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WO 2005/057639 PCT/IB2004/004326 SURFACE TREATMENT FOR
MULTI-LAYER WAFERS FORMED FROM LAYERS OF MATERIALS
CHOSEN FROM AMONG SEMICONDUCTING MATERIALS This
weeniigmsreldates in general to surface treatment of multi-layecwaderst/ 04326
formed from layers of materials chosen from among semiconducting
materials. More precisely, the invention relates to a process for 5
treatment of a multi-layer wafer with materials having differential thermal
characteristics, the process comprising a high temperature heat treatment
step that can generate secondary defects. Note that a "wafer" means a
structure that may include 10 one or several layers. Thus, a multi-layer
wafer is such a structure that contains several layers. And the wafers
concerned by this invention are wafers comprising a thin surface layer
(made of a material such as 15 silicon) for applications in
micro-electronics. Remember that the useful layer is generally a surface
layer of the wafer, on which components will be created. WO
2005/057639 PCT/IB2004/004326 2 This layer must be very good quality
and free from defects. The term "differential thermal characteristics" will
be explained below. 5 In the case of a multi-layer wafer, the different
layers may have been associated with each other by any type of
technique known in itself (layer transfer, gluing, epitaxy, etc.).

SURFACE TREATMENT FOR MULTI-LAYER WAFERS FORMED FROM LAYERS
QF MATERIALS CHOSEN FROM AMONG SEMICONDUCTING MATERIALS

This invention relates in general to surface treatment
of multi-layer wafers formed from layers of materials
chosen from among semiconducting materials.

More precisely, the invention relates to a process for
treatment o©f a multi-layer wafer with materials having
differential thermal characteristics, the process
comprising a high temperature heat treatment step that can
generate secondary defects.

Note that a "wafer" means a structure that may include
one or several layers.

Thus, a multi-layer wafer is such a structure that
contains several layers.

And the wafers concerned by this inventicon are wafers
comprising a thin surface layer {(made of a material such as
silicon) for applications in micro-electronics.

Remember that the useful layer is generally a surface

layer of the wafer, on which components will be created.
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For applications in microelectronics, it is frequently 10 necessary to
perform heat treatment of the wafer - for example heat treatment

designed to improve the surface condition of the surface layer of the
Warepusofiaming by sacrificial oxidation. Surface treatmentsParEIBES04/004326
known involving a high 15 temperature heat treatment. The term "high
temperature heat treatment” in this text denotes a heat treatment in which
at least some phases are carried out gt temperatures of several hundred
degrees, for example exceeding 750C for silicon films in a silicon 20 on
Quartz (SOQ - Silicon On Quartz) structure. Note that this high
temperatureshensd reatmant delinitienis rtcabsalkbeiitis simplyrgiven from
thg Qntext of this text, and it can cover other temperature ranges

outside the context of the invention. 25 This type of heat treatment can be
carried dit® aderilingto e R tRapidFHEdal ArkeadiRgy heddesfor aill
lingited Lip1e: (ofthererdsy of a few seconds to a few minutes only). WO

2005/05zg39tEgT/CI;BgQO4C{QO4326 TA mode_ s not letatl ef ggent

ut
the invention is appaﬁcable to gny%l't;%grlty%ey of higha%rﬁbera?l?re ea
tréaieit. Foy exavsplectiis aype ot tieed trektmern thay Hee 5 Sppliedtd-yoe

wafers copeeraed byhanvention; Farexample,dhis typenafiaeat gi1uing,
treat%ent magtbe )intended to modify the structure of the wafer, and / or to

im‘aﬁgr%vg‘}fﬁé surface condition of the wafer.

For applications in microelectronics, it is frequently
necessary to perform heat treatment of the wafer - for
example heat freatment designed to improve the surface
condition of the surface layer of the wafer or thinning by
sacrificial c¢xidation.

Surface treatments are also known involving a high
temperature heat treatment.

The term "high temperature heat Lreatment” in this
text denotes a heat treatment in which at least some phases
are carried out at temperatures of several hundred degrees,
for example exceeding 750°C for silicon films in a silicon
on Quartz (SCQ -~ Silicon On Quartz) structure.

Note that this high temperature heat treatment
definition is not absolute: it is simply given 4in the
context ¢f this text, and it can cover other temperature
ranges outside the context of the invention.

This type of heat treatment can be carried out
according to an RTA (Rapid Thermal Annealing) mode, for a

limited time (of the order of a few seconds to a few

minutes only).
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For example surface treatments involving smoothing 10 annealing are

also known. In particular, this type of annealing lowers the surface
roughness of a surface layer of a semiconducting material (for example
BiEhvasiusiiapn) to values compatible with specifications in fefg@Bota®04326
semiconducting 15 industry. Thus, one process well adapted to this effect
in the case of a surface layer of silicon, consists of performing a

smoothing annealing on the wafer comprising the layer, under a reducing
atmosphere and, particularly under a 20 hydrogen atmosphere) at a high
temperature (that may be more than 950C - for example 1100C).
"Smoothing arm@alimgds thusrdefinednais-beinge anndaliigecarnedratiion is

ungler a reducing,aimasphere at high fempgature -,.and more precigely at
a t%%perature of the 25 I%rder of 9506/% more. Smgoothing %nﬁeﬁ%g IS Bat
th(r& &2 pafticular form of high temperature heat treatment. This type of

annealingegan &esearried outfar a trptatively long dime {fosxaanple pkthe be
Ofggwﬁ;%o £HOHES). WO 299310 Jé@f%'%%‘%%?( 04826 4 It can also
be done iIn RTA mode at a very high temperature (of the order of 1100C

or more); $6r aS#aRRIGH of Bety sB¥BRds 16 a & Mintres BARL TThRaypePe
of anneating momﬁtﬁﬁfghet&@rfm%me:e‘s wafemhdt _maLS,o Gu® S0MBe to
B SR o e, D e of

For example surface treatments involving smoothing
annealing are also known.

In particular, this type of annealing lowers the
surface roughness of a surface layer o¢f a semiconducting
material (for example such as silicon} to values compatible
with specifications in force in the semiconduciing
industry.

Thus, one process well adapted to this effect in the
case of a surface layer of silicon, consists of performing
a smoothing annealing on the wafer comprising the layer,
under a reducing atmosphere and, particularly under a
hydrogen atmosphere) at a high temperature {that may be
more than 950°C -~ for example 1100°C}).

"Smoothing annealing® 1s thus defined as being
annealing carried out under a reducing atmosphere at high
temperature - and more precisely at a temperature of the
order of 950°C or more. Smoothing annealing is thus a
particular form of high temperature heat treatment.

This type of annealing can be carried out for a

relatively long time (for example of the order of two

hours) .
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been created (in other words once operations have been carried out in
advance - for example transfer of layers and 10 gluing and / or epitaxy -
necessary for creation of the multi-layer wafer). However, these known
nigheengssature heat treatments cannot be used on all typBEIsfBAMAAIS326
since there are some limitations associated with them. 15 The application
of this type of high temperature heat treatment to the treatment of
single-layer wafers, or multi-layer wafars in which the different layers

have differential thermal characteristics, can be problematic. Note that "
differential thermal characteristics” 20 means a differential behaviour
during exposus@ ofdhec ditferemtdayers of tReavatercat aafiven thesmal high

budget. This,tpe o differgntial, ypically, correspgnds t9,a difiergnce i the
coefficients of thermal expansion of materials forming the different layers
of thEAFRR, 25 GrBIhetPRARGintchSonsl cRarkittETstRts 8 these layers.

And morenpeecisgbg inthe ontextiabthisrext hidifferratiad dbermal of the
chargateristies. of amulti-layer sictue are gharactatized as follows for
the purposes of this text: WO 2005/057639 PCT/1B2004/004326 5 - at
least soRfEFRYeISOf tHe striRflite aRrasssaiafed With 8ifférgRe ©f high
coeffigients ot thermal expansient- furthermors, there is:atdeastone layers
with g, sianifican thickness, gose 19 ihe surface Iyel, i ig,5 SARR. M8 cen
termq%ignfficantt ickness™ is defined as being a thickness of at least an
(N@é?%ﬁ?ﬁa§ﬁﬁﬂi?gﬁ%ﬂ%WQHaﬁ for example transfer of layers and

gluing and / or epitaxy = necessary for creation of the
malti-layer wafer).

Howaver, these known high temperature heat treatments
cannot be used on all types of wafers, since there are some
limitations assoclated with them.

The application of this type of high temperature heat
treatment t¢ the treatment of single-layer wafers, or
multi-layer wafers in which the different layers have
differential thermal characteristics, can be problematic.

Note that " differential thermal characteristics®
means a differential behaviocur during exposure of the
different layers of the wafer at a given thermal budget.

