Met hod for Manufacturing Conmpound Material Wafers and
Correspondi ng Conpound Material Wafer The invention
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material wafers, in particular silicon on insulator

type wafers, conprising the steps of: a) providing an
initial donor substrate, b) formng an insulating

| ayer over the initial donor substrate, c) formng a
predeterm ned splitting area in the initial donor
substrate, d) attaching the initial donor substrate

onto a handl e substrate, and e) detaching the donor
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transferring a |ayer of the initial dpnor btrate
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waf er. The invention furthernore relates to a conpound
material wafer, in particular, a silicon on insulator
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e ssw cost s e way to satisfy the above
tmher?é’r?t’ W%’Z‘Ufﬂﬂ‘é’%nts is the so called Smart-Cut(tn)
type fabri cation process in which a |layer froma donor
substrate is transferred onto handl e s
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excedstvercnseed several tines. I't appeared, however, that -
’ fromrun to run, the crystalline quality of the
transferred | ayer deteriorated. As a consequence a .

One %8y tt@idatiSinAerabove mentioned requirements is the so called Smart-Cut™ type
fabrication process in-which a layer from a donor substrate is transferred onto a handle
substrate. This is achieved by bonding the two substrates and detaching the donor substrate

at a predetermined splitting area, which has previdusly been formed in the initial donor
substrate. The predetermined splitting area is created beforehand by implénting atomic
species, like hydrogen or rare gas ions into the donor substrate. This approach has the
advantage that the donor substrate from which a layer is transferred from fabrication run to
fabrication run, is reused several times. It appeared, however, that, from run to run, the
crystalline quality of the transferred layer deteriorated. As a consequence a certain number

of measures have been proposed to overcome this problem.



of neasures have been proposed to overcone this
probl em JP 101 14176 proposes additional process

WO bRM904bd ke polishing the donor substrate, toptEEMYER/000131
the surface step at the edge of the wafer. This step
Is present after the transfer of a |ayer onto the
handl e substrate. Then a second fi ni shing polishing
step is carried out before the remai nder of the donor
substrate is reused as a as a new donor substrate in a
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conceming the number of possible reuses of the donor substrate is the step of forming the
insulating layer over the initial donor substrate. As already mentioned above, it is a key
requirement in the fabrication process of compound material wafers to realize the advanced
structure at reasonable costs. Therefore, the formation of the insulating layer generally a
thermal treatment, was carried out at high temperatures exceeding 1000°C as, with the high
temperatures an increased oxidation rate was achieved which resulted in a high throughput.
The temperature was only limited by the difficulties to control thickness and uniformity over A‘
the surface of the wafer in case the oxidation rate was too high. The typical upper limit for
the heat treatment was therefore set at about 1100°C. By choosing such high temperatures,



The tenperature was only limted by the difficulties
to control thickness and uniformty over the surface
wobooshenssmf er in case the oxidation rate was teor/m206s/000131

The typical upper Iimt for3the heat treatnment was

therefore set at about 11000C. By choosi ng such high
tenperatures,the insulating layer was forned in about
15 mnutes to 1 hour. Now according to the invention,
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The low’ temperature regime [so allows to ease the fabrication of the initial fresh donor
wafer, since it is possible to use donor wafers of reduced crystalline quality which can still be
recycled at least three times. This is because the crystalline quality is less deteriorated by
the low temperature oxidation process. This is particularly true for large diameter wafers, in
- particular for silicon wafers having diameters of 300 mm or more, for which it is more
complex and costly to achieve the necessary crystalline quality enabling at least three

recycling steps.



wafer, since it is possible to use donor wafers of
reduced crystalline quality which can still be
woessmbedo at | east three tinmes. This i s becausect/m2008/000131

crystalline quality is | essydeteriorated by the | ow
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Preferably, the thermal treatment.can be carried out such that the HF defect density of the
transferred layer is less than 0.1 defects/cm?, in particular, less than 0.05 defects/cm?, in
each manufacturing run using the initial donor substrate and its subsequent remainders. HF
defects occur after dipping the compound material wafer in a HF solution edging away the
oxide Iayer naturally formed on or in the transferred layer. Actually HF will form holes in the
transferred layer at the crystalline defects. Dependlng on the size, the holes might extend -
_ through the transferred layer down to the buried insulating layer underneath. As these HF
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using the same donor substrate, at a suitable level.

