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PRECI SE OXI DE DI SSOLUTI ON The invention concerns a
nmet hod for dissolving the buried oxide |ayer of a Sed

W@ Segioeastiuct or - On- | nsul ator) wafer in order tRPCT/IB2007/055392

decrease the thickness of said buried oxide |ayer. The
i nvention also concerns a Sed fer obtained after

di ssol ving the buried oxide of starting Sed wafer
by such a method. A Sed wafer is understood in this

text as a wafer conpPREGIPE OXADEHPISSEEWTKN| ayer

made from one or nore sem conductor material (s), such
as silicon, - a support layer, and - a buried oxide
( BDKe ihegretionbedesens taheettdk forglissoreing ahd Buniedsoxigendyer of a SeOl

S E orAgC O s ARl & dB0i0 eFErseangnhiekbes of said buried
ﬁi?ib@ Ig’?%r‘. E‘P]gc%bgﬁti%g%%%ﬂc@‘ﬁé aB%éPLWa%F@&%i J U Missolving the

ayer nder st 0o uried aving a thickness
hiied okislel o ssstaHang SE0| wafepd@l suadf & netidd.h an UTBOX

| aye e becom terial of choice for nodern

el elies TpaPreiodd brbis s verhG HEPHERG or

MBD Y G Wdrﬂﬁgﬁi%@r r‘ﬁ’?&@rﬁ%rﬁ\"oh_e RHEBSEM|canaLclofPhatBRal(s), such as
di ssolving th OX of a starting Sed warer, 1n order

siicoim,i ng the thickness of said BOX down to a desired

val ue. SonF attenpts for dissolving the BOX of a Sed
waf &t SYRRALT [a¥E(&ed anneal ing the starting wafer at

OVEry %@’r@éﬁ &iﬁ@r(gg%?)g r ¥een éﬁé‘%rl@ﬁb %\}Ersan\ﬂ%g support layer.

therefore not a to an 1 ndustrial “processin
t hd heaheergionWepatsiule 586! didaptedsies peoduingp 8eOdwafers having a BOX

SRR 5 Sh e RSBON oot AR B  LTBOX ey
Dﬁﬂ@%i&i&é@a‘m}riﬁﬁ_ B@Xﬂ{j&@/“lﬁgj ahigkrwhitA® fessitha@B00 A.

at nosphere which is nade e.g. of Argon or hydrogen.
Th&eét avaferggwitb@n HdB8QX leyekiarg tsicomipg @ maiesialiof choice for modern

LA SRS BB 00,2 10, orer Lo Brevent the

A promising method for manufacturing SeOl wafers with an UTBOX layer implies
dissolving the BOX of a starting SeOl wafer, in order to bring the thickness of said
BOX down to a desired value.

Some attempts for dissolving the BOX of a SeOl wafer have requested annealing
the starting wafer at over 1300°C for several hours. Such attempts were therefore not
adapted to an industrial processing of the wafers.

WO02006/059586 discloses a method for completely dissolving the BOX of a
starting SeOl wafer. In this method the SeOl wafer is annealed at a temperature
which is preferably over 1100°C, in an atmosphere which is made e.g. of Argon or
hydrogen. The starting SeOl has a working Si layer which is thicker than 150 nm
(1500 A) in order to prevent the excessive formation of a particular type of defects
known as voids. This document therefore discloses potentially interesting information
for enhancing the quality of the wafers obtained.

However, quality issues remain to be solved concerning SeOl wafers having a
BOX which has been thinned by dissolution.

In particular, the Dit of the SeOl obtained is representative of the electrical quality
of the wafer obtained. The Dit is related to the interface trap density. It characterizes

the interface between the working layer and the BOX layer.
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known as voids. This docunent therefore discloses
potentially interesting information for enhancing the
w@e@bisor3df the wafers obtai ned. However, qual PEHIB2007/055392
i ssues renmain to be solved concerning SeO wafers
havi ng a BOX whi ch has been thi Qned by di ssolution. In
partl cular, the Dit of the Sed “obtained is
ﬁr esentative of the electrical qual ity of the wafer

aisnad obfe@ ¢f the évieatian da providee ai a@lity &20k rigpparticular with an
@%gavlégyg@nﬁég‘w G5 4 O BE R B dertoon as
amitohdem E12 pmovédd. a quality SeQ, in particul ar

B AR e bl B2 SebkiBach Se liage win o yie

&(?’n gt@l@vﬁtkﬁﬁ(&#l nﬁc‘]ué’ﬁﬁ?él'd%n@'it%ﬂsbe desirable to obtain,

ossi b fers with a yield conpatible
wi tths @odheri ogjectt ofi tAk ivwerdioni tongrovide @ snethod Her nanjuéatturing quality

f he i nv n to pr met hod for manufacturing

Sﬁgl it %%Wi?ygﬁ U%@d??v‘f @9 and a low Dit. Still

anshrn%hoﬂmr%ﬁe&foftﬁ@.nweﬁﬁéﬁ Ee) ;brévfd@ dafrfé\rh@tﬁmdmts%%panbm with
is coen{gatl le with high volume Sed wafer