This type of differential typically corresponds to a
difference 1in the coefficients of thermal expansion of
materials forming the different layers of the wafer,
combined with dimensicnal characteristics of these-layers.

And more precisely, in the context of <this text,
"differential thermal characteristics” of a multi-layer
structure are characterized as follows for the purposes of

this text:



10

13

20

25

(namely 10 times greater than) the thickness of the surface layer) that is
associated with a coefficient of thermal expansion significantly different
from the coefficient of 10 thermal expansion associated with the said
BlrtagEdsget. An SOQ type wafer, comprising a thin surfac@da8eregf/004326
silicon directly associated with a Quartz support layer with a significant
thickness, is thus a typical example of such a structure for which the

layers have differential 15 thermal chasacteristics. In the case of this type
of wafer that relaxes after exposure to a large thermal budget (such as
thermal budgets that occur with the treatments mentioned above), the

thin surfacetayer&f shiebn reepvess abighificattpatwfthe®) associated

mechanigakskesses generaterbhy £xposure shihe wafenig fhe thermal
budget. In this gase ghr%thintiurface_layertof silicon, for which the
coefficient oF Feérmial expansioris of the drdet %6f°2.5 %006 REErwHidir s @
fiveinésigreater than’the 25 cdiwespording valserfbade 3ubfacentin this

Quarz laygr whish ies 0§ e order ok Q- fox J0s6 K Lsnguvrallydendsfa: o 5
to relaé Istrggses caused by heating. Note that the coefficient of

expan ,
tk@ﬁ%gﬁﬁgnsmn " d&fiRed adbey 8 diMEnSBAAL S EGparddan
withr amaly 2005105639 RETAB2004/004326 6 iefenence dimensian; perce

degree.qf temperature difference. qThis epefficientds thetefore expressed,.
in K-1. But at the same, time, the subjacent layer of Quartz to which the

SUHEEE YRR of SiHRORIE REUICESTIGERNT 5 16%xphRd P sanRnt of
wapcard thisxappliesostresseg: i@ thel with the said surface layer.

An S0Q type wafer, comprising a thin surface layer of
silicon directly associated with a Quartz support layer
with a significant thickness, is thus a typical example of
such a structure for which the layers have differential
thermal characteristics.

In the case of this type of wafer that relaxes after
exposure to a large thermal budget (such as thermal budgets
that occur with the treatments mentioned above), the thin
surface layer of silicon recovers a significant part of the
mechanical stresses generated by exposure of the wafer to
the thermal budget.

In this case, the thin surface layer of silicon, for
which the coefficient of thermal expansion is of the order
of 2.5 x 107® K, which is five times greater than the
corresponding value for the subjacent Quartz layer which is
of the order of 0.5 x 107° K™', naturally tends to expand to
relax stresses caused by heating.

Note that the coefficient of thermal expansion is

defined as being a dimensional variation compared with a



10

15

20

25

30

surface silicon layer. In the frequent case in which the surface of the said
thin layer of silicon includes defects (corresponding to "initial" defects that
will be defined in more detail in 10 the remainder of the text), such defects
varpsdsacthe effect of the said stresses to produce seconaarnyiBs2004/004326
dislocation type defects. Note that the term "secondary defects" will be
defined later on. 15 A wafer for which only a very thin buried layer has a
coefficient of thermal expansion signifigantly different from the coefficient

of thermal expansion of the material in the surface layer would not
correspond to the definition of a wafer given above for which the layers
hatet 9P ifferdHtial fHérmalirardeeristics't Atcomeentiona SOIASilicone .
Orriisulater) type wafer ssthusan example of a.wafer gemprising a
surface Q_yter 011; %iﬂcéog,aund%whicq;%here is firstly a very thin layer of

Si02, then a thick sUpport layer that is typlea idte &f Y sii€oRURFits to
case fhe blifieqyayercsiobeissassotiatéd witm aicoefficient dbthermat tend

expansien thatis sigeifisanty wdiffergatifrem the.goefficientof thermal | 1, o

expar A%ré %sq_ci(%:i%%a \évitg the silicon surface layer, but no secondary 30
detect generajmon 5 '0BS&1ved like that mentioned above. WO

2005/057639RCTHB20047004326 1% Ivthetastof SOIfthe SIA2 tayerisid

busied batwean byo silicondavers thahbaveshicknesses sopparable to

thﬁi§§%£§¥§r%% giggcﬁﬂét will be defined in more detail in
the remainder of the text), such defects vary under the
effect of the said stresses to  produce secondary
dislocation type defects,

Note that the term "secondary defects" will be defined
later on.

A wafer for which only a very thin buried layer has a
coefficient of thermal expansion significantly different
from the coefficient of thermal expansion of the material
in the surface layer would not correspond to the definiticn
of a wafer given above for which the layers have
"differential thermal characteristics".

A conventional SCI (Silicon On Insulator) type wafer
is thus an example of a wafer comprising a surface layer of
silicon, under which there is firstly a very thin layer of
8102, then a thick support layer that is typically made of
silicon.

In this case, the buried layer $i02 is associated with
a coefficient of thermal expansion that is significantly
different from the coefficient of thermal expansion
associated with the silicon surface layer, but no secondary

defect generation is observed like that mentioned above,
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The very thin layer of Si02 under these conditions 5 cannot "impose" its
mechanical behaviour when exposed to high thermal stresses. Finally,

note that it would certainly he possible to observe secondary defects of

the misdosation type in the layer of Si02 itself. But since the patesmbimthise
layer 10 is amorphous, it does not generate any dislocation type

crystalline defects. Returning to the presentation of the problem that the
invention is intended to solve, when a wafer for which the layers have a
differential thermal characteristic receives 15 a large thermal budget, at
least one of the layers of the wafer may be affected by high mechanical
stresseslduecte the diffes€nce®in expansianodf the diffetentlayeesiupdeeen

the effect of the racaived heat load, Rememigrthat the different layers in,

a wafer remain 20 fixed to each other. The applicant thus observed ﬁwge
apPehraf¥e brosetonddiy clgfects in SOQ wafers following high
temperatre heat treatmient likgdbatsvertioned above (foreexamplesitions

Possibly.a sagiies agasaling. a.RsaLlealment; So indeLneuligl 4as, o
oxidation, etc.). We will now mention that the term "quartz” in this
destaiptibhefeahsThofénica. In the example of an SOQ structure, the

observedidefecss amlocated in the siicanifilarandin particulan. 30 ane: <o

AR el e M IR, e
layer of 8i02 itself. But since the material in this layer
is amorphous, 1t does not generate any dislocation type
crystalline defects,

Returning to the presentation of the problem that the
invention is intended to solve, when a wafer for which the
layers have a differential thermal characteristic receives
a large thermal budget, at least one of the layers of the
wafer may be affected by high mechanical stresses due to
the difference in expansion of the different layers under
the effect of the received heat load.

Remember that the different layers in a wafer remain
fixed to each other. '

The applicant thus observed the appearance of
"secondary"” defects in 50Q wafers fellowing  high
temperature heat treatment like that menticoned above (for
example, possibly a smoothing annealing, a heat treatment
under neutral gas, oxidation, etc.).

We will now mention that the term "guartz” in this
descripticn means molten silica,

In the example of an S3S0Q structure, the observed
defects are located in the silicon film and in particular

are crystalline defects corresponding to ‘“"secondary
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temperature heat treatment and are related to the initial defects already
present in the wafer. Note that in particular, secondary defects may be 5
dislocation type defects, or other crystalline defects associated with initial
Bafaees/o3nidal defects” means defects that are already pre8€mtiBeo04/604326
materials from which the wafer is composed, or defects generated during
one of the steps in initial 10 manufacture of the wafer, before application

of the heat treatment associated with gppearance of secondary defects

(in particular, these initial defects may be sharp edges caused by the
strong roughness after detachment of the wafer from a donor substrate).
159&A8GHEYenerall tise Applieant lassobserveddhedappearamge ofhe high

secongary defectsdn multidayeiawafersyith, differentialthermal o 4o e5a
chgr%%terlstlélzjs_ when the wafers are exposed to a high temperature heat

trea mecnttsstepr(?grd%@?neﬁl%ﬁhé;ﬂeﬁlf’?re‘é?ﬁ%ﬁt may be a smoothing
annealifipée20tda RTArtreatrment; Wrean oxidationianpeatiage 6t iN generabe

a high temperature fleat trpatment). This u@%%igab'&%%%tﬂ%%&W@é%ects

figures 1 and 2, which represent observations obtained by TE
(TFARSHISSIGR Efddtrodié MittoS&59 o a section through two SOQ
wafers 25 (Grie. gbntrotifwtitating the:sealedeffthedigurerintts Hestom leftady

cqsRgtl These twedigures shoya seetion throual) the upper part of
Sq‘(sQ wafer on which a high temperatﬁ%gﬁe%?%regﬁﬁge%t as Cffgérgﬁocs:a@rrfedor

ot W6 2008 ME7EIF PCHIB2064/001326 T the steps in initial

manufacture of the wafer, before application of the heat
treatment asscciated with appearance of secondary defects
(in particular, these initial defects may bke sharp edges
caused by the strong roughness after detachment of the
wafer from a donor substrate).