The invention furthermore also relates to a compound material wafer according to the
features of claim 10. As the underlying fabricatioh process can be controlled with respect to
the HF defects it becomes possible to provide compound material wafers from reclaimed
donor substrates with HF defect densities of less than 0.1 defects/cm?, in particular, less
than 0.05 defects/cm?. '

The invention also relates to a reused donor substrate achieved in carrying out the methdd

as described above.



the crystalline quality can be controlled, it is now
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substrate, at a suitable level. The invention
furthernore also relates to a conpound material wafer
according to the features of claim10. As the
underlying fabrication process can be controlled with
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. compaungrvargfses of materi al conpound wafers. Step | of the

i nventive method consists in providing an initial

donor substrate 1, in this enbodinment a silicon wafer,
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In particular, hydrogen or rare gas ions |ike helium

-are inplanted under predeterm ned dose and energy
In StERMIcbH885onding to step ¢) of claim 1, atomic species 5, in particular, hydrogen or
rare gas ions like helium, are implanted under predetermined dose and energy conditions
through the insulating layer 3 to create a predetermined slitting area 7 inside the donor
subétrate 1. As can be seen, this predetermined slitting area is essentially parallel to the
main surface 8 of substrate 1. Eventually, implanting using one species is accompanied by
a second implantation of a different species, wherein the first species may be helium and the

second species hydrogen.

Step IV consists in providing a handle substrate 9, for instance, a silicon wafer.

in the subsequent Step V, corresponding to step d) of claim 1, the donor substrate 1
together with its insulating layer 3 is bonded to the handle substrate 9. Bondihg occurs such



through the insulating layer 3 to create a
predeterm ned slitting area 7 inside the donor
weuhslov@le 1. As can be seen, this predeterm nedr/iB2008/000131
slitting area is essentially parallel to the main
surface 8 of substrate 1. Eventually, inplanting using
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Oncd ! HERSTBRES, the @@h&@h@dnwéiers €dn b& &¥alddng rédedsitd/Hiknkys to the final
consisting in polishing and/or cleanin i ke known in

desired dhigknass aaudtto IREQVet ittt faseradghnass: t aﬁq@ﬂw%@pe@}den comprises
formé%n@ﬁrégh@ﬂﬁ{ges@é to reduce its thickness to the final
kn

ss and to inprove its surface
roughness. This finishing operatlon conprises for

In th%@@éfﬁgﬁgt ?g? ?13 ggégstllﬂé %)rc’euser}hé BF %L?Js\}\ﬁr%eav\olﬁﬂtﬁutv@&eﬂgﬂ}e additional

reu & Uonor Substra
stepsetot gt sidvad oad@tiuaedhaloxygapprec:pltgtes to iadolefahie lavet iRsiselveas possible

0 en precipitates to a t Reuse was
for masUeRor BicR deieESleb St whiR ficRRe ey faer IREER 6% pr the derects,
but Wd¥ Iﬁhmﬁ'ﬁﬁvd ar th@ée tihmis, bbgorsd that tdo trlaﬁy dﬁff@m Wer@@bserved in the
was limted \M?orthreetlnri?é ondthat to
final §Q4>Pfa‘é'4<‘é§>tl§ Rﬁéﬁ' bOE MALRFS; With g?u etees, '%P@HGH{% diameters- of -

300mM d?ahbreC WrakhitrR it IWfﬁélﬂt éh@ I%t)stiny‘!”og&JtaFPHI ﬁ.ﬁﬁé:&ﬁtscryétalhne quality for
particular dianeters of 300nm or nore, wh

allowing fecyeing chte denar wafers ahpt &aﬁt%ﬁfﬂeﬁm ent cryst aI I | ne
quality for

It was surprisingly found out, that the decisive step concerning an improvement of the above
described situation, is step Il, the step of forming the insulating layer 3 over the donor
substrate 1. To keep the throughput of the SOI wafer production at a satisfactory high level
and to allow sufficiently thick insulating layers 3, the thermal treatment step to create the
insulating layer 3 was carried out at temperatures close to 1000°C or exceeding .it. Now,
according to the invention, this step is carried out at lower temperatures, less than 950°C, in
particular less than 900°C, preferably at 850°C or less, as the result of which a decrease in
HF defects compared to the conventional method was observed, however with a negative
effect of increasing the layer formation time. HF defects occur when the SOI wafer 11 is



all owi ng recycling of the donor wafers of at |east 3
times. It was surprisingly found out, that the
wolems®dMey st ep concerning an inprovenent of thecEEES/000131

descri bed situation, is step Il, the step of formng

the insulating ayer 3 over the donor substrate 1. To

keep the throughput of the SO wafer production at a
satisfactory high level and to allow sufficiently

dipped lintolani HE wiolutiongvhicty eiches awayidhe imaturally grovat sikson dioxge layer and

