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FORM NG AND CONTROLLI NG ROUGH | NTERFACES DESCRIPTI ON
TECHNI CAL FI ELD AND PRI OR ART . The invention rel ates
W 20B09P4261 d of microstructure manufact uri ngPGIBIBARYBA00081
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the membrane on the facing surface and to be able to
maintain mobility of this membrane.

Therefore document FR 2 857 953 discloses a process of
manufacturing BSOI type structures in which a 'sé-called
structured zone is made, preventing bonding to another
surface. This type of structure is interesting in the MEMS

_fabrication, and more particularly .in the .case where the .. ... ...

superficial silicon membrane must be releasged to

manufacture sensors.

During the release step, a step which comprises for example
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
corﬁpr:‘_Lses a rough buried interface avoids this problem; the
roughness of the buried interface prevents any bonding
between the membrane and the support.



bet ween the nmenbrane and the support. WD 2008/ 090426
PCT/ 1 B2008/ 000081 2 In docunment FR 2 857 953, :
rougheni ng of the surface is done by various
wechingapoes, for exanple by the use of "uni borm:T/IB2008/000081
negati ves", produced by thez2"Smart Cut 1M process.

Such a process is described in FR 2 681 472 or
alternately in B. -Aspar et al., "The generic nature
of the smart cut process for th| n filmtransfer," J.
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DISCLOSURE OF THE INVENTION

The invention proposed furthermore allows greater
flexibility regarding the supply or manufacture of

substrates. with  specific roughness, . 'since At allows Ehe

roughness of the substrates to be adapted accordlng 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 desired 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:



sem conduct or substrate conprising: WO 2008/ 090426
PCT/ 1 B2008/ 000081 3 the selection of a sem conductor
substrate, presenting a surface roughness of RI>R2, a
whoernsdooesi dati on step for this substrate untidrigeos/iocoos:
oxi de - sem conductor interBace with a roughness of R2
is obtained. Thermal oxidation is preferably carried
out on a thickness that is greater than or equal to
mor_ 0.5 pm and for exanple under dry or wet
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f r ot tdietatpiadf.act ure of SO structures by the Smart
Cut ~ technol ogy (substrate fracture technique). The
invention also relates to a process of formng a
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The semiconductor substrate with roughness R1 may be a
negative issued from the manufacture of S80I structures by
the Smaxrt Cut ™ technology (substrate fracture technigue).

The invention also relates to a process of forming a
semiconductor component with a zrough buried interface

comprising:

- the formation of a rough oxide/silicon interface with

a predetermined roughness R2 in a first semiconductor
substrate according to a procegs according to the
invention, such as explained above,

- preparation of the oxidized surface in view of an

. assembly with a second substrate,

- assembly o0f the oxide surface and the second
gubstrate. '

The gecond substrate may be a bulk substrate, or even be
obtained by a process according to the inventiom, such as

explained above.



expl ai ned above. WO 2008/ 090426 PCT/|B2008/ 000081 4

One of the two substrates may then be thinned, for

exanpl e by a nechanical techni que and/or cheni cal
wactms/epuecand/ or fracture of the substrate. Pdwm2008/000081
final structure may then be4used for exanple for

meki ng antisticking structures, which are BSO
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invention. Figure 6 represents a conponent obtai ned
SulgtE&§ing to the invention, with a cavity buried
under a nenbrane. DETAILED DI SCLOSURE OF PARTI CULAR

EMBCDI NEWﬁRfEf SHhESER MidoneoR @t Bﬁ%ﬁﬂé@uqh
substrate may be

- 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 vrepresent the assembly of a
substrate according to the invention with another

...Bubstrate. P S e

- Figures b5A 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 may be
obtained. In the example chosen, it will be a “Unibond®~
wafer cited as a negative, obtained from a Smart cCut™

process or substrate fracture.



obtained. In the exanple chosen, it will be a
"Uni bondO" wafer cited as a negative, obtained froma
Smart Cut'" process or substrate fracture. WO
AORO@O4B6 PCT/ |1 B2008/ 000081 5 As il | ust r at ®cir/iBR008/000081
Figure A a first sem condactor substrate 6 is
sel ected. This substrate 6 may be for exanple in -
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artco soanpmi.se a thin filmand an upper region 13
conprising the substrate 6 mass.. This inplantation is
general |y hydrogen inplantation, but may also be done
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ma@BDr vhileMantation is generally hydrogen implantation,
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co-implantation.