And in general, the BApplicant has observed the
appearance of secondary defects in multi-layer wafers with
differential thermal characteristics when the wafers are
exposed to a high temperature heat treatment step (for
example, the heat treatment may be a smoothing annealing or
an RTA treatment, or an oxidation annealing, or in general
a high temperature heat treatment).

This undesirable effect is shown in figures 1 and 2,
which represent observations obtained by TEM (Transmission
Electronic Microscopy) on a section through two 80Q wafers
{one control indicating the scale of the figure in its
bottom left corner).

These two figures show a section through the upper
part of an S0Q wafer on which a high temperature heat

treatment has been carried out.
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This top part corresponds to the surface layer of Si, and to (at least part

of) the SiO2 layer inserted between the surface layer of Si and the Quartz
support of the wafer (support not shown). 5 Thus, Figure 1 illustrates a
wsleertivvPassing through the entire thickness of the surfaRETIER04604326
crystalline silicon (separated from a quartz layer that is not shown on the
figures and is located below an SiO2 layer). 10 This type of dislocation is
obviously a very serious defect for thessilicon surface layer. Figure 2
illustrates a loop dislocation 20 - that also creates a serious

disadvantage. Note that this type of defect generated by smoothing 15
annealingnand semeatimes extasdipgritisough theeestivet 4bickhegs of the Si,

sufacedayqn 40Rparingheexamplein kigyse 1) cannot.be complgtely. .,
eliminated by thinning the layer, for exame%lf by polishing after the said

anfsalify: THE Abpricanfhas dethon st st tiat thid Hpa gt 96 detectater
apjpearsparticatarghwimen.the surface of the multi- layer wafer has initial

defects befere baing.gxposed to, annealings In this gase, the inifjal defects,
are involved in secondary defect %eneratlon mechanisms (of the

disoEaHsh 28§ petmEltireS aRaS T Unddr thePsifelsimfRhatiegs  of
stmmbmmmgsﬂbmempasagmmgdmaﬂmdget qﬁé.he.t.zrnmliiyl@yer:maferis
wilh diferenial el chaaciaiistics starting GegL iabdelgets,, 0,
already present in the wafer before the high temperature heat 30

trd@tHTenit:

This type of disliocation is obviously a very serious
defect for the silicon surface layer.

Figure 2 illustrates a loop dislocation 20 - that also
creates a serious disadvantage.

Note that this type of defect generated by smoothing
annealing and sometimes extending through the entire
thickness of the surface layer (400 mm in the example in
Figure 1) cannot be completely eliminated by thinning the
layer, for example by polishing after the said annealing.

The &Applicant has demonstrated that this type of
defect appears particularly when the surface of the multi-
layer wafer has initial defects before being exposed to
annealiing,

In this case, the initial defects are involved in
secondary defect generation mechanisms (of the dislocation
type in Figures 1 and 2} under the effect of mechanical
stresses resulting from exposure to a heat budget of the
multi-layer wafer with differential thermal
characteristics, starting from initial defects already
present in the wafer before the high temperature heat

treatment.
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WO 2005/057639 PCT/1B2004/004326 10 For example, the initial

defects might be disturbances on the wafer surface. These initial defects
may have been created during previous treatment steps applied to the
WaXepoBorieadre 3 thus illustrates the layer of silicon in the S@&CYPafe#/i4326
Figures 1 and 2 before a high temperature heat treatment was applied to

it, this Figure 3 showing a disturbed silicon surface. The disturbances on
this surface layer may for example 10:gorrespond to initial defects that

will be involved during a high temperature heat treatment in the

generation of secondary defects. One purpose of the invention is to be
able to ekmiratengtich, setendarydefecteifeitescasiey bt anaulli: b beyetices

wafer for.which the matepials have differential thermal characteristics.
Another purpose of the invention is to not generate defect lines during a

high temp&tafure Réht freatifdrt e Rieanitiy’sf thes® déteepfifds BIRgNY
expiﬁgneddate:rﬂeathi&raﬂ tedp sl k@bamkgr_qimd:a@qmemrposes o
me”t'onﬁg hfrfs aboyg, arg {ys yery seeqific. %Q%e"rs%aé' ks noted in this.,
respect t a% nown éocuments such as US 6 5007732, WO 02172778 an

USH156 539 d8 ot Bei6ig to IRE spetfitoDs BadkgrduhtMpRicktiag heat

beer-setaeate abgve. 45 61500 %432 is genetalhsfocuspd-en the eperatiens a

Wrg;'ch allqbwéo for{n the clea\gn layer of a structure, for a subsequent
isturped silic urfa

k3 onks ?.
cleaving in order to make a multilayer wafer.
The disturbances on this surface layer may for example

correspond to initial defects that will be involved during
a high temperature heat treatment in the generation of
secondary defects.

One purpose of the invention is to be able to
eliminate such secondary defects in the case of a multi-
layer wafer for which the materials have differential
thermal characteristics.

Another purpose of the invention 1is te not generate
defect lines during a high temperature heat treatment (the
meaning of these defect lines being explained later in this
text).

The background and the purposes mentioned here above
are thus very specific. And it shall be noted in this
respect that known documents such as US 6 500 732, WO
02/27783 and US 6 150 239 do not belong to the specific
background which has been set here above.

Us 6 500 732 is generally focused on the operations
which allow to form the cleaving layer of a structure, for
a subsequent cleaving in order to make a multilayer wafer.

This document thus proposes means for suppressing {or

reducing) a cleaving layer.
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This document thus proposes means for suppressing (or 30 reducing) a
cleaving layer. WO 2005/057639 PCT/IB2004/004326 11 But it does not
make any mention of any background or objective of avoiding forming
BraNdarysdtfects during a high temperature heat treatmerft CT/IB2004/004326
Furthermore, this document does not even mention any 5 high

temperature heat treatment of the wafer itself. This document only
mentions the option of smoothing by aldigh temperature heat treatment
(through the reference to US 6 171 965), only for the treatment of the
residue of a donor wafer, for its recycling. 10 And this document does not
either mé&Htfort AnfoBackGrouRdkGr problermnviieh wduldrbe hesseiatethtb or

a seyliteyeravader wird naatesialsdiaving differentiaktheridabcts guring a
cggragegggcs.r \4\4:(3 %Zlgg@stqgsclgses a step of polishing by CMP after

1 J1gaving gefayer,lfor re&ucingetﬁemseu%dce roughness of the cleaved
layer. BUtHRis'@segient 8bés ndanvretitaiSs6 500 78Pemertini.any any

prablgm eeebiadive-assaciated with a-high Stemperatiye heat freafment, s o
20 gsu%elr?{p 2039 does ngt in any way aim_at preventing undesirable _

effocts ateh as thé Appanition-of secondan” Yefets BaRhg Hbighy 2 high
tefrperatiretiwat treatmentaghichn wollldhlve appliechto armidtilayes water.us

O the congayy, thisidocument REOPRSES feans which 25 precisaly aigy
at mdm\gas%letg:mltgg% a multllager tQ temperatures which would be too
h

. dONOT :
hig R RS respect, ts recycling
And this document does not either mention any

background or problem which would be associated to a
multilayer wafer with materials having differential thermal
characteristics.

WO 02/27783 discloses a step of polishing by CMP after
cleaving a layer, for reducing the surface roughness of the
cleaved layer.

But this document does no more than US 6 500 732
mention any problem or cbijective associated with a high
temperature heat treatment.

US 6 150 23% does not in any way aim at preventing
undesirable effects such as the apparition of secondary
defects during a high temperature heat treatment which
would be applied to a multilayer wafer.

