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Therefore document FR 2 857 553 discloses sguch a process
for manufacturing BSOI type structures in which a so-called
structured zone 1is made, preventing bonding to another
surface. This type of structure finds interest in the MEMS
~field, and more particularly in the case where the
superficial éilicon membrane must  be reieased to

manufacture sensors.

During the membrane release step, a Step,which comprises
for example an underlying oxide attack, or during operation
of the sgensor, this membrane happens to bond to the
substrate, thereby inducing dysfunction of the component.

As explained in the document above, a BSOI substrate that
comprises a rough buried interface avoids this problem; the
roughness of the buried interface prevents any bording

between the membrane and the support.



2 In docunment FR 2 857 953, roughening of the surface

i npl ements various techni ques, for exanple nechani cal
“and/ or chem cal thinning (mechanical -cheni cal

pad dosdmgs  grinding, TMAH or HF/ HNO3 et chi ngdcT/iBenseocoss
techniques may create defeets on the surface of the
sem conduct or substrate (and even in the depth of the
substrate in the case of grinding) that may generate
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compephanpAysi cal characteristics. DI SCLOSURE OF THE
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certain applications.

Therefore the problem is posed of finding another process
.fhat allows a rough surface to be made on a substrate
without increasing the density of defects on the initial
substrate and without modifying its main physical

characteristice.

DISCLOSURE OF THE INVENTION

The pregent invention allows a first monocrystalline
semiconductor substrate with a roughened surface to be
lmanufactured. This first roughened substrate 1is a
homogeneous material presenting a very low density of
defects, identical to that of the starting substrate (of

monocrystalline Si for example).



WD 2008/ 090428 PCT/ | B2008/ 000086 3 This roughened
substrate may then be used for making antisticking
structures, that is, BSO structures having a
maumhseedsburi ed i nterface. The invention parpdomasiyose
relates to a.process for foBdmng a rough interface or
topol ogy in a sem conductor substrate conprising: the
formation, on a surface of said substrate, of a zone
ularjties in a materi that may be oxidi zed
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topology or roughness of said substrate surface is
deposgited or formed on a surface of the first substrate,
then this material and at least a part of the substrate is
oxidized, or a part of this substrate through this material

is oxidized.

..The oxidation step may be a dry or wet oxidation step at .
temperatures between 950° C and 1200° C.

The conditions of the oxidation step are adapted in such a
way as to allow the material added on the first substrate
to be oxidized at least entirely. The oxidation front also

preferentially reaches the substrate.

According to an embodiment, a homogeneous or heterogeneous
layer is formed on the first substrate, this layer being
rough and having a thickness d for example of between 100
nm and 1 uym. This layer is not an oxidation barrier. The
substrate is for example in a semiconductor material such -
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the layer is then, for exanple, in polycrystalline
silicon. The initial surface topology or roughness of
woonmasessal  or | ayer fornmed on the surface mafrisb@s/ooooss
first substrate is transfeared.to the substrate by
oxidation of this material or this layer, or by
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transferred during the advance of the oxidation front.

The oxide may then possibly be withdrawn and a new oxide
deposition or a new oxidation may be carried out on the

rough surface of the substrate.

"The initial oxide or new oxide may therefore undergo
‘mechanical-chemical polishing in the perspective of bonding

by molecular adhesion.

Assembly with another substrate having undergone treatment
according to the invention or 'with an untreated bulk
substrate may then be carried out. In both cases a part of
the assembly, for example one of the two substrates
assembled, may then be treated, for éxample by thinning.



The roughness or topol ogy may be formed by the
deposition of a silicon oxide |ayer or a |layer of
pol ysilicon or anorphous silicon. According to yet
»ptobeesoesbodi ment, roughness or topol ogy nNeRCTIAB2008/000086
i nduced by the deposition of particles on the surface
of the substrate. BRI EF DESCRI PTI ON OF THE DRAW NGS -
The | BURTdA e Napis; rrég bR 18f ¢ deposition
£ Dvention. - Fi gures 2A-2 andISA-BB ripreientlanother
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t he correspondi ng bondi ng problens, and wth
roughness (Figure 9). DETAILED DI SCLOSURE OF
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- Figures b5A and 5B represent the assembly of a

substrate according to the invention with another .

substrate.
- Figures 6A and 6B represent the assembly of two

substrates according to the invention.