Cot i NS t] C [
wnicr{ Bt DS AT Mo bBY Biscion CBEE i Bfirubstate 1 car
now rmcmmsé'drvg ltastt theea times :'amh in paiteutdr divei 1o teartimes] Eutthermore, no
| ower te erature ss t han 950 ar.ticul ar
furthef GRiA RIACIUBGE, S TL LB T 8Bt R th ek Bricref B8 necessary.
This co@stehbeightswhe ﬁb?é\tlv@ﬂﬁfpﬁéﬁrﬁ‘ thédrigef RyeEfosmeadiPames. t o -
t he conventi onal nmethod was observed, however with a
negati ve effect of increasing the Iayer formation
The aEt‘nE@emEﬁt &Qﬁ@%v%nﬁ’&? Wan’{é‘ﬁ'ﬁhéthﬁs% iﬂ@ésﬁ’éle%&céﬁf’ bQPtﬁ@ compound
an HF sol ution et ches away the natural
mater@i mfersnantﬁeotudn@prwss é}dé*ﬂ thatdheuneghtivesimpact of ﬁ&Y%\ precipitates

leadlngdgfﬁ%fé&%%@g;beﬂ@%@nbﬁrigzscfhgf {‘rsadv H{ regﬁitqr%ﬂgferred layers 13

of reducddithickaedsesutar bei previdedt elm pameelarﬁulbebemasrmssmm to prepare

transfértrjéci)g?/re[qoﬁ%%n p%gec:l rslh%i%tgi@qcf {%déj CVII d @gérssg\%yvma?ﬁtpgﬁ&s of less than
1000 ﬁﬁué\v@f MeMoBésort siltbsﬁ@@@ﬂ whichngrecteuséd titvetheothipe fittayeeven tenth
formation times. The .achi evene

- time. {yg(q/the; $afpe reasag, Hdﬁ,%gQﬁlﬁé ttgfpé(g\;'l](?% Ir&\éfatmggayers 3 with large

| thlcknéﬁé&%ﬂﬂ)uﬂEFe%ﬁthb MR ofBBfeCRCHYRe fEinSeRE8 $6yeP Whith would render
negat | ve | mpact of oxygen precipitates

the SQlewafeny! upus#bleleneparticuarn inselatinglayess 3 wrtnraythickpgss of at least 1000
r RUSS rs 13 of
A,in pfa oéuibgdwwlggﬁlhesses&f%ghu{)e proglé'gg% dr?%ﬁpartl cular it
becorres possi bl e to prepare transferred |ayers 13 °

e BBblind BB Pel PR B ST PER S el voament st

to forrd lﬂlb@trfsataaag ]aydec:b paeferathsmdeﬂmut ahéhe same terhpértaturenn each run.
even

HoweyRie SPBTANGGIoLS SR 1S ISk PR e G Aot {is IFagigife during each

manufaBtLﬁlKQ ?9$98 p‘drttchwtto%l@@th@mn@pémmﬁ@froﬁf rudab g, sas ifwas observed
the transferred | ayer whi ch woul d render the SO, waf er

thatthfjgf awiiicats ef the $ize the ox¥gen nrecipitales lyvarsffersrug iy a
t hi ckness of at |east 1000 A, in particular, vvith a
t hi ckness of about 1450 A can be grown. In t h
Usingathev abevementietded npwentive netiogoradinvgnbes eheQl nW@fﬁf @qamples were

t feQr,
ropafeiyd B U2 T e d 0T AbbEAL A wBrang o e i
art prdoesp Goatparativenexaauiies)u Mhe Heswitvafithis soopadis o ist itusdrated in Figure 2.
variant, it is also possible to adapt the tenperature
"~ during each

The examples accordlng to the invention were fabricated using a donor wafer with 16 old
ppma interstitial oxygen concentration and were oxidized at 850°C to form a 1450 A thick
silicon dioxide layer. lon implantation was carried out with hydrogen or a mixture of helium
and hydrogen at a dose of about 10" to 5 x 10"® atoms/cm? at an energy of about 10 — 100
keV. The silicon -donor wafers were then bonded to a handle substrate and heated to a
temperature of about 500°C for about two hours, to split the donor-handle compound at the
predetermined splitting area formed by the implanted hydrogen or helium species.



manufacturing run, in particular, to raise the
tenperature fromrun to run, as it was observed

wo haustob@sgr owt h rate of the size of the oxygenpCrT/iB2008/000131
precipitates lowers fromrun to run. Using the
abovenentioned inventive nethod, a nunber of SO wafer
exanpl es were prepared and their HF defect density
conpared to wafers fabricated according to the prior

