PROCESS FOR FORM NG AND CONTROLLI NG ROUGH | NTERFACES
DESCRI PTI ON TECHNI CAL FI ELD AND PRI OR ART The
WO 2008/00043% rel ates to the field of mcrostruct BEEIB2008/000081
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sem conductor materials. In mcroelectronics, certain
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maintain’ mobility of this membrane.

Therefore document FR 2 857 953 discloses a process of
manufacturing BSOTI type structures in which a ‘so-called
structured zone is made, preventing bonding to another
surface. This type of structure is interesting in the MEMS
fabrication, and wmore particularly in the -cage where the
supexrficial gilicon membrane must be released to
manufacture sensors. .

During the release step, a step which comprises for ekample
an 'underlying: oxide attack, or during operation of the
sensor, the membrane bonds to the substrate, thereby
inducing dysfunction of the component.

As explained in the document above, a BSOI substrate that
coﬁprises a rough buried interface avoids this.problem; the
roughhess of the buried interface prevents any bonding
between the membrane and the support.



In docunent FR 2 857 953, roughening of the surface is
done by various techniques, for exanple by the use of
WO UYRBBWA [err] negatives", produced by the " ShHaFIB209R/000081

TM process. Such a process?2is described in FR 2 681

472 or alternately in B. Aspar et al., "The generic

nature of the smart cut process for thin film

transfer," J. of Elec. Material, vol. 30, No. 7, 2001.
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i nvention allows "Unibone" wafers (al so called
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mentioned above to be avoided.
DISCLOSURE OF THE INVENTION

The invention proposed furthermore allows greater
flexibility regarding the supply or manufacture of
substrates with gspecific roughness, since it allows the
roughness of the gsubstrates to be adapted according to
need. '

A process according to the invention allows “Unibond®~
~wafers (also called “negatives”) to be recycled by adapting
their surface roughness to the application of desiréd MEMS,
for example in the context of antisticking BSOI
manufacturing.

The invention first relates to a process for making a rough
‘interface with a predetermined roughness R2 in a

semiconductor substrate comprising:



the selection of a sem conductor substrate, presenting

a surface roughness of RI>R2, a thermal oxidation step
WQ 41089126 substrate until an oxi de - sen conduRCDHIB2008/000081

interface with a roughness »f R2 is obtained. Thernal

oxidation is preferably carried out on a thickness

that is greater than or equal to 0.2 pmor 0.5 pm and
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The semiconductor substrate with roughness R1 may be a
negative issued from the manufacture of S0OI structures by
the Smart Cut ™ techmnology (substrate fracture technique).

The invention also relates to a process of forming a
gsemiconductor component with a rough buried interface
comprising: ’

- the formation of a rough oxide/silicon interface with
a predetermined roughness R2 in a first semiconductor
substrate according to a procesé according to the
invention, such as explained above,

- preparation of the oxidized surface in view of an
assembly with a second substrate,

- assembly of the oxide surface and the gecond
substrate. '

The second substrate may be a bulk substrate, or even be
obtained by a process according to the invention, such as
explained above.



4 One of the two substrates may then be thinned, for
exanpl e by a nechani cal techni que and/ or chem cal
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BRIEF DESCRIPTION OF THE DRAWINGS

- Figures 1A and 1B represent obtaining a “Unibond” type
negative or rough substrate.

- Figurés 2A~2C represent an embodiment of the
invention. |

- Figure 3 represents the evolution of haze according to
the thickness of oxide formed.

- Figures 4A and 4B represent the assembly of a
substrate according to the invention with another
substrate.

- Figures G5A and 5B represent the assembly' of two
substrates according to the invention.

- Figure 6 represents a component obtained according to

the invention, with a cavity buried under a membrane.
DETAILED DISCLOSURE OF PARTICULAR EMBODIMENTS

First we will explain how a rough substrate wmay be
obtained. In the example chosen, it will be a “Unibond®~
wafer cited as a negative, obtained from a Swmart Cut™

process or substrate fracture.