This substrate 6 thus prepared is then assembled by a
molecular bonding technique with a second subsgtrate 2, for
example in silicon. Concerning these bonding techniques,

“Semi-conductor Wafer Bonding,” (Science and Technology),

Wiley Interscience Publications.

A part of substrate 6 1is then detached by treatment
allowing a fracture to be made élong 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 microelectronics?” published in the
International Journal of High Speed Electronics and
gystems, Vol. 10, No. 1 (2000), pp. 131-146.

one may <refer to the work of Q.Y. Tong and U. Goesele,



pl ane 8. An exanple of this technique is described in
the article by A J. Auberton-Herve et al., "Wy can
Smart-Cut change the future of m croel ectronics?"
padodsitzestsi n the I nternational Journal of HirgiriBpwedooost
El ectronics and Systens, Veél. 10, No. 1 (2000), pp.
131-146. WD 2008/ 090426 PCT/1B2008/ 000081 6 On the
o135k AngBAT G0N aepepnseﬁ;l)gﬁ ofit CBRN 1 krent 0%,

on the other reS| strat
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c ed ove, IS select ThIS
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tedtifi ) in the high frequency dofmain and from2 nm
to 10 nm RMS (neasured by a nechani cal surface
roughness neasuring instrument with a 2 pm point of
FoB508xpmpbeans) is irt lkdllioanfrequency domai n. Accordi ng
to the invention, the roughness of the sel ected
substrate 16 _adapted, for exanple accordlng to the
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(AFM) on 5*5 pm®) in the high frequency domain and from 2
nm to 10 nm RMS (measured by a mechanical surface roughness
measuring instrument with a 2 pm point of 500 pm scans) in

the low freqguency 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, desoxidation of the negative substrate 16
is preferentially pérformed. The latter is then cleaned by
CARO RCA or ozone RCA type -cleaning. A possible cleaning
with TMAH (tetramethylammonium hydroxide chemical etching
‘step) allows approximately 2 to 3 um to be thinned to
‘eliminate an area disturbed by the implantation step. Then
the substrate 16 1is oxidized under dry or wet atmosphere
for a thickness of, for example, between 0.2 pm and 2 pm,
preferentially on the order of 0.5 um.



is preferentially performed. The latter is then
cl eaned by CARO RCA or ozone RCA type cleaning. A
possi ble cleaning wth TMAH (tetranet hyl anmoni um
modoasiadeschemi cal etching step) all ows apprrimsedosihyoos:
2to 3 pmto be thinned to 7elimnate an area
di sturbed by the inplantation step. Then the
substrate 16 is oxidized under dry or wet atnosphere
for a thickness of, for exanple, between 0.2 pm and 2
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frequenci es and anplitude (RMS, PV) of the desired

final roughness (R2) at the | evel of the oxide/silicon

R'2rRérRhce are controlled. According to the oxide
20,' 20" thickness generated t he roughness IS

therefo reduce \?{1 a&
B
¥y eéuﬁfl %g%% neés%%ﬁ Sevel o the ciLx ed elraE%d the
spatial frequencmes and amplltude (RMS, PV) of the desired
final roughness (R2) at the level of the oxide/silicon

interface are controlled.

According to the oxide 20,  20' thickness generated, the
roughness is therefore more or less reduced, which allows

“mthe.resultingmroughneés.atmthe.level.of.the.oxide/siliconm.”_u".w”

interface (R2} to be controlled.