ﬁ@hmaﬁ | water nranufeeidringhe present invention

P 81188 %at TR e h orer QRS 96N A ShO warer according

townerdlaigts. shal | be understood in greater detail in
readi ng the foll ow ng description, which is
illustrated by the following figures: Fig. 1 shows a

esg)gllél afqa@%gg'ogﬁ%ltdé‘tab %c’ljj\{b:rfgﬁn@ég‘og'?% tBH Shall tg)e understood in

greaer dethil n réadiag the follandng desq:rqcﬂbnywmch lsabtsstca‘ted g the following
&lésjseol ved BOX t hickness and etched Si thickness over a
Swaf er anneal ed at 1200 C for 1 hour, Fig. 3 is a

0 PEL SO 11 oK SR AR G epocaly omgen
dlsmmltr@edn Be0Imezfenudating anneal, sane | ocati ons of the

Fig. 2a and 2b are, respectively, maps of the dissolved BOX thickness and etched
Si thickness over a SeOl wafer annealed at 1200°C for 1 hour,

Fig. 3 is a graph showing the evolution of the amount of etched top Si in a SeOl as
a function of the thickness of dissolved BOX measured in the same locations of the
SeOl,

Fig. 4 is a graph showing the evolution of the thickness of dissolved BOX in a
SeOl as a function of the thickness of the top Si layer and the annealing time at
1200°C,

Fig. 5 is a graph showing the evolution of the thickness of dissolved BOX in a
SeOl as a function of the thickness of the top Si layer and the annealing time at
1150°C,

Fig. 6 is a cross sectional TEM image of an annealed SeOl wafer, showing in
particular the amount of BOX dissolved after annealing,

Fig. 7 is a graph showing the evolution of the Dit associated to a SeOl having
undergone annealing for dissolving its BOX, as a function of the BOX dissolution rate
obtained during the annealing,
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Sed, Fig. 4 is a graph showi ng the evolution of the
t hi ckness of dissolved BOX in a Sed as a function of

W@ b@opbiiskness of the top Si | ayer and the anneel/iB2g07/055392

time at 1200 C, Fig. 5 is a graph show ng the

evol ution of the thickness of dissolved BOX in a SeO

as a function of the thickness of the top Si |ayer and

the annealing time at 1150 C, Fi 6 is a cross

sebid. drisa N SRAYIDInGa earpBalBeesTiRnis Usehiwa igodel of BOX

afgsgm,ghwﬁog 5§1b Alpunt of BOX dissol ved after

anneal I'S a graph showi ng the evol ution of
t hEighia |saa$aimleagakiemmg ale8t@dal pavamgtanre dstrgotee from Pseudo-MOSFET
[ for dissolvin as.a function

%%%%a}elg’g%tét ia§80¢igted %gaétﬁé&%gufq%el$ﬁﬁjtlon annea(?lfngt Sr?der different

eNGRbANY, Fig. 8 is a table showi ng linear and
par a olgl]c coefficients used in a nodel of BOX
dISSO| ution in Argon anbient, Fig. 9 is a tabl e

erln electrical paraneters extrac from L .
LG é%‘%é'ayaifeér@nqagﬂeis%ana% FPsRIEEqnich is substantially
B%éﬂgfréé ssihuag an m&ggheﬂwowm@m@bﬁfcﬁrr@mogen or their mixture, and
condi ti ons. Annealin Sed wafer is carried out in

preferaphsiprare Avape withsOxygen eenteat pglowxl gem-f ree, such

m (et R S SR el s 3P My o GghER0D nm) e 9. i s
rNBOX disdolvtioch Rpoetermiridte bganggeh @alﬁﬁrt fsLgl the top layer and
thin top layer (inferior to about 500 nm

eyjporghen é@(ﬂdhgsﬁw‘i@@?oﬁathgr deane diffuséan W06Q93@§e wafer. Using non
{)ﬁﬁ&%ﬂ rhbieR 8&9&1 Qﬁé@,g%&?¥8ﬁ &ad evaporation from

e su ace, rat usion into the base
waiéth rdﬂsnem@enor’n:lgm i medlehobBEX disaolutionir@sgon ambient and at high
di ssol ution rat Wth heference to Fig. 1, a nodel of

BeeRLEs % Aesthed Pergafehnmbi ent and at hi gh
t eFREFALNY SeVetaldfoees RPN GIHRAH b6fine gﬂlé%lﬁo*?utﬁﬁvr%’té"in steady-state

processes Pi, which define oxide dissolution rate in
sorditignsst at e

P1. Diffusion of interstitial oxygen O; from the base wafer, which leads to growth of
buried oxide at the BOX/base interface

P2. Decomposition of the BOX at the BOX/top Si interface into O; and Si, which
results in Si epitaxial regrowth at the top interface

P3. Diffusion of interstitial oxygen through the top Si layer

P4. Reaction of O; with silicon at the top Si surface resulting in volatile SiO

Si + O; — SiO(g) (1)

P5. Etching of the top Si layer by residual oxygen contamination in the annealing
atmosphere, which competes with the reaction (1)

02+ Si — SiOy

SiOx+ 2 Si — 2 SiO(g) (2)

P6. Gas phase SiO transport through Argon ambient.