Deper@\’r{g Bh A€ FRplaARITBATeHery\e th¥ araRsREled 1AYer 18iddt a Qlﬁlcltd”éss of about
npari son |s illTustrated in Flgure 2. The exa

1000 /&é@aaa@ﬁg S@b&%enﬂw&ﬁmﬂa!m fta® dopak sePsiite 5;xvas polished to
removggﬂ%égﬁgﬁ%n an a"e’%ég’gﬁp izeﬁ'c ﬁé‘hé’z%‘%ﬁmeé O‘faﬁh}dato planarize the
surfacd450 A thick silicon dioxide layer. lon inplantation

was carried out with hydrogen or a m xture of helium

and hydrogen at a dose of about 1016 to 5 x 1016
The deddimRAREs der@mhanesgaated Gafroes ahd thel@8ukiny. SOhwafer, thus, the

ovend b S DL R 4 SRS g Stored e
thlcknéé%H?@KBHO AVWVR, §8rdhd.exbfmpiPivas ptdiaré® Mothelvantl way with a transferred

npound at_the predetermned splittin rggarea fornme

layer 1t3hfé'qkﬁﬁ$$aﬂft@9 iR Biirdogxamle M’ﬁﬁé’ﬁ%‘éﬁ Wﬁg"ad%t thinned
he transferred | ayer 13 had
toatréﬁ%ﬁe’@hg&t tlThR"IRBg%}?éfgil%ﬁoO"!{\A to 3000 A Subsequently
t he renmai nder of the donor _substrate 15 was polished
WA
asterwefis TETFSe bRm B gk Senieldi8 o i WDieBeas ket
The descri bed steps wer e t hen repeat ed 6 tines and the

The coiiratis Seruties Jeik PRITHENY BEGHRE e L Pl edcbotion thatthe
silicon (dicxit layérererrhagery probésdwes sarfigd olit &508°CA second

exanpl e was prepared in the same way with a
transferred | ayer 13 thickness of 500 A and a third

Flgureez("f‘lml Bu e@'ﬂ?é’?és%ms'tﬁatt WereS afMeV@Y afiet tHehHFnﬁfé’atFrfénﬁ Flgure 2

transferred |l ayer 13 thickness of 400 A Afterwards
illustrateise theh sedacsx afphe dransfesres Igyets @adt 8s :Can- bgesea sthere is a clear

. r o T I I @ of
moro B CSGETng P GARHEIFLSUTSHIILE S B HRATAS nas been
formedsal lowdempemkirde (850/€). f or mati on process was carri ed

out at 1000cC. Figure 2 nowillustrates the results

that were achieved after the HF treatnment. Figure 2

Even fol knesvemttiein finae devicé dm@rsfthe ireventieen sfethodlldves tesrepetitive use of
as can be seen, .there is cle I hpr ovenent .

the dopghadhsiially RFPaiqubt 2iews Tads Jap SP0F SHOSIHte /s Iggst three times,

more mxw@iawbamé tha@nbeass f Phewdintder| shwelgapas ahen emly #miled by the

remalnlng thlckness of the reused donor substrate, which shall of course be sufficient to still

ensure the mechanlcal stability of the donor substrate.



Even for the very thin final device |ayersr the
inventive nethod allows the repetitive use of the
wolomenomsbst rate, in particular, allows to usep¢/E2008/000131

donor substrate as |least thpoee tinmes, nore in

particular five to ten tines. The nunber of reuses is

then only limted by the remaining thickness of the

reused donor substrate, which shall of course be
Claimgficient to still ensure the nmechanical stability of

t he donor substrate.Cains 1. Method for manufacturing

conpound material wafers, in particular silicon on

1. imatwoatior rrtamthotmfr@r@ommmrmsmgl aferstiepsarticular silicon on insulator
provi di ng an initi donor substrate (1) , b) formng
t

a\tﬁp‘i’H@fﬁr GHLPISRE e(sﬁpsover the initial donor
substrate ( 1) , ¢) formng a predeterm ned splitting
area in the initial donor substrate ( 1) , d) -

at a@m\ﬂ@}nﬂﬁeIlﬂlhaltdO@IOFE'e)t?ﬁBfrat%Oﬁstrate onto a handl e

) Lol et BfioTayen B8 PR e 11 BORHaURREIL P
to)gn fcﬁrg?gg ag)radétalymneq sal)ttm{ anegerg mar initial dmmcsu.lbst:;ar\tﬁ1 (; ),
S roatatnais Pl abRE sUBREHE Py LRBbB Bhe® REY
la)suldetadnmd myéafonbﬁbubﬁra‘t@mmi thy preddterniimed spir@igranea (7), thereby
o | HEUSEAIGS ehE1D)§6 Biscntar dansi supstale (Beie tag andie substrate

| eSS(Q)Zto fOfph B%ﬁdbﬁnﬂwéﬁéﬁwférng conpound materi al
waf ers according to claim1l, wherein the nethod is

repeated at least three tinmes, preferably five to ten

t'é??asract’ég%emﬁrtﬁ%fq the remai nder (15) of the initial

donor substrate is reused as initial donor
substrate (1) in the subsequent nmanufacturing runs. 3.