On the contrary, this document proposes means which
precisely aim at aveiding submitting a multilayer to
temperatures which would be too high. In this respect, the
objective of this document 1is to allow reducing the
temperature of a heat treatment in a transfer process (and

it shall moreover be noted that such heat treatment for a



objective of this document is to allow reducing the temperature of a heat
treatment in a transfer process (and it shall moreover be noted that such
heat treatment for a 12 transfer is in any event not a "high temperature”
heat treatment). Thus, and as it shall even better appear when reading
the description of the present invention, US 6 150 239 not only does not
belong to the specific background defined for the invention, but it
furthermore teach the man skilled in gge art away from any high
temperature treatment. Coming back now to the presentation of the
background of the invention and of its purposes, according to a first

Aspedt of the inyention thele is proyided a pracess fordreatment, 0k a pq. ¢

multi-layer wafer with materials having differential thermal characteristics,
the8PrBEess comprising a high temperature heat treatment step that can
generate.secandary-defectsheharactenzeskintthat theoprocesseinclsdes ag

t‘@{%fe&éé‘éf%?t%@ﬁ%aéio step hefare- the high, temperature hi%%}i 239 not

treatment step. Preferred but non-limitative embodiments of such a
Protessate B8 TolRSe StheSsaitpréparation step iay tHetde L titiRingo”
toperation.onithe, susface:layeraf-the-wafer, +the-saidipreparationimayd in
dfgude polishing 2 g, 52 polishing mugy.be pehanical.ahemical coming
pcﬁlshlng, “the said prepardtion r%ay include an 1onic or cﬁemlcal etc |n%{
hapis saigvdifferentigbtherivalcchat hetetisties maye Packground of the

invention and of its purposes, according to a first aspect
of the invention there is provided a process for treatment
of a multi-layer wafer with materials having differential
thermal characteristics, the process comprising & high
temperature Theat treatment step that can generate
secondary defects, characterized 1in that the process
includes a wafer surface preparation step before the high
temperature heat treatment step.

Preferred but non-limitative embodiments of such a
process are as follows:

- the saild preparation step may include a thinning
operaticn on the surface layer of the wafer,

- the sald preparation may include polishing,

- the said polishing may be mechanical-chemical
pelishing,

- the szaid preparation may include an ionic or chemical
etching,

~ the said differential thermal characteristics may
correspond to a combination of the following two
conditions:

at least some lavers of the wafer are associated

with different thermal expansion coefficients,



correspond to a combination of the following two conditions: at least

some layers of the wafer are associated with different thermal expansion
coefficients, 13 there is a layer with a significant thickness close to the
surface layer of the wafer associated wi't h a coefficient of thermal
expansion that is significantly differemt from the coefficient of thermal
expansion associated with the said surface layer, - the wafer may include
a silicon support substrate and a surface layer made of Ge or SiGe, - the
high terhperature beattreatmentmay=beyRTA @nrealing:ktke high ose to

ciemperare heat ireatment may be a smopthing ganealing, s ihe progess ,

may include a second treatment in association with the preparation step
“g8SigHetfo prevent thedearaita ot tefect ires during thePhigh™ c2t1y
dtefiperature heatdreatmentcdbéSaid secondtfeathientimay ineludea ion

=58gqnd heat freayment, - the said speqnd heat freatment may be done

before the preparation step, - the said second heat treatment may be
carried otif'Swith &5theFial biittget fowef tharF atinditiig thermaPphdget and
= beyertd which-gefectsawid appeat dusng tlie:high temperature heat

treatment, - the wafer may be.an S0Q waler and fhe second fieat | prp
treatment may be-carrie Gut with a thermal budget less than
annealing,

- the high temperature hesat treatment may bs a
smoothing annealing,

- the process may include a second ftreatment in
association with the preparation step designed to prevent
the appearance of defect lines during the high temperature
heat treatment,

- the said second treatment may include a second hesat
treatment,

- the saild second heat treatment may be done before
the preparation step,

- the saild second heat ftreatment may be carried out
with a thermal budget lower than a limiting thermal budget
beyond which defects will appear during the high temperature
heat treatment,

- the wafer may be an S00 wafer and the second heat
treatment may be carried out with a thermal budget less than
or agual fto the thermal budget corresponding to twoe hours of
annealing at a temperature of 700°C,

- the wafer may be a Germanium on Silicon wafer and
the seccnd heat treatment may be carried cut with & thermal

budget



or equal to the thermal budget corresponding to two hours of annealing at
a temperature of 700C, - the wafer may be a Germanium on Silicon wafer
and the second heat treatment may be carried out with a thermal budget
14 less than or equal to the thermal budget corresponding to two hours

of annealing at a temperature of 500@, - the said second treatment may
include a second chemical treatment, - the said second chemical
treatment may be carried out after the preparation step, - the said second

lelkemidad treatmentundy use the RiE ctype lof wetstching or dspetching, -te

<the gecond chemical ireatment may he assqciated with, @n oxide

deposition and then selective etching of the oxide so as to define an )
etching patterrs2itHe sSSFFYRCona"GRIMIREE tredfMent ity tSe efchifgeonc
cthenprajectimg banlk face, - the said second treatment may include a

second mechanical weatment, (e, said secand mechapical reatmept., .

may be carried out after the preparation step, - the second mechanical
CleafhheRtmay tise Hifaek byd digh6Ad, laser or ionic bombardment of

neutral mplecles] - the-secondrmechanical reatment may usedocate RIE
‘_%ggs%i g.at 1L’he ﬂgg,itg m%l§:e grbeve éﬁge second treatment may include
“fie definition of ”reg‘loLn% that are'to be isolatéd from any singular points in

thesuﬁﬁ%éﬂa?@?@@ﬂu?ﬁ@ﬁéﬁai treatment may be associated with
an oxide depecsition and then selective etching of the oxide

o as to define an etching pattezn,
- the sald second chemical treatment may use etching
on the projecting back face,

Ao

- the saild second treatment may include a second
mechanical tTreatment,

- the said second mechanical treatment may be carried
out after the preparation step,

- the second mechanical treatment may use attack by a
diamond, laser cor ilonic bombardment of neutral melecules,

- the second mechanical treatment may use local
polishing at the ring, to make a bevel,

- the second treatment may Iinclude the definition of
reglons that are to be isclated from any singular points in
the surface layer of the wafer,

- the second treatment may use a photolithography that
etches grooves delimiting the said regions in the surface
of the szid surface lavyer,

- the said isclated regions may correspond to reguired

locations at which chips will be formed on the wafer.



- the second treatment may use a photolithography that etches grooves
delimiting the said regions in the surface of the said surface layer, - the
said isolated regions may correspond to required locations at which chips
will be formed on the wafer. 15 regions may be defined such that their
contour does not form a projecting angle, the top of which could form a
singular point that could be associated with a defect line. Other aspects,
purposes and advantages of the invention will become clearer after
reading the following description of the invention made with reference to
the atfachEsdraiwingSen whict HpditfromUsigure8atto Bhat havetour
cadrsadycheeiveommented eipon-apoves : Eiguras 4asgbland4h24cl-and
Asaate dagammaliclop views aba.mullilayer yafer Ihal, hag not,been,
created according to the invention. In these figures: Figure 43 shows the
Wafer before the preparation step, Figures 4b1 and 4b2 show the same
wafer after the preparation step - "singular points"” type defects being
shown-ip:figure Ahzwiich s ap.enlarged ngrtial Vigy, derved from.Flayre
4b1, Figures 4cl and 4c2 aré diagrammatic views of the sgameﬁw‘a_er, ,
WiithHave dlso’beetsilsiedtedtv™d hight temperastirshedtrdamenting
afterrtherpreparation istep;i Onee: againiadhiswease, Figure 4e2ds apartial
Samview dshed om fighve 461, These flgures dagrammangall .
show defect lines that form secondary defects.

have already been commented upon above:

- Figures 4a, 4bl and 4b2, 4cl and 4c?2 are
diagrammatic top views of a multi-layer wafer that has not
been treated according to the invention. In these figures:

Figure 4a shows the wafer before the preparation
step,

Figures 4bl and 4bZ show the same wafer after the
preparation step - "singular points™ type defects being
shown in figure 4b2 which i1s an enlarged partial view
derived from Figure 4bl,

Figures 4cl and 4c2 are diagrammatic views of the

e

same wafer, which have also been subjected to & high

temperature heat treatment after the preparation step. COnce
again in this case, Figure 4cZ is a partial enlarged view
derived from Figure 4cl. These figures diagrammatically
show defect lines that form secondary defects.

- TFigures 5a and GSb show two diagrammatic
representations of steps in one embodiment of & treatment
according to the invention (the wafer treated being shown

in section in these figures).
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- Figures 5a and 5b show two diagrammatic representations of steps in
one embodiment of a treatment according to the invention (the wafer
treated being shown in section in these figures). WO 2005/057639
PORABIOBA7004326 16 - Figure 6 is a view corresponding tftHERABHY 1826
Figures 5a and 5b, illustrating another embodiment of the invention, -
Figures 7a to 7c show three diagrammatic 5 representations of top views
of wafers, illustrating a variant embodient of the invention. As

mentioned above, the invention is applicable to multi-layer wafers with
differential thermal characteristics. 10 "Differential thermal characteristics"
have beenFdefined abdve. in particulantheyrordEspond o dhdiffedence in
in ghe coefficignts of thermal expansion 0f twe.Jayers iBdhsWatel . if 4HS the
difference is large enough to generate secondary defects when the wafer
is ]er}(‘b%%ﬁhofb'a 15 high temperature heat treatment. In order to avoid the
generationfafysuets secrdaryt defedts andtoapplytthesgemonstratiannatic
thestarting. poinf, effect megtiongg.ahove demopsirated by the Appligant ,

(initial defects in a wafer - for example defects on its 20 disturbed surface

- foFmt eI TSRS AW h I mUEH 1rf&t secondary defects are
generated durng sohigh temperaturebeattreatmient), the highlicable to

temperatyre Agat tregiment.according fo the inuention.i5 praceded py g 5,

surface preparation step of the wafer to be treated.

characteristics.
"Differential thermal characteristics” have been
defined above. In particular, they correspond to a

difference in the coefficients of thermal expansion of twec
layers in the wafer, if this difference is large enough to
generate secondary defects when the wafer is exposed to a
high temperature heat treatment.