More precisely, in steady-state conditions the oxide dissolution rate is determined
by the slowest of the mechanisms of the oxygen transport from the oxide.

If oxygen is considered to be in equilibrium at the SiO2/Si interfaces and if
interstitial oxygen concentration at the interfaces is equal to oxygen solid solubility at
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conditions: P 1 . Diffusion of interstitial oxygen
Olfrom t he base wafer, which |leads to growth of buried

W@200d06@85 t he BOX/ base interface P2. DeconposiR¢DIB2067/055392

the BOX at the BOX/top Si interface into Oland Si,
which results in Si epitaxial ggrowth at the top
interface P3. Diffusion of interstitial oxygen through

the top Si layer P4. Reaction of Olwith silicon at the
theparmed dempetatyess precers Ph oppl ke neglesied. dndeedpflux of oxygen atoms

§’1 8rg?n§(fr3m)thg "_basgtsﬁBét'FQte% d%%?eatsﬂﬂ;e\ﬁ'ith Itl?ﬁ’(?e{ by

resi oxygen contam nation anneal I'ng

at m)sphere ch conpetes with the reaction ( 1) 2 (3)
@ S)p¥ 2 Si 2 SiQ(g) (2) P6. Gas phase SiO

transport t hrough Argon anbient. More precisely, in

st ehie diffusien Baxdi through thestopxSideyeliissohatantn rate i s

determ ned hy the sl owest of the mechanisns of the

0X glﬂELé_qugort fromthe oxide. If oxygen is (4)

consideréd to be in equilibriumat the SiQ/Si

t hiTerE Gor 9?%34%8@@5&%%5 sl 20 aSvBo I plighh Pal, 5. is the
ﬁ%l{?%s@'?ﬂ?@é %”%?5?{1 \§+€ C_RIi848S ibrshitiSPkyden conceptratlon at the top

negl ect ed ux’ of "oxygen atons Ji’-com n
Shsutiecsacasd bstheatase watdecnespectinvgelyi th time t @ ] -

[aﬁghm;agée%%r{' I@!@?togl ! ?cgk%nesg Io )épé)go%rg?ew @hﬁ’r s}ﬁ% %iat the flux Ja
bé‘ﬁé’f@??‘ fﬁa’naj 9@&?‘5@% EI bh¥edal @dOFBSW% %réia%o assume that

|con ness of top S
amMe@‘eco@iﬁldkmtlwlemmxuaitSarreg'rdvi/thl is dagtgamd '.noleatlimaitimg)lfactor of oxide

issplon Wnsflosedisasrnetion s SHapoase & D ipratuie gpta on oxygen
BRIMEHBAL RiNktiSs, 1 whars hPwvad abuhdetnbt Wikyded precipitate dissolution is
diffusion limited rather than reaction limited process.

Chemical reaction (1) is the first order reaction if the effect of residual partial
pressure of oxygen in Argon is neglected. So, proportional relation between
concentration of interstitial oxygen at the top surface C* and partial pressure of SiO in
Argon at the top surface P* can be written:

C*=KP* (5)

Transfer of SiO from Si surface through Argon can be described by mixed gas
diffusion and forced convection. The mass transfer coefficient k will depend on
geometry of the system, gas parameters, temperature and thickness of boundary
layer, which depends on local gas velocity:

J,=kP*. (6)

Finally, for each dissolved molecule of buried oxide one silicon atom is removed
from the top Si layer through evaporation of SiO. Thus, Si top layer will be etched
with the rate proportional to the BOX etching rate:

Adpox = (Nsi/Nsio2) Ads;, (7)

where Nsi = 5x10% cm™, and Nsioz = 2.3x10%? cm™. Taking into account that Si
atom flux can be expressed through top silicon layer thickness

J, =N, B (8)
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will be larger than Ji already after 1 sec anneal at
1200 C. We can al so assune that oxide

wQlewonpasdi ti on/epitaxial Si regrowth is fast apdI/IB00TOIS5392

alimting factor of oxide dissolution kinetics. This
assunption is supported by the Literature data on
oxygen precipitation kinetics, ere it was found that

oxygen precipitate dissolution is diffusion linmted
raﬁﬁ@rcqmﬁ'ﬁ'ﬂge%lﬂﬁws i(fh- f%d'eﬁﬂéc@sg'ﬁe@@m'&ﬂuat'on for the Si layer