- Figure 7 represents a substrate according to " the
invention in which the oxide layer was eliminated and
then replaced by another oxide layer. ‘

- ... .Figures 8 and 92 vrepresent devices without roughness

(Figure 8) and the corresponding bonding problems, and

with roughness (Figure 9).

DETAILED DISCLOSURE OF PARTICULAR EMBODIMENTS

According to the invention, substrate 2 is selected in a
first semiconductor and monocrystalline material, whose
surface 4 presents a roughness egual to R1 {Figure 13A).

A second material 6 is then formed or deposited on the
gsurface of this substrate. The surface of this material
presents a roughness R2 relative to the type of layer



deposited and to the deposition technique utilized.

This roughness R2 is greater than roughness Rl of
substrate 2. The roughness cones fromdifferences in
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to the surface 4 of the substrate), between the high
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than the initial roughness R1 of surface 4.

This will have the consequence of generating a rough
_interface 12 between the thermal oxide 10 generated by
thermal oxidation and the substrate 2 (Figure 1C}.

If the layer is not initially an oxide, the layer' 6,
deposited on substrate 2 and possibly part of the
substrate, will have been entirely traansformed during
- oxXidation. If layer 6 is an oxide (it 1s for example
gilicon oxide), oxidation will have transferred the
roughness or topology of the surface in substrate 2, part
of the latter being, in addition, oxidized.

According to an embodiment of the invention illustrated in
Figures 1A-1C, a starting substrate 2, for example .in



7 silicon, is selected. A deposition 6 is forned on

the .surface 4 of substrate 2. This deposition is for
exanple in polysilicon or anorphous silicon. The
MoughsieessR2 of this deposition 6, on the oreeErmsbosnocess
several nm of AFM RMS, for 7exanple between 1 rim and

10 nm for exanple even for 5 pmx 5 pm scan mﬁndoms,
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of d/0.44 under surface 8, or in the substrate 2
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on this surface, that would obstruct nobility of the
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be gixidnzefat the t hi ckness deposited is large. In
addi tion, generation of thernmal oxide w th higher

t hi ckness _ tends tq reduce roughness before the
At fhegsnd et fde oxidation step, the oxidation front 12

or oxide—substrate interface is substantially at a depth of
d/0.44 under surface 8, or in the substrate 2 itsgelf
(therefore at a depth, under surface 8, that is greater
than 4/0.44).

_This front or interface has a final topology or surface
roughness R3 egqual to or substantiallyA less than R2, but
greater than R1l. This roughness R3 is sufficient so that,
if a membrane is positioned facing this roughness surface
R3 and comes in contact with the surface, adhesion of the
membrane on this surface, that would obstruct mobility of
the membrane, cannot be achieved.

The roughness R3 of interface 12 may be adapted: the
roughness of surface R2 of the deposited material 6 is all
the higher given that the thickness deposited is large. In
addition, generation of thermal oxide with higher thickness
tends to reduce roughness before the oxidation £front.



WO 2008/ 090428 PCT/ | B2008/ 000086 8 Therefore, by
exploiting the 2 paraneters that are the thickness d

of deposition 6 and the oxidation thickness, it is
paswode4280 control the final roughness R3 of PQHEB2008/000086
buried interface 12, the ogide/silicon interface in

the exanple given. These considerations remain valid
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According t other embodiment wof the invention,

illustrated in Flgures 2A, 2B, and 3A, 3B, a deposit of
beads or particles {not necessarily of spherical form) 14,
14' in silica or silicon for example ig made on the surface
" of substrate 2. These beads will form a topology in the
sense already explained above on the surface of this
~substrate 2. The amplitude of this topology is defined by
the diameter d, or the maximum dimension, of beads measured
according to the axis z (perpendicular to the surface 4 of
substrate 2), of the particles deposited. The particles
from Figure 2A have a diameter dl; those of Figure 3A have
a diameter d2 that is less than di.

During the oxidation step, an irregular oxidation front
will be generated; which will again have the consequence of
forming a rough interface 22, 227 or substantially
reproducing the initial topology formed by beads or
particles 14, 14’'. This interface is the oxide/silicon type



particles 14, 14'. This interface is the oxide/silicon
type WD 2008/ 090428 PCT/ 182008/ 000086 9 in the

exanpl e of substrate 2 in silicon and particles 14,
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I n connec |gures
than or equal to:

E=d/0.44
allows almost all of the particles to be consumed. This
time d corresponds to the diameter or to the maximum size

of the largest particle.