In order to avoid the generation cf such seccondary
defects and to apply the demonstration of the “starting
point" effect mentioned above demonstrated by the Applicant
(initial defects in a wafer - for example defects on 1its
disturbed surface - form starting points from which much
larger secondary defects are generated during a high
ftemperature heat treatment), the high temperature heat
treatment according to the invention 1s preceded by a
surface preparation step of the wafer to be treated.

This preparation corresponds to a thinning step of the
surface layer of the wafer.

It may be achieved by polishing (but the preparation
step may also include thinning of the surface layer of the
wafer by icnic etching - ion or icon cluster bombardment, or

by chemical etching - dry or wet}.
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25 This preparation corresponds to a thinning step of the surface layer of
the wafer. It may be achieved by polishing (but the preparation step may
also include thinning of the surface layer of the wafer by ionic etching -

o orofgir alisster bombardment, or 30 by chemical etching Pém/TgrofeeY4326
WO 2005/057639 PCT/IB2004/004326 17 In the case of preparation by
polishing, this type of preparation polishing is preferably a
mechanical-chemical (CMP) polishing.7This type of polishing removes
1000A from the surface layer on which the defects are located. 5 It also
eliminates initial defects in the surface layer of the wafer that would
generatetsectrhmjawmfeétspnﬂsemeddmring adbighstennperatiiresheatpe of

egtgmtasyf&asp%1%@995@nqQng%@'ﬁ&am@AQD'&E@@&Q@&%QSEJM@&cal

that the use of such a 10 preliminary polishing step for example

subSEGLeRfly EiEbEd %bﬁtrﬁﬁg%nﬂéaﬂﬁgm% ﬁﬁa&%‘g%%a%@&% from
atiospieré doral dueatiom oflabout tve kzifscon ar SQQawater. And this

type of smoolhiag amnaging dinol generate lislocaiion ype secondan..

defects (observable in 15 transmission electronlc microscopy), defects
wHigH Sre Bbséred 117 {r& ab5&hce St pAordoiRmMiG O SFANER WaférLects
Natesbat the pradess actarting éatbe dnventionaay: heusedaftafch as a

deé%%'?;’@ﬁmé’fé gég%'hl yer wafer from a 20 donor substrate, for

example detachment by the addition of heat and / or mechanical energy at

a weakehitfy ifitHAGE Thig et /RRfiRh nidibe G86d fovexampleisa a

preliminary polishing step for example subsequently enabled
smoothing annealing under a hydrogenated atmosphere for a
duration of about two hours, on an S0Q wafer.

And this type of smoothing annealing did not genarate
dislocation type secondary defects {chservable in
transmission electronic microscopy), defects which are
observed in the absence of prior polishing on similar
wafers.

Note that the process according to the invention may
be used after detachment of the multi-layer wafer from a
donor substrate, for example detachment by the addition of
heat and / or mechanical energy at a weakening interface.

Thus, the invention may be used for example in a
Smart-Cut® type process.

Remember that the Smart-Cut® process can be used to
build up multi-layer wafers and requires a step in which
wafers are detached from a substrate.

In this context, it 1s possible to use a Smart-Cut®
type technigue to make multi-layer wafers with differential
thermal characteristics, then to treat these wafers by a

high temperature  heat treatment such as smoothing



i0

15

20

25

Smart-Cut(r) type process. Remember that the Smart-Cut(r) process can

be used to 25 build up multi-layer wafers and requires a step in which
wafers are detached from a substrate. In this context, it is possible to use

W enasteeaslr) type technique to make multi-layer wafers wigkhtiffesentieb2o
thermal characteristics, then to treat these wafers by a 30 high

temperature heat treatment such as smoothing WO 2005/057639
PCT/IB2004/004326 18 annealing, witaout observing secondary defects
(for example of the dislocations type). In this example embodiment of the
invention, insertion of a preparation step (particularly by polishing)
between inwhenitheavafess arewdetacbed antkwihendhedtigh teaperatiiel
hegt treatmenti ed, can avoid the appearance of such secondary
de;‘agct%1 urci%g tée??%h%mée ke ature heat treatment. And more generally,
the inveAfiort thh I5& y8REX0SEBIIF 11O HIgR ferkperdftifé Hest treatifshtsion
tognuls- I@t@rpuafa&rsd&itmﬁﬁﬁerepgatmmma@ct@rﬁti@iihq inentioden
is ot Ilrghed tQ gvafers obtaén%d the% mayt- C}lutz(lr) Iype g erat re
Rémember that the Isfngeh temperature heat treatment may Be any R/
higraémipetatitetiedtréaPaé s 155/ Ay alsd E@%Io?@l?ﬁRmanﬁéaﬁN@h

medesAnghregariiess of thecembegimemeait maygbe a rsmpothitgre heat
a r}_%%'%—[‘ M ote that a second treatment can be associated with the
preparation step (which then corresponds to a "first" 20 treatment),
designednd prevenpitcappédrandeot difstiion can be used to apply

high temperature heat treatments to multi-layer wafers with
differential thermal characteristics: the invention is not
limited to wafers obtained by a Smart-Cut® type process.

Rememper that the high temperature heat treatment may
be any type of high temperature heat treatment.

It may also be done in RTA annealing mode.

And regardless of the embodiment, it may be a
smoothing annealing.

Note that a second treatment can be associated with
the preparation step (which then corresponds to a "first”
treatment), designed to prevent the appearance of defect
lines during the high temperature heat treatment of the
wafer.

Note also that the terms "first" treatment and
"second" treatment do ncot invelve any chronology or any
systematlc sequence between these two treatments.

The Applicant has observed that the preparation step
itself can cause singular points on the wafer (for example
at the wafer ring}, and these singular points are revealed

and amplified during the high temperature heat treatment.
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lines during the high temperature heat treatment of the wafer. Note also
that the terms "first" treatment and "second" treatment do not involve any
chronology or any 25 systematic sequence between these two
veaimendss3dhe Applicant has observed that the preparatiorrsteB2iisetis 326
can cause singular points on the wafer (for example at the wafer ring),

and these singular points are revealed and amplified during the high
temperature heat treatment. WO 2005/@57639 PCT/IB2004/004326 19

For example, these singular points may correspond to material
"micro-tearing” points - for example micro-tearing at the wafer ring. The
Applicanthasdhusmhserved defests gangeddans dines forcidetesbond to

lines. ) that appear during the high, temperature heat iregtinent, TAESE. 5 1y
deféctiines aré'dueto S|nguPaqr p(?lnts generated dunng the preparation

(pattictitarly#dethecéage of polishing). 10 Figures 4a, 4b1 and 4b2, 4c1

and 4c2 gliagrapynatically iwstratp.genssation&f these-defectlinesigea in
Figure 4a shows a diagrammatic to. vitV\égf a multi-rlayc(i(?{1 wafer ]tqi‘oe high
a € layer 9

1nes or . "dete ines ea rin
co prlsmg(a subs?rae 0 forming the owerﬁﬁ\‘/jer, an suriac

120:=rmE=Théedayeh20 Haatdianteter slightly less than the diameter of

the layerrd1Qeandithus-formsia projegting peripherd) shoulderithat legyest s
a peripheral part of the surface of the Iaglgr iLlO expoied. Thi]? annular

pe$ﬁﬁﬁ§8F5 nqgiﬁgﬁw%gguﬂﬁgﬁﬁéaﬁi particularly for the case

of polishing).

Figures 4a, 4bl and 4b2, 4cl and 4c? diagrammatically
illustrate generation of these defect lines:

Figure 4a shows a diagrammatic top view of a muiti-
layer wafer 100 comprising a substrate 110 forming the
lower layer, and a surface layer 120.

The layer 120 has a diameter slightly less than the
diameter of the layer 110, and thus forms a projecting
peripheral shoulder that leaves a peripheral part of the
surface of the layer 110 exposed.

This annular peripheral part is known as "the ring"™.

Figure 4a shows the wafer 100 before polishing
corresponding to the preparation step.