DETAI LED DI SCLOSURE OF PARTI CULAR EMBODI MENTS First we

w Il explain how a rough substrate nay be obtained. In
WO pB@HAPpl e chosen, it will be a "Uni boneff wBEEIB2008/000081

cited as a negative, obtained froma Smart Cue'

process or substrate fracture. WO
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example in silicon. Concerning thesge bonding techniques,
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Wiley Interscience Publications.

A part of substrate 6 1s then detached by treatment
allowing a fracture to be made étlong the embrittlement
plane 8, An example of this technique is described in the
~article by A. J. Auberton-Hervé et al., “Why can Smart-Cut
change the future of wmicroelectronics?” published in the
International Journal of High Speed Electronics and
Systems, Vol. 10, No. 1 (2000), pp. 131-146.



W)2008/ 090426PCT/ | B2008/ 000081 6 On the one hand a
sem conductor conponent or el ement 12, and on the

WORMSOMAAhd a residual part 16 of substrate 6 BEEIB2008/000081

.formed, presenting a rough surface 14, due to the
fracture. This residual part conprises a rough
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the low freguency domain.

According to the invention, the roughness of the selected
substrate 16 adapted, for example according to the MEMS
type (application type, sensor type, membrane dimensions
and characteristics, etc.).

‘For this purpose, dgsoxidation of the negative substrate 16
is preferentially performed. The latter is then cleaned by
CARO RCA or ozone RCA type -cleaning. A possible cleaning
with TMAH (tetramethylammonium hydroxide chemical etching
gtep) allows approximately 2 to 3 um to be thinned to
eliminate an area disturbed by the implantation step. Then
the substrate 16 is oxidized under dry or wet atmosphere
for a thickness of, for example, between 0.2 pm and 2 um,
preferentially on the order of 0.5 um.



7 Considering the roughness of surface 14 of substrate
16, the oxidation front 22 is irregular and therefore
WQR0B/0PM3hsf er part of the roughness to an PCT/IB2008/000081

oxide/silicon interface that will be in substrate 16

at a depth that will depend on the oxidation

conditions, and particularly on the tenperature and
duratjon during which it is perforned. Figures 2B and
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Bondi ng of the oxidized substrate to the rough
interface may be carried out. Preparing the surface of
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Ag illustrated in Figure 4B, bonding, for example direct or
molecular adhesion bonding, may then be performed on a
second substrate 34, for example in bulk silicon. This
second substrate 34 may then be thinned. Any thinning
technique, for example, a mechanical technique, a chemical
technique,” a mechanical chemical technique or the “Smart
Cut ™ process may be implemented.

Direct bonding may also be carried out on a second

substrate 44, itself having a rough buried interface 42



10 CLAIMS 1. A process for formng a sem conductor
conponent with a rough buried interface from an
WO 2000426 ubst rate (6), conprising: a) the for RETABAORH00081

a rough interface (22, 22')?2with a predeterm ned ,
roughness R2, in a first sem conductor substrate (16),

WM.t h: Zthe s tiQ em du I at
(Fla‘b\Mé“'iIehng 50%{] ai neﬁ(]&%y fgrhakg%turfaeéeof %%% i%h%fa%égoa‘yst r‘gl?’é%@md
acequEling dserthien proeras arsquidedfabdigghness RI>R2, a
thermal oxidation step for this substrate being
carried out on a thickness greater than or equal to

Thery, Iy agferPlad SHUCIIER dBHEURR oFuPPitteg to thermal
treathiiedid ate Wdimhiaughness Rbridi@bt ahBedrabr and one or

more’ rtgrpfr{na:l{leé) nst?éptshlem ):f.ildiazegsc?f r£g C%t%&cg&irsé is obtained
comprising one or two rough oxide/silicon interfaces.
Figure 5B represents such a structure with two xough
interfaces 22, 42 and one residual layer 45 of the second
substrate.