{rﬁgg{é Qifh ﬂ'ue) Ilc}rpe first order reaction if the
ect

reS| partial pressure of oxygen in Argon
| ssnégBECt(@d 530 @roportional relation between (9)
cont;;g;rré Wer"stltl al oxygen at the top

surface C* antd partial pressure of SiOin Argon at the
top surface P* can be witten: C = K P*. (5) Transfer
of SiOfromSi surface throu h Ar on can be descri bed

by Wfieke do daditrlithiekness ghdhe yeivaich T dhand e igesd@ply equal to

KSTRIF Eaﬁﬁt?%ii%@@?&?@rm%h%@fe?ﬁﬁﬁeo B MhaSharpBiic model

bogmd@rA)g Layer ) whi ch depends on local gas velocity: j (10)
3 =kP * " (6) F)I nal ly, for each dissolved nol ecul e of

buwiitad OXI de one silicon atomis renoved fromthe top

Si layer through evaporation of SiQO Thus, Si top

| aygr Wlk kléCoet héd Wi the rate proportlonal to the (11)
BOX ekching N@te A bBx = (Ns Nsio2) As , (7) where

= 5x1 022 cm 3, and Ls/ 2 = 2,3x1 022 cm 3.
Tail'hﬂiﬁ iCAtlS Rechiimiting cesesitiomoxidex disgrlutiene Yyhers seass transport
0
Eﬂ?&%%g% |IehI Es%ésqua %I%tgérfg]ﬁr?g?é bé( |8te]r§NelToQ<%er’1)’ diffusion and

thef disselntiomrateds atversell propdrtioBal toaertop I8ithyeetsickhéds. In the other

the solution: d - d 0 2 , , ,
case of gas ftransport limited regime, the dissolution rate depends only on

temperature and local mass transport coefficient k*. According to this model, the
dissolution rate of the BOX does neither depend on the BOX thickness nor on the
base wafer material.

Fig. 2 to 9 show results from different experiments carried out to assess SeOl
wafers processed under different conditions.

300 mm commercially available SOl wafers produced by Smart Cut™ technique
were used. Buried oxide was prepared by thermal oxidation of the donor Si wafers in
atmosphere of oxygen with H2O, resulting in the bonding interface at the BOX/base
wafer interface. Interstitial oxygen concentration in the base wafers was
1.2x10"® cm™ as determined by FTIR spectroscopy with a calibration constant of
4.8x10'" cm™. Wafers were annealed in Argon atmosphere in vertical furnaces,
specially designed to reduce residual oxygen gas contamination. Four different types
of furnaces were tested with the equivalent results. Concentration of oxygen gas in
the exhaust was below 5 ppm during anneal. Annealing was performed at 1100°C —
1200°C for a time from a few minutes to a few hours. For all the experiments, the
same slow temperature ramps were used to minimize slip generation at high
temperatures. Thickness of top Si and BOX layers varied in the range of 500 — 5000
A and 150-1500 A, respectively.
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| (d- dB) | CO=01(9) 2Dt k't 2N si where dO is
initial thickness of the top Si layer at t = 0 and k*

w0 2009/06q1By equal to k/K. This equation can be PENB2Q#I55392

in the formof classical l|inear-parabolic nodel: d 2
si +tAdsi =Bt - t) ( 10) with A2 B - , t =d +d - (
1 1) * Nsi B There could be tvvg limting cases for

oxi_de di ssol ution. Wien mass transport through gas .
anbiAtshowst gaps efi S¥eingse ofifferencenpefete pypd after 1 hour annealing at

. > CEE et S |t
B 1085 S 870 L L 19 B borre o
thhekimgssas 1450 Aeand 660 A; asspadtivglys transport |inited

regime, the djissolutiogn_rate depends on] n.
{ ohpEKaest OfaliG [A/EE BHYE FPdraor e GOl iontvag measured by a
@%&% % cBEicté?Ii;%Brﬁet'éP.d@é da’éd“?%@'tsé%@hﬁ]h@ﬁ erdgfeee%?:fluéi&? were taken for

es nei ther depend on ness nor on
caeh hader. viatleeedayar inaldel with. standardodispensiarefuniction$ fanSi and SiO;

di fferent eriments carried gut to assess Se

Wap Red st SiSker artsay SaperERe e bR TaL saabespre analyzed by
RTPWE AR XRR gxarayakdfiecich) WhicBhfirrRr @rveletdy d®! Thickness of the
Cut (t techni que were used. Buried oxide was prepared

leyeth mipged day i thaseftechriques cagreedwaetr within the accuracy of the
get&ﬁgﬁﬁ%%re of oxygen with H2O, resulting in the

interface at the BOX/ base wafer interface.

| niteisstlebtlpl se@xny g thengiesslutdh af buridd@xlers ecv@tess 1200°C, when
was 1.2x1 018 cm 3 as determ ned by FTIR spectroscogy,
mtenstitdal iyosPdnitos ssbpkeignis Biressaurated 7Tkenpatterngapledissolved BOX

4R ﬁg@%@@hquéﬁc&’r&% ILAPRRISHifh BAcH PhdCahd with the distribution of
gas flow in the vertical furnace. Dissolution rate of oxide and etching rate of Si are
higher where gas velocity is higher indicating that the process occurs in the mixed
diffusion/gas transport regime.