As can be seen, the contour around the ring 1is
regular.

Figures 4bl and 4b2 show corresponding views,
representing the wafer 100 after a polishing step has been
carried ocut on it {typically CMP polishing).

Figure 4b2 shows that the polishing has caused micro-
tearing points 130 at the wafer ring (these singular points
being represented in an exaggerated manner enlarged in the

figures).
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20 Figure 4a shows the wafer 100 before polishing corresponding to the
preparation step. As can be seen, the contour around the ring is regular.
Figures 4bl and 4b2 show corresponding views, 25 representing the
weafmI@0afer a polishing step has been carried out on it (BgJidBI-ELONHI26
polishing). Figure 4b2 shows that the polishing has caused micro- tearing
points 130 at the wafer ring (these singular points being represented in an
exaggerated manner enlarged in the 30 figures). WO 2005/057639
PCT/IB2004/004326 20 Figures 4cl and 4c2 illustrate defect lines 140

that can appear starting from these singular points, when a high
temperaiftirethieat tredtmand is‘subsequetitedgplideifiecthe livafer. 540 that

Thergfarg.R second treaimentds nerfroned eather Walers 1o PIRMeNtIhg: on
appearance of these defect lines during the high temperature_heat

tre ARSI I ASsdtT&tTon” W TIFE breFar &t SRS Ad WilPBE 5eth, fie the

expréssion "in association with" 10 the preparation step does not imply

that the egmplementary treatment is.ngesssarly doneatthe.same fime ¢y,

as the preparation. The second treatment may also be done before or
aftEtE 86 prbParkli6s Sép. 18°%n pEYGENAr the 8éconbir&attiehthitaytines
includéns aheahtrgatment;and:Loe - haaecharieaktreatment, ascbboat ion

with the preparation step.

As will be seen, the expression "in association with®
the preparation step does not imply that the complementary
treatment 1s necessarily done at the same time as the
preparation.

The second treatment may also be done before or after
the preparation step.

In particular, the second treatment may include:

- a heat treatment, and / or

-~ a mechanical treatment, and / or

- a chemical treatment.

This type of second treatment can limit the generation
of singular points (which as described above correspond fo
points that can give rise to defect lines during a high
temperature treatment) during this preparation step.

In particular, this limitation of singular points
enables limitation of singular points at the wafer ring.

Thus, this type of second treatment minimizes or
completely prevents the appearance of defect lines during a
high temperature treatment.

It is said that this second treatment may be done
particularly by a thermal, and / or mechanical, and / or

chemical process.
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- a chemical treatment. This type of second treatment can limit the
generation 20 of singular points (which as described above correspond to
points that can give rise to defect lines during a high temperature
WoHEit)cefuring this preparation step. In particular, this limPetidp2ef/004326
singular points enables limitation of singular points at the wafer ring. 25
Thus, this type of second treatment minimizes or completely prevents the
appearance of defect lines during a high temperature treatment. It is said
that this second treatment may be done particularly by a thermal, and / or
mechanical, and / or 30 chemical process. WO 2005/057639
PCT/IB20e4/084826 u2tddvwe mais ptirpeseof-such arsscomhtreatmént isut

to Gut, aroundkthe wafer ring (in othes words 50, that tforms.a reguldirys 4
contour). A second chemica treatment is preferably carried out 5 after the
prEpAtafion S¥&5CPRiS type of second chemical treatment may in

particular usecwed etahing ced diy-etchireg ¢ forsexarpplerai IR Etype ddy cut
et¢hing.that,| U%‘%_%BQ@@?{QW%&;V particles that are chemically reactive

with the bombarded wafer. 10 In this case, the exposed face of the ring
needs td e protéEfed |ﬁ%dvéﬁﬁ@n%hlsc@f)%ldtap]rote‘éﬁﬁﬁqg‘%*besg‘ﬁﬁﬂ/ D
pq;f&lﬁuliat’tylfmf thecaserokar Rty perdeyretching ithe back faee ofthe an

Nee r%t@SHQHgfortP{%eé eleung- 3 s lpegranijo aveld ;oo
usmg a high tem erature eat
that are chemically reactive with the bombarded wafer,

In this case, the exposed face of the ring needs toc be
protected in advance. This type of protection is necessary
particularly for the case of an RIE type dry etching.

The back face of the wafer also needs protection for
wet etching.

It is important to aveid using a high temperature heat
treatment when performing this type of protection.

Therefore, this protection of surfaces to be protected
cannot be done by oxidation invelving a high temperature
heat treatment.

One preferred solution for building up a protection
layer consists of depositing an oxide on the surfaces to be
protected.

in particular, this oxide may be a PECVD (Plasma
FEnhanced Chemical Vapour Deposition}) or LPCVD (Low Plasma
Chemical Vapour Deposition) type oxide.

The choice between these two types of deposition will
depend on the type of operation selected to cut around the
wafer ring afterwards, and also on the difference in the
coefficient of thermal expansion between the layers of the

watier:



10

15

20

25

30

treatment when performing this type of protection. Therefore, this
protection of surfaces to be protected cannot be done by oxidation
involving a high temperature heat treatment. 20 One preferred solution for
buoldimgyoapsae protection layer consists of depositing an oxid@ @4/ 404326
surfaces to be protected. In particular, this oxide may be a PECVD
(Plasma Enhanced Chemical Vapour Deposition) or LPCVD (Low Plasma
25 Chemical Vapour Deposition) type pxide. The choice between these

two types of deposition will depend on the type of operation selected to

cut around the wafer ring afterwards, and also on the difference in the

coefficient of tiermaliepansignbetwegn 1he dayers of the Bwaler WO or

2005105 7,63 9 PCT1182004/004326 22 A PECYD.ype deposition s,
done’at a empe’ra?ure o? about 56 8, and can '[?1erefore be used évén on

wafeys with fay/elrs with @igrfificanty. diffe ferticoetfiGients oF Ldiysansibh, 5 of

anLEGMB dype deposition is used at a temperature of about 700C, and

therefore can ontlé/ be used if the coefficients of thgrmal exgansion gf the
E21TL h

layers in the"* WATSE aré 3fgi?lyd‘s@iﬁfl’lf’é\"r“.t i the' Gase’ G aﬁtSSQ warer, the rt-\(lavoOf

typeswf 10 tlepositicindoulthbe efnisagagincenit is observeskthat idefethe

lingsstartio.apRreag froma temperaiwe.afi about £7506a IntheLase of a the
Germanium on silicon wafer, the

wafer are fairly similar.

In the case of an 800 wafer, the {wo types of
deposition could be envisaged since it 1is observed that
defect lines start to appear from a temperature of about
750°C.

In the c¢ase of a Germanium on silicon wafer, the
defect lines may appear at temperatures lower than in the
case of an 380Q wafer. Therefore, it will be preferred to
use a PECVD type deposition.

The next step after depositing an oxide on all faces
of the wafer, is to selectively etch the oxide near the
edge of the ring, so as to eliminate this oxide.

For example, this selective etching may be done by
photolithography.

In photolithography, the deposited oxide 1000 has to
be covered by a layer of resin 1001 as shown in Figure 5a.

This figure shows a wafer 100 in section, in which the
peripheral edge 1101 has been exposed by such a selective
etching.

The other parts of the wafer remain covered by the
protective oxide 1000.

The next step 1is to remove the resin 1001 and

selective etching of silicon around the peripheral edge of
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defect lines may appear at temperatures lower than in the 15 case of an
SOQ wafer. Therefore, it will be preferred to use a PECVD type
deposition. The next step after depositing an oxide on all faces of the
wafefdnda selectively etch the oxide near the edge of the ringr/e@s404326
eliminate this oxide. 20 For example, this selective etching may be done
by photolithography. In photolithography, the deposited oxide 1000 has to
be covered by a layer of resin 1001 as,shown in Figure 5a. This figure
shows a wafer 100 in section, in which the 25 peripheral edge 1101 has
been exposed by such a selective etching. The other parts of the wafer

regian £overed bydhewprotectyvgurdds 1000, The: BeXti Stepds teHemavews
the resin, 1001 and 30 selective etching of silicon around the peripheral
e g\émg)%ez O%?%%bnlgc?%%vfotol /004326 23 the ring, as shown in
figure 50 {on dsfihurésthe ardwssymbolizbahe éelirmropéhaticmi fhery

reaql-g;ig ggir@%ﬁng@l@@a@f@_smoqth periphery with no singular points.
5A SpmAEtgher tyhgl)e %%%lpment (r%gls_tered trademark), marketed tgay the

SEZ corfipay Bould 1S5 bé {R2d $5 UFIRE typ'd BF sEiSatve SR oF

thaginige tedhis watiamt SH8wndndigure G the wafer 106 isichenticalfyp this
etehed oprits bagkface, appasite t@ the face or, 10 which the ring to be

P = ol Tk

cut around is located. The said back face was covered bg/ a protective _
layer In this wvariant shown in figure 6, the wafer 100 is

chemically etched on its back face, opposite to the face on
which the ring to be cut around is located.