.. Thig  technique also allows inhémogeneities in the
concentration and size of particles 14, 14’ to be created
on the wafer, thereby allowing different types of
roughnesses and/or topologies. to be formed on the same
wafer: to do this particles 14, 14’ with varied diameters
are deposited, for example particles with a dlameter 41 and
particles with a diameter d2 that is less than dl.

Two other embodiments will be explained in connection with

Figures 4A-4C.



WD 2008/ 090428 PCT/ |1 B2008/ 000086 10 According to one
of these enbodi nents of the invention, a rough
deposition 36 of oxide or nitride is made (by LPCVD
wio fbsdduzkechni ques) on substrate 2. The r oughmassook8ocoss
of surface 38 of this deposistion is greater than
roughness Rl of the initial surface 4 of substrate 2
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deposited. A buried rough interface 32 is also

formed, havi ng a roughness R3, close to R2, nore
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gréé]ﬁeﬁxﬁ:dﬁw Oofowdiftfedss BUCKH hahet hithit@eldagipfadd 0Bt of

t, initial substrate 2 and possibly
pr%%%%%ses |y&§%bé??ate 2, beyond its initial surface

4. In the case of oxide layer 36, it is crossed by the
Duﬁi(rhgﬂath@ﬂnail OBk 1 MY Ldh, Tt tih.@f Bar Woki a6 Zﬁrérh:e 31
is Sﬁ?é&r&ta heuOX|g§ i‘on Wi, tﬁul t he transfer f ined

PG hAESLVET fa%ﬁ §’§ i R s t3ate. explaine
aboygor dlheag torggelanotdieragisodi fentdwt thee theensiwofpce

rodéhrie%s pQﬁSI l@h@ t@a{,’@i‘e 75 | A8lo=38Jan OXi dgy b0 rough
LPCVD or t her nal OXI dation) or
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this layer by HF attack (the, concentration of this

may vary fromto to 49e) or with H3P04 '
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PaFatti-on front will be transferred in substrate 2.

Her e
In the case of oxide layer 36, it is crossed by the
oxidation front which, Ffurthermore, will oxidize the
substrate. The oxidation will allow the transfer of the
roughness of surface 38 in the substrate.

According to yet another embodiment of the invention, it is
possible to make a layer 36 in oxide (for example by PECVD
or LPCVD or thermal oxidation) or in nitride {for example
by PECVD or LPCVD), then to roughen the layer or to
increase the roughness of this layer by HF attack (the.
concentration of this may vary from 1% to 49%) or with
H:PO, (orthophosphoric acid) for SiN. This attack is
~stopped before reaching substrate 2. ’

If, as has already been explained above, a second oxidation
is carried out after the xoughening step, the'irregular
oxidation front will be transferred in substrate 2. Here



WO 2008/ 090428 PCT/1B2008/ 000086 11 al so, the thernmal
oxi de thickness 40 (Figure 4C) forned w Il be such

that the oxidation front crosses interface 4 and
manEbg/aes i n substrate 2. The roughness of imtemshassocoss
32 may be adapted by varyingt on the one hand the
parameters (time, concentration) of the HF attack
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stdhe materi aI | ayer 10, 20, 201, 40 nmay be elim nated,
therefore |l eaving the oxidation front 12, 22, 22', 32
exposed at the deS| red roughness R2. A.new.{ her nal
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di pRsfaartmegplacatdenst o restore good surface roughness
(that is, -a roughness adapted to direct bonding) of

the oxi de | ayer 10 (Figure 5A, as in addition Figures
In grareBukaspr eblenmayt he |eay>ép1f;e:d Fprwdiheofmanifigsitaire of

anthift iikied | @)se&s %Qbs%%teéo 6a aﬁ\@upéﬁpoﬂffegﬁeﬂarate
illustr bon for exa
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2281 4L UpoRIES 38€¢8R0desired roughness R2. A new thermal

oxidation step may be carried out to generate very high

quality silicon oxide.

