatitopogaphysubst rat e 47 ready for reuse in a

| ayer transfer process, |ike the Smart Cut TM process,
like illustrated in Figure 2e. During the polishing

Figure 3ta%igalrﬁﬁmgﬁéﬂe¥ th@substtate |26|y1©r be3fediifhetings %\ﬁ@ﬁﬁﬁﬂ iIRGtrated in Figure

of__the ste ed first er 27 are renov but
2a, but %@0 b figure - \sﬂsﬁcrgjzs'@a qfe's%ﬁaa*@o% anaytssr@em@nts will thus not be
f bLi es
oo e L ey s

| ayer thickness of about 2000 - 12000 A is renoved. 9

The diﬁ%%gﬁ%é%ggﬂ?ﬁg‘iﬁé qtlr&g A& delbn 'érﬁﬁocﬁmﬂ%ﬁe[}{atr}ﬂé fifly material is

a rec al med - subs
depositedhisingeal different kind 6f prbsess. | Whieesamt inrbia ficd efrirodineents®eprocess was

* chosenl g BRLAIRE KOS A RAET e P B TR B bt 21, evcon
the bagkeides3s, nige Bécoﬁdﬁ@rﬁbﬁdlmerﬁ propuks laeprocesd thﬂim tie second layer 29,
thus thcgC ggl%gjgy%r g ﬁergnmﬁcﬁ m g{%e%qga%gp e@;g E@éggltdg layer 29 is
a cherfR&Phfaskt s@ﬁfa@mﬁné QRpbbitiBn dithadiling' MBterial 51, again polycrystalline
silicon, the deposition only occurs on silicon terminated surfaces, thus directly on base 23

between the protruding areas 25a, 25b.

Figure 3b therefore only illustrates the filling material 51 directly on the base 23. This kind of
deposition is achievable using a CVD process based on silicon precursors alfowing

- selective deposition such as dichlorosilane (DCS), SIHCIs, SiCl.

Subsequently, illustrated in Figure 3c, the oxide of the second layer 29 in the protruding
regions 25a and 25b, as well as on the edge 31 and the backside 33 of the base 23 is
- removed using an HF bath, like in the first embodiment. The filing material 51 as well as the
~ first layer 27 remain on base 23. | '



the geonetry of the substrate, in particular
concerning the surface at which bonding will occur,
can be kept constant. Figures 3a - 3e illustrate a
second enbodi nent of the inventive nmethod for
reclaimng a surface of a substrate, wherein the
surface, in particular a silicon surface, conprises a
protrudi ng residual topography. Figure 3a again
illustrates the substrate 21 to be reclained, as
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substrate 21, except the backside 33, the second

enbodi ment proposes a process wherein the second | ayer
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he second layer in the protrudin regi ons 25a a
tool, in mh@@aubﬁtra SQﬁS'ﬂW@eﬁbG@é sibstiaie h rback3| de 33 of
the base 23 is renoved using an HF bath, like in the
first enbodinment. The filing material 51 as well as
While theéeecond emblodipment Il'asrtbaaameoad\lwm&&omm}ared to the first one, namely

. that no ?#_Eé%?éiﬁ@%ﬁ b%‘i;sh@{;gr frﬁiggs Er?étierﬁ%i ol){alk % aFE éﬁst q 8f“"9 ﬁgn be replaced by

a simplei mmbal)meclﬁum Ppolisting isal thbt sstrhateliall ierremovddiufidg reclaiming

oy 350 L, e T o) G e nraso

as the W@feﬂ@ééﬂ Be Fé&cled in a batch type process.

In Figures 1 to 3, the edge region is not illustrated true to scale compared to the entire
substrate 21, 101, 103. For illustrative purposes only to show the impact of the geometry of
the edge leading to non transferred regions, the chamfered regions is indeed represented in

an exaggerated way.



final reclainmed substrate 53 as illustrated in Figure
3e. The edge polishing and CVWP steps correspond to
the ones of the first enmbodihent, the descri ption
thereof is therefore incorporated by reference.
Conpared to the first enbodi nent, the second

enbodi nent has the advantage that no |ift-off process
step needs to be carried out, as the filling nateri al
51 is only deposited direqagﬁuon the base 23 in the
non protrudi ng areas. Thus®! Bing the depositing
process al so the backside of substrate 21 can be

ex‘ﬁ)osed to the precursors, as anyway no deposition _
Mgthed fecraghainmma: asusiice ofp? ssbalraten wheeeib 4be siugiace, in particular a
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that no doubl e-sided polishing with its materi al

renoval of at |least 10 pmcan be replaced by a sinple

bfgﬁg@%ﬁjn&qﬁg%ﬁé&@l polishing so that |less material is

uring reclaimng (only up to about 1 pm, it
has the additional advantage that the throughput can
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substrate 21, 101, 103. For illustrative purposes only
to show the inpact of the geonmetry of the edge
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substrate, wherein the surface, in particular a

silicon surface, conprises a protruding residual
Methipslgaegstgingita glaim ilcon 2r whesgin tthe dirstr material lismjrem monocrystalline

PR o BRGF epa R palcs iR ke 7S of °

Method according to one of claims 1 to 3, wherein step b) comprises a chemical

mechanical polishing (CMP).

‘Method according to one of claims 1 to 4, wherein the thickness of the layer with the
filing material is in a range of 50% to 150% of the thickness of the first material, irr
particular in a range of 80% to 120% of the thickness of the first material, even more in

particular corresponds to the thickness of the first material.