The said back face was covered by a protective layer
1002 before this etching.

Figure 6 shows arrival 20 of the eftching product on
the back face of the wafer 100.

The chemical etching product may be allowed to overlap
slightly on the front face of the wafer (facing downwards
on the figure), the path of the chemical etching product is
shown symbolically in the Figure by arrows.

This makes it possible to attack the periphery of the
layer 120 and to make the ring uniform.

Note that a neutral gas flow such as nitrogen 1is
applied onto the main face of the layer 120, during this
operation so as to avoid chemical etching sclutions running
on this main face.

Etching done according to this wariant will be
referred to as "overlapping back edge etching".

A second mechanical treatment may also be applied,

using mechanical cutting around the ring of the wafer.
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1002 before this etching. Figure 6 shows arrival 20 of the etching product

on the back face of the wafer 100. 15 The chemical etching product may

be allowed to overlap slightly on the front face of the wafer (facing
HshaGvads3%nN the figure), the path of the chemical etching PadBeeisn94326
shown symbolically in the Figure by arrows. This makes it possible to

attack the periphery of the 20 layer 120 and to make the ring uniform.

Note that a neutral gas flow such as nifepogen is applied onto the main

face of the layer 120, during this operation so as to avoid chemical

etching solutions running on this main face. 25 Etching done according to
this variantwill the: refecreditoastoverlappingback edge @tehinghdkt ioned

second.mechapical yreatment may alse-pe-arkl '@gpr‘ciz?é‘gsm?&hsmecﬂrabw
cutting around the Ting of the wafer. WO 2005/057639

PETNB2004H04526 P24 13Kk Be $BBNnd chemical treatment process
mentioned i abaove; hbisitype of seaandrmmechapicakptocassasiprefeeadaly use
dong. after the polishing step. This mechanical treatment may particularly
make use 5 of: - mechanical means for cutting around the ring. This may
he done udifi§@airéndi A Tesef OF iofifd beMtbafdmeit dfifeutire- This
m@l@gyl&s eﬁuﬁéngzghe@irag af this fing. alor@égeliming@tme Ei_tagbﬁcﬁfdment
Lol AR ! A sl e s sy ope o

- local polishing at the ring, for bevelling.

And if a second heat treatment process is used, this
type of treatment is preferably done before the preparation
step.

Note that a second prior treatment carried ouit in the
form of a heat treatment can also consolidate bonding
interfaces of the wafer layers (for example between a
guartz layer and a silicon layer) before the preparatiocon
step.

In the case of a second heat treatment, the applicant
has alsc demonstrated the existence of a limiting heat
budget beyond which & subsequent high temperature heat
treatment would cause the appearance of supplementary
defects, and / or encourage the appearance of the defect
lines mentioned above.

Therefore, the second heat itreatment must be carried
out with & heat budget that remains less than or equal to
this limiting heat budget, which corresponds to a maximum
heat input that can be applied to the wafer during this
preliminary thermal heat treatment.

The limiting thermal budget depends on the nature of

the layers cof the treated wafer.
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step. Note that a second prior treatment carried out in the form of a heat
treatment can also consolidate bonding 15 interfaces of the wafer layers
(for example between a quartz layer and a silicon layer) before the
pregetttasstep. In the case of a second heat treatment, theCaIBHRE&# 04326
has also demonstrated the existence of a limiting heat 20 budget beyond
which a subsequent high temperature heat treatment would cause the
appearance of supplementary defectszmnd / or encourage the

appearance of the defect lines mentioned above. Therefore, the second
heat treatment must be carried 25 out with a heat budget that remains

less tharkodedual pe rthistitdting heat beddetcavhichhesrrespends te@a that

maxjmun ; heat inputibakcanbesapplied 1o the wafer during this

preliminary thermal heat treatment. The limiting thermal budget depends
on the natut@’of 358 thé [&fets ATREIEAtad Sidret P 9boBI5 FeHy hours
PGTE/1B2064/£04326-2% Antbin’particular, the applicant has determined

that this lingitipg é‘a@ﬁ@ﬁhﬁ!ﬂd%‘?{ COIESPONds G 0r SQQWAIEIS, corrieq
annealing carried out for two hours at a temperature of 700C, 5 -"for
gefthanfiih i SilkdrrRafdrs? ahfRafing eafied’ ouf fortwo hours at a

temperatuse of &O0C . Obwidugly, dueng sthe seconddeat treatmentnthe the
SRR SLprogeIon g A GRSl BOELSe
budget and the temperature can be lowered, or vice versa.

It has been seen above that different types of
"second" treatments can minimize or completely prevent the
appearance of defect 1lines during the high temperature
treatment applied to the wafer.

Note that the invention is applicable to all types of
multi-layer wafers for which materials have differential
thermal characteristics.

The invention meay thus be applied to an S0Q type
structure as described.

it cén alsoc be applied to wafers comprising a surface
layer made of Germanium or SiGe (particularly SiGe rich in
Germanium) on a support substrate (possibly silicon).

According to one variant embodiment of the inventicn,
it may be required to treat these defect lines only in
regions of the wafer in which chips will be formed later
(particularly in the useful layer of the wafer).

In this wvariant embodiment of the invention, the
second treatment includes definition of regions 1200 that
are to be isolated from singular points (singular points
that are formed particularly around the periphery of the

wafer ring as already mentioned), in the surface layer of
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10 It has been seen above that different types of "second" treatments can
minimize or completely prevent the appearance of defect lines during the
high temperature treatment applied to the wafer. Note that the invention is
WEReBIE all types of 15 multi-layer wafers for which maRERAR2 #4326
differential thermal characteristics. The invention may thus be applied to
an SOQ type structure as described. It can also be applied to wafers
comprising a surface 20 layer made @fsGermanium or SiGe (particularly
SiGe rich in Germanium) on a support substrate (possibly silicon).
According to one variant embodiment of the invention, it may be required
todreatthése défectdined Ohlyim fegions of the wafed ¥ whichahipsowillthe
be fgrmed fateL 22 (Bagtculaduin the psgfldayerot the;wafer). In this

variant embodiment of the invention, the second treatment includes
definitioRt réfioiEY368 th& aks B isBRatetPRORT Sindflafpbihts 9 ton
(sirgular points that are formed particularly around the periphery of the 30

wafer ring as gl eaq%@e%wdhghth%éurf@%q@@v%ﬁwo 299?4@%&63%y
PCT/IB2004/004326 26 the wafer (layer 120 in figures 4a to 4c2, 5 and

RN LEftd FERIEABE Peing usBHTA Mfres 9916 Sic)d%%ﬁé‘b‘fjs‘é?/er%%‘%huﬁéld
meydietacatedin eacthregion £426005 Theragipas 1200 can be

selectivelydsglatad by otojthiagrapys R glshing groover delinging g
said regions 1200 in the surface of the layer 12
required for chips to be formed on the wafer.

Figure 7a thus very diagrammatically illustrates two
wafers 100, each of which includes three regions 1200 that
have been isolated from singular points 130 arcound the edge
of the ring, the said singular points being capable of

generating defect lines 140.

Concerning this variant embodiment cf the invention,
the applicant als¢o determined that defect lines were
preferably oriented along given crystallographic
directions.

In particular, this has been observed on S0Q wafers on
which a high temperature heat treatment has been applied.

Preferably, the contour arcound regicns 1200 is made
such that these contours do not have projecting corners
that c¢ould form a singuiar point, that could alsc
correspond to an "initial defect™.

Therefore, contours without projecting angles are
preferably made for regions 1200. For example, these
contours may be in the form of a circle or an oval.