Fig. 3 shows proportionality between dissolved BOX thickness and etched top Si
layer thickness. Each point represents thickness measurements for different wafers
annealed at 1200°C for different times, averaged at the positions with the constant
radius. The data fit very well to the straight line with the slope of 45%, which is the
ratio of specific volumes of Si and SiO3, as predicted by Eq.7. This points out that no
additional Si etching takes place due to the reaction (2) at 1200°C, indicating high
quality of annealing ambient.

A temperature above 1150°C is therefore suitable for BOX dissolution, and
preferably a temperature of 1200°C.

Experimental dependence of dissolved BOX thickness on the initial thickness of
the top Si layer is shown in the Fig.4 and 5 for 1200°C and 1150°C annealing,
respectively. Solid lines are theoretical fit of the Eq. 10 and Eq. 7 for the edge points
and dashed lines for the center points.

It appears that dissolution characteristics are better in the case of anneal
temperature of 1200°C than that of 1150°C. An also anneal time in the case of
temperature condition above 1150°C is more compatible with high volume
manufacturing of SOl wafers, and preferably a temperature of 1200°C.
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specially designed to reduce residual oxygen gas
contam nation. Four different types of furnaces were

w0 e@vech1vd t h t he equi val ent results. Concentr ap¢DIB2067/055392

oxygen gas in the exhaust was below 5 ppm during
anneal . Anneal ing was performed,at 11000C - 12000C for
atime froma few ninutes to a few hours. For all the

experinments, the sanme slow tenperature ranps were used
t oFAf RRAN z’i@ngailrpg g@ﬂ@?'@@ ithgh Sam%vajhepé@p&uéﬁmgnt A were used to fit

b FRECury, b, By ol B RIenE B8 FPukf ' P, 15798 account or

tHeoBO Xndissolation liucikgdesg dérmperatoreerdne,ahe data farf eamsh annealing time

2 &é‘?@BQ%‘:J@E @géf'lz f?%gp;r;’\r}%ngﬁki\f%?%ef?ﬁlgngﬁg@fg(apq@eﬁ but center
?ﬁ@gﬁ% e@g@%rﬁﬁg S?t me %ﬁﬁ@gﬂ(iﬁg/@b ditidhs YEesR with Wﬂ? same value of

re an er t I'ssol ution was measur ed
Begffa spectroscopic ellipsoneter. 49 data points with 5

hPSA B AR el st frp raQEer Lo Rosfler oapigract isotherm
f/éme&of@fﬁv@l cSEfHiamas Buérﬁ?dj A2 pﬁiﬁ%qfﬂweadéséwd@%doff Bé&ff de Beff/Aeff,

the spectra. Few sanples were zed XTEM and
(espesiivelgr pr boiding tims aohe temr@rawp%@ﬁmef gnigeal as Shown in the insert

B0 logkit hEXTEe B SLE NG e, S B2 FRELHFT s tineariy

IsSvélloeﬁtf the sged of watall BRhedsSothidiness dnipuRexliteXdfde fitting of the
occurs at 12000C, when interstitial oxygen in the

@ﬁ'@éﬁ@tﬁfsetqg@fﬁm\éﬂbmhSP@HICGHY%U%?f Braig %?S%nt@@dﬂ Gigd 8.
lﬁtq B@%@é Iuﬁc?ﬂ i‘ (Sﬁrét%@t\ﬁafé‘?réﬁg@els Illr‘Mté@ by the interstitial
eac f

er an strl but'i on of
bhmeredh‘ﬁuswn ihutheatoe. SuDayeothlmetlemteagxfeemerdeamden experimental

etching rate of Si i,gher re gas velocity is
@ﬂ'éqogrpﬂ Y#lHg C@mat Hg g&egé occurs in the nixed
d' AN é}?%tttﬁgwef Eeﬁt%g' vedh%%X ts\lﬁtﬁzﬁi\’ﬁjown dlssdolutlon resulting

pr OpOftI onalit etween di ss ess an
wt lipber Aojalgis (Aagzemter Naltiesed S0 Azolkd THIWA vse predgemvalues of 0 A and

BSOS R e SRS Ald Ly NG 005 re ecrease

BRSblutioNSrad tihdtlee SRS Hawh éﬁ’@'s\@mﬂa'é?ﬂl daédald WroYrﬁonffusmn limited
well to the straight line with th slope of 45% whi ch
fegimgebut still show a gas velocity pattern.

Also, initial Si thickness appears to have an influence on dissolution rate. The
thinner the initial Si thickness is, the faster the dissolution rate.

Fig. 6 presents TEM image of top Si/BOX interface of SOI wafer annealed in
Argon at 1200°C for 1hr. Roughness of the Si/SiO. interface is 2-3 atomic planes,
which is comparable with the roughness of SOI interfaces before the anneal (and
typical for thermal oxides). No crystallographic defect has been found in the top Si
layer or at the boundary of regrown Si layer.