During production of integrated senscr membranes or wmobile
parts, part of oxide 20 may then be locally removed by
etching through openings 111, 113 made in the residual
layer 45. One may therefore locally create cavitles under
membranes. The rough interface 42 prevents untimely bonding
or adherence of the membrane on the substrate 14.

‘Therefore Figure 6 represénts such a cavity 50 in substrate
46 after etching of the oxide layer 20 through openings
11L, 113 of layér 45, whose portion situated above the
cavity 50 forms a membrane. '

The examples given above implement a gilicon substrate. But
the iInvention may be . applied to all semiconductor
substrates that may be oxidized, and particularly:

monocrystalline 8i, polycrystalline Si, amorphous Si, SicC.



first sem conductor substrate, in view of assenbly

with a second substrate (34,, 44), c) the assenbly of

the surface of the oxide of the first substrate and of

t he second substrate (34, 44). 2. The process accordi ng

to claim1, the thermal @4 akd on bei ng done under dry

or wet atnosphere. 3. The process according to claiml
l.or 2 pihecssn tondiictoningubsteatieoseuetbed cooppmiesitngrith

HF be 5 d 10 RVMS. 4, Th
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substaat Q;&@%ﬁd;conprl sing an LF roughness between
2 and 10. nm RMES.

a) .the formation of a rough interface (22, 22')
with a predetermined , roughness R2, in a first
semiconductor substrate (16), with:

* . the selection of a semiconductor substrate
{16) Dbeing obtained by fracture of the
initial substrate (6) presenting a surface
{14) of roughness R1>R2,

* a thermal oxidation step for this
substrate being carried out on a thickness
greater than oxr equal to 0.2 um, until an
oxlde-semiconductor (22, 22") interface
with roughness R2 is obtained,

b) preparation of the oxidized surface of this
first semiconductor substrate, in vwview of
assembly with a second substrate (34, 44),

c) the assembly of the surface of the oxide of the
first substrate and of the second substrate (34,

44) .

2. The process according to c¢laim 1, the thermal

oxidation being done under dry or wet atmcsphere.

3. The process according to c¢laim 1 or 2, the
semiconductor substrate selected comprising an HF

roughness between 5 and 10 nm RMS.

4, The process according to one of c¢laims 1 to 3, the
semiconductor substrate selected comprising an LF

roughness between 2 and 10. nm RMS,



5. The process according to one of clains 1 to 4, the
second substrate being a ray or bul k sem conduct or
substrate (34). 6. The process according to one of
claims 1 to 5, the second substrate (44) itself being
obt ai ned by a process according to one of clainms 1 to
5. 7. The process according to one of clains 1 to 6,

5 one Tie t hbeotwsssabsbratiesy tthenohei g thiaimed, 1fee 4, the

exanpl e by a chani cal and/or chem cal techni que,

and/ ?C%ﬂ%sFngErFFﬁcﬁﬁ?%FJS? TR Rocl¥d katHdigiueor
one Qfpsd Ay {34, 7, at least one portion of the

oxide fornmed in the first O in the second

sem conduct or substrate being elimnated. 9. The

pro ing t l.aimg8, the elimmnation of a
Gbor?ﬁ%% ggggégso%F&er éﬁﬁb'%%r??%dogufﬂﬁvﬂgigkiga 5, the
thr auglorad  Ised@st rene open) ngifddils LkAngmdetaAnene ¥ a

the two substrates, .
process according to one of claims 1 to 5.

1. The process according to one of claims 1 to 6, one
of the two substrates then being thinned, for
example by a mechanical and/or chemical technique,

and/or substrate fracture.

8. The process according to one of claims 1 to 7, at
least one portion of the oxide formed in the first
or in the second semiconductor substrate being

eliminated.

9. The process according to claim 8, the elimination of
a portion of the oxide being carried out by etching
through at least one opening (111, 113) made in one

of the two substrates.