Figures 7b and 7¢ thus illustrate poor configurations

in this respect in which the regions 1200 are blocks, in



These regions 1200 correspond to the locations required for chips to be
formed on the wafer. 10 Figure 7a thus very diagrammatically illustrates
two wafers 100, each of which includes three regions 1200 that have
eerdisotated from singular points 130 around the edge of theTrmgotiiend3ze
said singular points being capable of generating defect lines 140. 15
Concerning this variant embodiment of the invention, the applicant also
determined that defect lines were preferably oriented along given
crystallographic directions. In particular, this has been observed on SOQ
wafers on 20 which a high temperature heat treatment has been applied.
Prefarably «therecontows argypdregions 1200-is padessuch,thaidheseshould
contours do otglavevpro‘jiecting corners that could form a singular point,
th&t 85&5‘35158 cgrr%sf)cl)n%% an "initial defect". 25 Therefore, contours
without projecting angles are preferably made for regions 1200. For
example, these contours may be in the form of a circle or an oval. Figures
7b and 7c thus illustrate poor configurations in this respect in which the
regions 1200 are blocks, in WO 2005/057639 PCT/IB2004/004326 27
which there are corners in the periphery that should preferably be

avoided. WO 2005/057639 PCTfIB2004/004326 28 CLAIMS 1. Process
for treatment of a multi-layer wafer with
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materials having differential thermal characteristics, the process
comprising a high temperature heat treatment step that can generate
secondary defects, characterised in that 5 this process includes a wafer
Svpfaue/pireparation step before the high temperature heat tREZRARMI4E1E4326
2. Process according to the previous claim, characterised in that the said
preparation step includes a step for thinning the wafer surface layer. 10 3.
Process according to the previous claig, characterised in that the said
preparation step includes polishing. 4. Process according to the previous
claim, characterised in that polishing is mechanical-chemical 15

polishing. S. Process according to edlammMsor 2, characterised in that the
said preparation step includes an ionic or chemical etching. 6. Process
according to any one of the previous 20 claims, characterised in that the
said différerftizd €56 CEhdraR fdstits cotredpdivd fd a'cotfbinagibhrofvith
theatallovding twevGenrdittins eratreast samedayersofthewaterarecs, the

assosiated with different thermalexpansion coefficients. 28 therefs a, o
Ia&er With a sign?ffcant thickness” close to the surface layer of the warer

asdertatedwidracesEficRItUGTIIREIMARPERFATSIOF tRALRISIGhRRANID VWiRt
2005/Q57639-RCJ/IB2BO4KRN4326 29 different:framethe eopfficientefl step

thermal expansion assgciated with the said surface layet ..

2. Process according to the previous claim,
characterised in that the said preparation step includes a
step for thinning the wafer surface layer.

3. Process according to the previous claim,
characterised in that the said preparation step includes
polishing.

4. Process accerding to the previcus claim,
characterised in that ©polishing is mechanical-chemical
polishing.

5. Process according to claim 1 or 2, characterised in
that the said preparation step includes an ionic or
chemical etching.

6. Process according to any one of the previous
claims, charachterised in that the said differential thermal
characteristics correspond to a combination of the
following twe conditions:

- at least some layers of the wafer are associated
with different thermal expansion coefficients,

- there 1is a layer with a significant thickness
close to the surface layer of the wafer associated with a

coefficient of thermal expansion that 1is significantly
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7. Process according to any one of the previous claims, characterised in
that the wafer includes a silicon 5 support substrate and a surface layer
made of Ge or SiGe. 8. Process according to any one of the previous
sl@mesebmeacterised in that the high temperature heat trea#@ABRIRTA326
annealing. 9. Process according to any one of the previous 10 claims,
characterised in that the high temperature heat treatment is a smoothing
annealing. 10. Process according to any one of the previous claims,
characterised in that the process includes a second treatment in
association with the preparation step designed 15 to prevent the
appeééfanes of défiest lined during &€ higlertempefaturebeat treamreansion

L1, Pracsst aseqidiodadhe prgvias glaim harecterised in that the

said second treatment includes a second heat treatment. 20 12. Process
according tothe5revio i ERTAE- "éharbtterfedd inthat t%d safd'8ecdgvious
heat treatment is-dore-betereihe preparationatépr 13nPIaeRss a silicon

accarding foong of e twg previgus: glaims, ghargglelised ipdhat the said
second heat 25 treatment is carried out with"a thermal budget lower than

a limiting’thetAt Biid gt Beohit WhidiPdefstts wilt&pp8ar diling g vious
high temperatitrerheattreatment nl4: Precessaceqarghngderdberprevielsheat

clq_imé aghgl%@(ct%s%q‘in él;@ltet .\A/gfer is an SOQ wafer and the 30

second heat treatment is carrleld out with a thermal budget WO ‘
2005/057638 PCTAEB2004004328 30 any one of the previous

claims, characterised in that the high temperature heat
treatment is a smoothing annealing.

10. Process according to any one of the previous
claims, characterised in that the process inciudes a second
treatment in association with the preparation step designed
to prevent the appearance of defect lines during the high
temperature heat treatment.

11. Process according to the previous claim,
characterised in that the said second treatment includes a
second heat treatment.

12. Process according to the previous claim,
characterised in that the said second heat treatment is
done before the preparation step.

i3. Process according to one o©0f the two previous
ciaims, characterised 1in that the said second heat
treatment is carried out with a thermal budget lower than a
limiting thermal budget beyond which defects will appear
during the high temperature heat treatment.

14. Process according to the previous claim,
characterised in that the wafer is an S0Q wafer and the

second heat treatment is carried out with a thermal budget
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less than or equal to the thermal budget corresponding to two hours of
annealing at a temperature of 700C. 15. Process according to claim 13,
characterised in that the wafer is a Germanium on Silicon wafer and the

W eaoosmt Tseat treatment is carried out with a thermal budger{essthamors2s
equal to the thermal budget corresponding to two hours of annealing at a
temperature of 500C. 16. Process according to one of the six previous
claims, characterised in that the said sgcond treatment 10 includes a
second chemical treatment. 17. Process according to the previous claim,
characterised in that the said second chemical treatment is carried out
aftes dbe praparationfiep. 18 Riocessacenrdingdadhe previessaladinhg to
15 characterised in that the said, secand chemical treat t. ses the PIE
e St SR oo S, Lo PHELey SLoshnecd e of the o
previous! elaiRis taracteAsed it that thecdeddhd ‘chenfida@tfsdpidmess in

asspeiatadhwith aneexide depositionandihesmsefaativesd0 atching efithie the
oxide so as to define an etching pattern. 20. Process according to. eithe

i S o R e B
uskssverhpping back fdcetetchiry. Pi1e Protedy dagebrdinyg t¢ apgsheef to

the gleven 25 previous-alaims ~eharaciarised i thatthessaidsecond

treatmenf inclydes.a second. mechanical reatment, 22, Brocess according,.
to the préevious claim; charactersed in that'the s&id second Méch&nicar

treatmient, is chpried out et thenprépafatichstepz WO 200570576882 tment
PGTAB204/Q043261d chemical treatment.

17. Process according to the previous claim,
characterised in that the said secend chemical treatment is
carried out after the preparation step.

18. Process according to the previous claim,
characterised in that the said second chemical treatment
uses the RIE type of wet etching or dry etching.

19. Process according to one o¢f the twe previous
claims, characterised in that the second chemical treatment
is associated with an oxide deposition and then selective
etching of the oxide so as to define an etching pattern.

20. Process according to either claim 17 cor 18,
characterised in that the said second chemical treatment
uses overlapping back face etching.

21. Process according to any one of the eleven
previous claims, characterised in that the said second
treatment includes a seccond mechanical treatment.

22. Process according to the previous claim,
characterised in that the said second mechanical treatment

is carried out after the preparation step.
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31 23. Process according to one of the two previous claims,

characterised in that the second mechanical treatment uses attack by a
diamond, laser or ionic bombardment of neutral molecules. 5 24. Process
B 81Ng768%ne of the three previous claims, characterisedfHtHapKe04326
second mechanical treatment uses local polishing at the ring, to make a
bevel. 25. Process according to claim 10, characterised in 10 that the
second treatment includes the definitigdlof regions to be isolated from

any singular points in the surface layer of the wafer. 26. Process

according to the previous claim, characterised in that the second

treatmert UselBr& CBS phaibbegtaphy that efchestdrodVes délmiting ¢ivd ous

saigh segions inHhe surfacesefithessaid sydace layer. Z&2EeSsechanica
ac%ordi gégtoneugfetshe té/%(%(?riviogs claims, chara terisied in that the said,

. trea diamon laser on , 1on
isolated regions correspon fo reqﬁqrec?locafions at which c‘?nps Wil bg®n+<

20forriecion tiie wWafer 28 2Procass-aéedrding to the one of the three

previous; glaigs, shasacterissdinthatregions arg defined suebthad, thaik . s
coniour does not form argro'é%cting angIeE, the totp of which could form a
Tt d'be B with"a

sing Al oint HEFESUIa B Bsoctited “28 Witha Hefert fifgd  mechanical

treatment uses local polishing at the ring, to make a
bevel.

25. Process according to claim 10, characterised in
that the second treatment includes the definition of
regions to be isclated from any singular points in the
surface layer of the wafer.

26. Process according to the previous claim,
characterised in that the second treatment wuses a
photolithography that etches grooves delimiting the said
regions in the surface of the said surface laver.

27. Process according to one of the two previous
claims, characterised in that the .said isolated regions
correspond to required locations at which chips will be
formed on the wafer. _

28. Process according to the one of the three previous
claims, characterised in that regions are defined such that
their contour deoes not form a projecting angle, the top of
which could form a singular point that could be associated

with a defect line.