Pseudo-MOSFET technique is very sensitive to interface quality of the top SeOl
interface. Therefore electrical characterization of the top Si layer and top interface
was carried out by a Pseudo-MOSFET technique.

This technique uses the particular structure of SeOl wafers to produce MOSFET-
like current transport characteristics. A bias ramp is applied on the substrate, which

acts as a transistor gate.
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ratio of specific volunmes of Si and Si 2, as predicted
by Eq.7 . This points out that no additional Si

wWer@bioeg3s akes pl ace due to the reaction (2) apCl/BR0OMS5392

i ndi cating high quality of annealing ambient. A

tenperature above 11500C is thegefore suitable for BOX

di ssolution, and preferably a tenperature of 1200C.

Exper i ment al dependence of dissolved BOX thi ckness on

t hdhehurieg 0xide sRiVES PSogaterxidepneitwpayeiallicsorehemapphied on the film

Bgteaézé rbe A % I O %BQQ%@Q&{%%O%% ﬂfﬁr?él @&%opﬁgé the device can

respec I VEly I nes are
Bq. opls@amnldaﬁmn - M@S ddhevedidge appiMOS aadsidmsh@tiel typieal parameters,

bl eBElon cabSl (biaris ABh SDhEred o Shingak ierace trap density
g FP% abdh§ apb th %fa 9&%@6{32%3 %ﬁﬂd Uan B eRrd&ed in a similar way

nnea time int case erat condi tion above
Ol 50Ig processed M@ﬁEETisI doni alh maaﬁmrambntse the source is grounded, the

uf act sal f er abl .
Biins Bietet e ot sl Ao PORy ROt i FRar edndh pperationand the gate
%mgé/@w)eusoéw@pt Roin dvftBWa%é aﬁcM\@lU%tiéﬁeﬁh\IéPsBM t&3€act majority

and center data. B and A are coefficients as shown in
fminotity) crariercetaracteristics hespestivelys chett ofosaraples nnearryl in different

bR s VBRI R) T Sl BV ERPET TN o ad5e"he clectrial

qoglity igfitretisteffeict @it oBeld redrotvncgnt\eilu@n &f edie apdi élestron mobility
for the sanme annealing conditions were fit with the

f. Bef |1 _kohe_anne
VQV%P@ éé&'lc#??oo fro%? tfhlesﬁégfs%suﬁ;_ %r;l%x bggzét’] Isoﬁéﬁ%glfansconductance
vaI ues of the coeff|C| ents B and A by plotting the

hdence , of ff ( ef f[Aef f i vel on

Y avng 15 eccrBepa’ 85 sk a5 I in(erSB Bf e Blibr&iholgh siope of the
|n the insert of Fig.4. The slope of the curve wll .
bpglbo) Ve Ve gune. dnteBacadia gensdlyde cglcutated frorm@ausing/thiesequation:
valid in the case of small etched Si thickness only).
Results of the fitting of the paraneters together with
the theorefical values of B are presented in Fig. 8 .
At 12000C di ssqlutio t BOX at the wafer edge is
Ilrntggd_m’t_t_he_j_m_e %TILFLE&LT xygen diffusion in the (12)
top Si |qy ﬂ((;fvs‘lotgho?x el I@pt |Agr eenent bet ween

exper i ment

where q is the elementary charge, kT/q is the thermal potential, Csi and Cox are
the film and buried oxide capacitance respectively. Fig. 9 summarizes the results of
Pseudo-MOSFET measurements.

Because the top surface of the Si film is not passivated during the measurement,
the extracted parameters depend on the top Si film thickness. Therefore, for a valid
comparison, results are given also for the equivalent wafers, which have not
undergone BOX dissolution treatment. The thinnest sample annealed did not reveal
transistor behaviour, indicating that the highest dissolution rate resulted in bad quality
of the interface.

Results of Dit dependence on the BOX dissolution rate are plotted on the Fig. 7. In
Fig. 7, square symbols refer to the measurements of samples with different Si layer
thickness and diamonds symbols refer to the measurements of control samples with
the same Si layer thickness, but without annealing.
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and theoretical B value calculated fromEq. 11. As
expected, at the wafer center, gas transport slows

Wa@lown/oahi13sol uti on, resulting in higher A val ueBCT/PB2007/055392

center values of 30 A and 1070 A vs. A edge val ues of
0 A and 236 A, respectively at 1200 C and 1150 C).
Wth a tenperature decrease, diSsolution rate kinetics

sl ow down and significantly deviate from
di FongPbaaMpis epute Abssissparesyiityal sResvtize gxgmples did not undergo

?ﬁy %gb%éﬂlng;a %r%fbrepr‘loslg())d ﬁ'llsgblﬁu?l'?'ratteg'agg %@%ﬁa@? p?ﬁ‘érfwere plotted to

uence on di Sso I on

ehge compagsordwithrsarkplies shatsndeheehteatreralinge
presents TEM i

S PR HiBoana e of. 1615 CoBHESeRfribal KUeTACo g8 Aatbity increases and
%%Qi%@%éﬁ?ﬁty crerﬂé%%fﬂ‘? r@hsih§ BSK q§sg?ut|d?1t ﬁ]ée,a\ﬁﬁllé 8nnealing time

atom c” pl anes, V\/nlc IS conparab
ooagionat of tfe dissolvad BOXseenbéd baee title emmeaffe¢taide could speculate