Method according to one of claims 1 to 5, wherein the protruding topography
comprises a second layer of a second material, in particular SiO2 over, in particular on,

the first layer and wherein step a) comprises:



10.

1.

2.

13.

a) providing a filling material, in particular
silicon, in the non-protrudLﬁg areas of the surface
of the substrate, and b) polishing the surface,
wherein the filling material and at |east a part of
the protrudi ng resi dual topography are polished
sinultaneously during polishing step b). 2. Method
accqrding to claim 1, wherein the first material and

3lh e dEPPETY IRehAHCUR’ I} @ ESRAIOr URIRE @ HAVIGOHI PESSHFRPri Rven more in
st eﬁbﬁbulﬁﬁ%ﬂhﬁescgiﬁhﬁmth%' 'flbrn?t mbthﬁi&%?tﬁ@%hdr%?enai of the

thod according to claim 2, wherein the first
rrat @fqtralr:hngstomraphbﬁa@ ﬁ@%ﬂ@'ﬂﬁprﬂ@dlﬂﬂﬁ@ésand t he
filling material in a polycrystalline phase. 4. Method
according to one of clains 1 to 3, wherein step b)
adiontanmeing thecsmaonddayemarchtherrelat abthiei stmia imEeChB)fillirg. material over

e of clains 1 to 4, wherein the
th.@%ﬂo@g&gpgw%gﬁw with the filling material is
in a range of 50%to 150% of the thickness of the
i.[S rtic in a range of, 80%to
Mesfiid aRotriBo i <Magreih ther pytsrale [T angedesiih $9f during step
allnthdJ%ﬁa@é“sﬁfe eppESREPRN d%e strhbe With ﬂ'@?}‘i&rlﬂmﬁﬁ tI_Spolo%y remains

material. 6. Method according to one of ai s
thBO'EBtalﬁbf@"r‘éfthetf'ﬂiéggﬁ‘ﬂ@iﬁﬁﬁldl ng topography conprises a
second | ayer of a second material, in particular Si Q2
over, in particular on, the fi rst | ayer and wherein
Mﬂﬂmd @ccersing ite eene 1of claims tletooSi twingrein mhqaavrbtrudthgrtopography

oot A3l TP o o s BB S S, o prvcter
os gheffidstiatee and lwhereinlstep ay cdmprisesy t opography and the

non-protrudi ng areas, a.ii. renoving the second |ayer
and thereby at the sane tine the filling material over

ahhedgporitihgdin gattieniad imahieactor Udiid @%llﬂ%ﬁ%r@bﬂﬁ;o? @illowmg selective
claim 6, wherein the substrate is arrang

durdeRpstionp evan imorenip RarticHaE @?’H‘éméﬂm& ($léfz%) ttﬁe ﬂnng material
SUrdrag 8n'\thd Ao Bﬁatﬁromg* 4dag gué.agmégéeohawé?%s bRt

a layer of the filling mate
Method according to claim 8, further comprising a step a.2. of removing the second

layer.

Method according to one of claims 6 to 9, wherein step a.ii or step a.2. comprises a de-

oxidation step using in particular a HF bath.

| Method aCcording to one of claims 1 to 10, wherein during step b) at least a thickness

corresponding to the thickness of the first layer is removed.

Method according to claim 11, wherein, during step b), the material removal goes

beyond a region with implantation defects.

-Method according to claim 11 or 12, wherein the matenal removal isina range 2000 A

to 12000A.



14.

15.

16.

8. Method according to one of clains 1 to 5, wherein
the protruding topography gyprlses a second | ayer of
a second material, in particular Si02, over, in
particul ar on, the first layer and wherein step a)
conprises: a.l. depositing, in particular in a reactor
using a silicon precursor allow ng selective

itio ven r arti ar dichl.orosil
l\@?qqg cril hg Q Ope of © ﬁéj’"ﬁﬂﬁ@ﬂi%ﬁ‘ﬂh%FWB@'?%@n edge pollshlng step to
réiﬁ@v@émdmmmté@ Rstfion WS4 BBamfSed %age @réaﬁb’ﬁhe%&b&rate
mask. 9. Method according to claim further
conprising a step a.2. of renoving the second | ayer.
t , [
Sé'tg%t{,ﬂg dlb%l 1 ﬁ'@é P88, 5!‘? |&Fﬁ?@égf§dgieg§n6%§x IR/ atalsﬁﬁf)ﬁ ih implanted
regiom QV¢rr1th§al:rase;:m mrtlajlaiFlrbm ledge regivk ot basm radfinsy Iayer of a first
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iohi implanited szgiors renoved. 12. Method according to claim
11, wherein, during step b), the material renoval goes
beyond a region with inplantation defects. 13. Method

sabsifdtdi aotding tai ¢l 187 whbrenhgicefirst trhgteRalt BY itk monocrystalline
renoval is.in a ranPe 20001- to 12000,. 13 14. Method

phaseorn 1he filnagnatesal ipjapoly crystallingphage: her conpri sing
an edge polishing step to renove an ion inplanted
region in a chanfered edge area of the substrate. 15.
Substrate conprising a base, an ion inplanted region
as well as a non ion inplanted region over the base,
in particular in an edge region of the base, a first
layer of a first material on the ion inplanted
region, and a filling layer of a filling material on
the non ion inplanted region. 16. Substrate according
to claim15, wherein the first material is in a
nonocrystalline phase and the f||||ng material in a
poly crystalline phase.