Figure 3 represents the evolution of the “haze” measured on
the silicon surface (after oxide removal) with TENCOR
{6200) surfscan type equipment according to the thickness e
of oxide obtained after the oxidation step. The “haze” is
connected to the light diffused by the surface and is
therefore representative of the roughness of this surface.
The  *haze” therefore allows information on the surface
rougbness to be obtained according to the thickness of
oxide formed. One can see that, in the 0.5 pym - 2 um or 1
-pﬁl - 2 pm range of thicknesses, and even beyond 2 um,



interface (R2) to be controlled. Figure 3 represents

the evol ution of the "haze" neasured on the silicon
surface (after oxide renpval) with TENCOR (6200)

swo fosgamnsdsype equi pnment according to the thi ckorEB008/000081
of oxide obtained after thesoxidation step. The "haze"

' connected to the |ight diffused by, the surface
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t hi cknesses, and even beyond 2 pm WD 2008/ 090426
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ffect ma
cagﬁ%ﬁrb?§ COEISFiral rough substrate 16 nay
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applications. A substrate treated according to the
invention may therefore be, enployed for manufacturing
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1,01 nated. by oxi daLlon, i 19 LhLUsiiAled Lp HLOULg: 4 16
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then recommended an optlonal mechan:l.cal peripheral edge
removal step may also be done in order to eliminate the

crown that was not eliminated by oxidation.

As 1llustrated in Figure 424, a mechanical polishing step
may be performed to restore good surface roughness (that

.18, a roughness adapted. this. time to bonding). of the .oxide. ...

layer 20 (or 20%).

As illustrated in Figure 4B, bonding, for example direct orx
-molecular adhesion bonding, may then be performed on a
second substrate 34, for example in bulk silicon. This
second substrate 34 wmay 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



may be performed to restore good surface roughness

(that 1is, a. roughness adapted this tinme to bondi ng)

of t heoxi de--- layer 20 (or 201). As illustrated in

MazwgsdBs bondi ng, for exanple direct or nOPEUIB26U8/900081

adhesi on bondi ng, nmay then ke perforned on a second

substrate 34, for exanple in bulk silicon. This
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or the "Smart Cut process may be inplemented. Direct

bond b d t d b t
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or two rough oxide/silicon interfaces. Figure 5
Supgh¥akents such a structure with two rough |nterfaces
22, 42. and one residual layer 45 of the second
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etching of the oxide | ayer 20 t hrough openings

‘Therefore Figure 6 represents such a cavity 50 in substrate
'~ 46 after etching of the oxide layer 20 through openings
111, 113 of layer 45, whose portion situated above the

cavity 50 forms a membrane.

The examples given above implement a silicon substrate. But

substrates that may be oxidized, and particularly:
monocrystalline Si, polycrystalline Si, amorphous Si, SiC.
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a sem conduct or conponent mnth a rough, buried
interface, conprising: a) the formation of a rough
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substrate (3&1>R44). 2. The process according to claim

1, the tiherngl thg}hgftéfihﬁ]ﬁcﬁﬂ’st%? rficﬁ-dgiﬂ% Qﬂkf,ﬁtrate,

t hi ckness greater than or, equ
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b) preparation of the oxidized surface of this first
semiconductor substrate, in view of asgembly with
a second gubstrate (34, 44),

c) the assembly of the surface of the oxide of the
first substrate and of the second substrate (34,
44} .

The process according to c¢laim 1, the thermal

oxidation being  carried out on a thickness greater
than or equal to 0.2 ym.

The process according to claim 1 or 2, the thermal
oxidation being done under dry or wet atmosphere.

The proceés according to one of claims 1 to 3, the
semiconductor substrate selected comprising an HF
roughness between 5 and 10 nm RMS.

The procegs according to one of claims 1 to 4, the
semiconductor substrate selected comprising an ©LF
roughness between 2 and 10 nm RMS.
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4. The process according to one of clains 1 to 3, the
sem conduct or substrate sel ected conprising an HF
roughness between 5 and 10 nm RVS. 5. The process
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SubSh&EﬂE@ substrates then being thinned, for example by
a mechanical and/or chemical technique, and/or

substrate fracture.

The process according to one of claims 1 to 92, at
least one portion of the oxide formed in the first or
in the second semiconductor substrate being

eliminated.

The procesgs according to claim 10, 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.