IR S higkPat B SOTGL maPseh ST iorDRT & &l RIS svsion ntertace,
batfdany BOXIRSHMibSHatt Betdw 0756 UisedVErRTE Al %Bﬂt‘y%feannealed SOl
is very sensitive to interface quality of the top S

siiveiufescds ToamErable evirt thec deferpacecwafersatwith Bft values below

1EER b Vo oy el oE Ut AEDARF §TIELILEL Qi St he warer s

paThefdfomy, astordriditccanbsSesd ofving emviention Ahe digselution rate is controlled
MOSFETI i ke current transport characteristics. A bias

foalpg ket afplimided Uﬁl%é'ngg'bgioﬁaqr@sv\ﬂmséw(hct s as a
tr ?H[‘s' SRt SRkike | T’W%nEUﬁ 'g%%sogﬂea%‘?ststﬁ ng?lf t&%te%cggﬂn‘éecould have to

wo netal l'ic probe m act
mutrmlaeahel dwwlmlonBateamdeh&) speadap ahr@lpdrwse are not
e operated a

2T o8 Keeinde (rsoind! 3/g) Cambaiia taib i il cpplications, the
ﬁ%%rﬁuﬁ%é%’é PR tiohky 59&1@@10&?@ ’besﬁﬂ'%ﬁlﬂ!c?%th c}ﬁd ﬁﬁg‘ B&solution rate

(S), Interface trap density
showd el keptalat do@ v \Acsaarm(ample; aajnssloth@mtnaae:be@w 0.04 A/sec is not
t,o ful

e ftranta MohdimBBeRiRgulinictne cisstli@nnrate shouid therefore

Bteﬂé@%l;ﬁbeﬂebpabm hes (208V) to insure |inear node
operation and the gate voltage (VG is swept from OV

t owgnificant Jaauctian oh b@rlﬁd@&g%ﬁblck@e@(t/\fﬂta@vt aag@datipn of the wafer

quality can be achieved by annealing of the SeOl wafers in oxygen free ambient.
Oxide dissolution rate is determined by interstitial oxygen diffusion through the top Si
layer and inversely depends on top Si thickness.

Generally speaking, the applicant has determined that the control of the

dissolution rate was obtained in the first place by controlling the following

parameters:
0 the control of the atmosphere under which dissolution is carried out, and/or
0 the control of the temperature under which dissolution is carried out, and/or
0 the choice of the thickness of said working layer.

When anneal is carried out in non oxidized ambient such as Argon with less than
1ppm oxygen (or more generally an atmosphere with less than 1ppm oxygen), high
rate oxide dissolution is possible and can be controlled by temperature and initial top
Si thickness.



(mnority) carrier characteristics (respectively)..

Set of sanples annealed in different conditions was
wore@sie@as by Pseudo- MOSFET net hod to assess t hRCT/IB2007/055392
el ectrical quality of the interface and of the regrown

Si. Val ues of hole and electron%ﬂ?bility wer e
extracted fromthe curve where is the
transconductance V , as described in. Sis taken as
t hMaravsesiselys aptieal @ide eigseludios) r@ﬂé% infArgae arpient ig controlled by
e t S
gétl &&%%ag tee|é1{1}5%5 lﬁ'g a %\?eg 1d1%@st ﬁna ?&Q&tﬁtﬂa%lﬁgl ftcgpﬁ)rgl thickness
bhwwg£15$ﬂqu2300ﬁh t her mal potentlal Csi and Cox are
the filmand buried oxide capacitance respectively.
Fig. 9 summarizes the results of Pseudo- MOSFET
nmeasurenents. Because the top surface of the Si film
is not passivated during the neasurenent, the
extracted paraneters depend on the top Si film
t hi ckness. Therefore, for a valid conparison, results
are given also for the equivalent wafers, which have
not undergone BOX di ssolution treatnent. The thinnest
sanpl e anneal ed did not reveal transistor behaviour,
i ndi cating that the highest dissolution rate resulted
in bad quality of the interface. Results of Dit
dependence on the BOX dissolution rate are plotted on
the Fig. 7 . In Fig. 7, square synbols refer to the
measurenents of sanples with different Si [|ayer
t hi ckness and di anonds synbols refer to the
nmeasurenents of control sanples with the same Si |ayer
t hi ckness, but w thout annealing. Control sanples
results abscissa are virtual since the exanples did
not undergo any annealing; therefore no BOX
di ssolution rates are available. They were plotted to
ease conparison with sanples that underwent annealing.
FromFig.7 and Fig. 9, it is clearly seen that
interface trap density increases and carrier nobility
decreases with increasing BOX dissolution rate, while
annealing time or anmount of the dissolved BOX seemto
have little or no effect. W could specul ate that the
hi gh rate of solid phase Si regrowh can result in
defects at Si/Siq 2 interface, but for the BOX
di ssolution rate below 0.06 A/sec electrical quality
of anneal ed SO
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structures is conparable with the reference wafers
with Dit values below 1E 12cm 2eV 1 . The | ower the

wW@raMadie®e i s, the better the electric qualityPCF/IB20€7/055392

wafer is. Therefore, according to an aspect of the

i nvention the dissolution rate j.s controlled to be

kept at a limted val ue, undeer.O6 angstrons/ sec.