acbgﬁrgsqll&rqggg % @ﬁsﬁfohﬂ&%fﬁ%@#@ﬂ%ﬁa@w% %%Vﬁéc? Eﬁt at a temperature
I ayfeess(thém 958%C an plrtickize essdiharl 900° CA posfefathysat 860°C orless.

Met hod for manufacturing conpound- material wafers
according to one of clains 1 to 3, wherein after

2. mﬂéthwmrﬁarﬁuf&ctnhﬁ@wm §umpmaterm mrérwub@ﬂnr@qucﬁamng wherein the
and anneal in t he transferre

A R A R ﬁ've;éﬁ ndimes apd

achieve a layer thickness of 6000 A.

wherein the. remainder (15) of.the initial donor substrate (1} is reused- as initial-donor -
substrate (1) in the subsequent manufacturing runs.

3. Method for manufac;turing compound material wafers according to claim 1 or 2,
wherein the transferred layer (15) has a thickness of 1000 A or less.

4. Method for manufacturing compound material wafers according to one of claims 1 to 3,
wherein after carrying out finishing steps, in particular polishing and annealing, the
transferred layer is further thickened by epitaxial depaosition, in particular to achieve a
layer thickness of 6000 A.

5. Method for manufacturing compound material wafers according to one of claims 1 to 4,
wherein the interstitialloxygen concentration in a fresh initial donor substrate (1) prior to



5. Method for manufacturing conpound material wafers
according to one of clains 1 to 4, wherein the

wo Dioghsdsdd | al oxygen concentration in a fresh pai/iB2808/000131

10.

11.

donor substrate (1) prior tiethe first manufacturing
run is less than 25 old ppma, in particular |ess than
16 old ppma. 6 . Method for manufacturing conpound
mat eri al wafers according to one of clains 1 to 5,
vthe Miestrmahefatiuengelintis dadgrean 25 okhuppived i9Wartidigdr leb&tthan 16 old
the HF defect density in the transferred |ayer is |ess
ME-0.1 defects/cn®, in particular |less than 0.05
def ects/cm 2, in each manufacturing run using the
initial donor substrate ‘((%; and its subsequent
RHRPS fRsmaanufagturing caepef materizhwaless 8Geerdinade mrewiglaims 1 to 5,
'Wﬂe?élh "th?"fﬁér‘?ﬁaﬁ RCRABEA &gcérﬂeerb%t %Lcﬁ'tﬁét’@ull-lﬁode%ct density in the

wherei n from manufacturing run manu rin
ttnaesierrgallayerng lasgytban 03) def@cfsmrnzem partigular (msrthan 0.05 defects/cm?,

0
35 S8 ThithFacttng Y, e RO BIeT oSy RBafiteyt 7 &Mt s subsequent
semainderswdber and the insulating layer (3) a silicon
di oxi de layer. 9. Method according to one of clains 1
to 8, wherein the thickness of the insulating |ayer

(VBthosfortmareaadtudiPoripour Mafekiarwhfs é@&#&mé‘f@@néof claims 1 to 6,
%V%.g[ﬁ(ﬁtr‘rrgound materjal wafer, in particular silicon on

M MAPTAGHITER, rup 46 MapAfacirigcHndN® insuistingdayer (3) is formed

%E&lhfgr#, &tafiget o one of claims 1 to 9, wherein the
HF d enS|ty|sIessthanOldefects/cer in

parti cul ar -l ess than 0.05 defects/cn2 in- the

MJ ek %%o?giﬁé%ecfne c]flclalgfas d%%Feiﬁ’ %es it GoRBF 81k te (1) is a

od "accor
silicon wafer and the insulating layer 3) a silicon dioxide Iayer

Method according to one of claims 1 to 8, wherein the thickness of the insulating layer
(3) is at least 1000 A, in particular about 1450 A. - ‘

Compound material wafer, in particular silicon on insulator type wafer, fabricated
according to the method according to one of claims 1 to 9, wherein the HF defect

_density is less than 0.1 defects/cm?, in. particular-less-than 0.05-defects/cm? in- the

transferred layer.

Reused donor substrate obtained during the method according to claim 2.