Thi s aspect of the invention goes against the natural
tendency one could have to maxi m ze the dissol ution

rate in order to speed up the fr s. In order to

keep the dissolution rate conég#ggﬁg Wi th industria
appl i cations, the nmaxi mum val ue nenti oned above shoul d

be respected but the dissolution rate should be kept

not too low As an exanple, a dissolution rate bel ow

0.01 [ j WM TR i
it S or UsoRATE G il oY Bt Fheed) grafer in order to
geeeasalihg tHiekriesstof shal/euridd exidallayer, Shigrd@lowater comprising:
reductio?.of b%rijd oxidg %hickness Wi t hout. ¢ terial(s):
degr adaf i'YA ETKNGJayE DAIG (M CPC OLMYE SEHica)dyctgymaterial(s);

anpeal i agupporthgycpeshd waf ers in oxygen free anbient.
Oxide dissolution rate is determned by interstitial

oxpgen diburigdiaxide (BOXYlayenhbetgenghel wgrkingdager and the support layer,

<pElRRtprERRT I AR Aiebtitlod B EBRRRE. FRER B dver s controlled and

sentbrod belbwthoesdiysé@l ution rate was obtained in the
first place by controlling the follow ng paraneters: o

the control of the atnosphere under which dissolution

| S Hcagfdugol %Egr /tBrﬂQirﬁhP cﬁﬁ &8z it NRat said dissolution rate is
t enper at ur e under rch dissolution s carrred out,
amthensebta he abbee aboof 0.0hé\/sbc.ckness of sai d worki ng

| ayer. When anneal is carried out in non oxidized

anbi ent such as Argon with | ess than 1ppm oxygen (or

mewl inat MBSBAGr i egzirhh i in that i
oxggen), (?gﬁé(?cgtag@o@dg gi ?sr%&?éudt?rl]%nél%g ’pg(ghs%gﬁg}%%% in that said
dissolugon saterisicbatiolisd theapgh at ure and initial top Si

a1 R Elon b £tFidseogfit 1B 8ish il s Rlpd out, andior
t egper aher rRPvethklisthderafife sAHeEvhitt dissdlLBdn sOdarfed out, and/or

t hi ckness
0 the choice of the thickness of said working layer.

4. Method according to the preceding claim, characterized in that said

atmosphere is controlled so as to contain less than 1 ppm oxygen.

5. Method according to any of the two preceding claims, characterized in that

said temperature is controlled so as to be above 1150°C.

6. Method according to any of the three preceding claims, characterized in that
said thickness of the working layer is selected so as to be between 550 and 2300 A.

7. SeOl wafer obtained after dissolving the buried oxide of a starting SeOl wafer
by a method according to any preceding claim, characterized in that said SeOl wafer
has a Dit below 1E12 cm™@ eV,



bet ween 550 and 2300 A. CLAIMS 1. Method for dissolving

the buried oxide layer of a SeO wafer in order to
wale@omoeadas t he thickness of said buried oxide |BYEIB2007/055392

said Sed wafer conprising: o a thin working |ayer

made from one or nore sem conductor material (s); o a

support |ayer, and o a buried oXi de (BOX) |ayer

bet ween the working | ayer and the support |ayer, .

ch8r a®eel | wateri ACEPrding He e Jupoedipeg Flgine ehakagterized in that the

B4 01 iy EPREC B2l 4 Gl o200 .

characterized in that said dissolution rate is further
set to be above about 0.01 A/sec. 3 . Method according
to any preceding claim characterized in that said

di ssolution rate is controlled through : o the contro
of the atnosphere under which dissolution is carried
out, and/or o the control of the tenperature under

whi ch dissolution is carried out, and/or o the choice
of the thickness of said working layer. 4 . Method
according to the preceding claim characterized in
that said atnosphere is controlled so as to contain

| ess than 1 ppm oxygen. 5 . Method according to any of
the two preceding clains, characterized in that said
tenperature is controlled so as to be above 11500C. 6
. Method according to any of the three preceding
clainms, characterized in that said thickness of the
working layer is selected so as to be between 550 and
2300 A. 7 . Sed wafer obtained after dissolving the
buried oxide of a starting SeO wafer by a nethod
according to any preceding claim characterized in
that said SeO wafer has a Dit below 1E 12 cm2 eV 1
.8 . Sed wafer according to the preceding claim
characterized in that the thickness of its buried

oxi de layer has been reduced to a val ue bel ow 200 A