The oxidized substrate may be bonded to the zrough
--interface. Preparing the surface is then recommended.

As 1llustrated in Figure 5&, a mechanical chemical
polishing step may be performed in order to restore good
surface roughness (that is, a roughness adapted to direct
bonding) of the oxide layer 10 (FigureQSA, as in addition
Figures 6A, 6B, represents the layer 10 by way of exaﬁple}
but other layers 20, 20‘, 40, 60 are also affected).

As illustrated in Figure 5B, bonding, for example direct
_ bonding by wmcolecular adhesion, may then be performed on a
second substrate 52, for example bulk silicon. This second
substrate 52 or the first substrate may then be thinned.



substrate 52 or the first substrate may then be

t hi nned. WD 2008/ 090428 PCT/ |1 B2008/ 000086 12 Any

t hi nni ng techni que nay be inplenmented, for exanple a
wmechesmooak, chenical or nechani cal chem cal trmiwBRae®e0oss
or the "Smart Cut '"" process. Direct bonding may

then be carried out on a second substrate 102, itself
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parts, part of the oxide 10 may then be locally
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exanpl e, layer 10) was not honbgeneous enough. To do
this, one may carry out a desoxidation step with an HF
Durhwlr theugiciuadiidn sof utinbrgrabéd owedsby ardimrargs or

mol@i(legathBsSt gRrel Ssubshtalside :Lfberﬁ  daagr ald ngoéafzdy
é 60. The interface her e ¥$%§nerate
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unddd %et&kﬂ%nesr S&'heoi'bggﬁ' PRterface 112 prevents ill-timed
bonding or adherence of the membrane on the substrate 2.

Another wutilization of a substrate according to the
_invention dis illustrated in Figure 7: the oxide 10, 20,
20%, 40 may be replaced with an oxide layer 60 if the first .
(for example, layer 10) was not homogeneous enocugh. To do
this, one may carry out a desoxidation step with an HF
(hydrofluoric acid) solution, followed by a thermal
oxidation step of substrate 2, thereby generating the oxide
layer 60. The interface 12’. thereby generated has a
roughness that is less than or equal to that of the rough
interface 12, of roughness R3, obtained after the first

oxidation.

One advantage of a manufacturing process according to the
invention 1s the flexibility of obtaining a rough



One advant age of a manufacturing process according to
the invention is the flexibility of obtaining a rough
WO 2008/ 090428 PCT/ | B2008/ 000086 13 oxi de/silicon

wu mof/@oees t he roughness frequency ranges t hatr/mseons@ose
reached are large, while a mubstrate is kept in a
crystalline material and free of defects. Another
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C. _Constructing a rough buried
mon?ﬁﬁ?%%ﬁﬁ}%ﬁ?g&}éﬁﬁan %Férﬁfl Ventlon is especially
interesting for manufacturing an "antisticking" BSO
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1n$ doc ment FR 2857953. I n a process accordlng to the

o, ?H@cFﬁﬁbﬁ%E%éﬂféﬁF%iﬁ@@bﬁﬁ§ be i nspected
for exanple by measuring haze on TENCOR 6200
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2004, pp. 50-54. ‘
Constructing a rough buried interface according to the
invention is especially interesting for manufacturing an
*antigticking” BSOI - type substrate, the application
described for example in document FR 2857953.

In a process according to the invention, the roughness
obtained may be inspected for example by measuring haze on
TENCOR 6200 (surfscan) type. equipment. This parameter
provides information on the surface roughness on the
totality of the substrate surface (“full wafer” mapping),
as explained in. the article by F. Holsteyns et al., “Seeing
through the haze, Process monitoring and qualification
uging comprghensive surface data,” published in Yield

Management: Solutions, Spring 2004, pp. 50-54.



WO 2008/ 090428 PCT/ 1 B2008/ 000086 14 The roughness may
al so be inspected by AFM (atom c force m croscope)
measur enent on scans typically ranging from1l pnt to
W@0N0s/0d2s Figures 8 and 9 illustrate the di fé@anenmesociss
i n behavi or between a devine w thout a rough
interface and a device wth a rough interface. In
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evi ce”'s lrcl:olrrl 0'the invention, in which the upper

face 12 of the substrate 2 conprises a roughness
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opgFpetos f dée firdrhednsPrRPREBE - WD 2008/ 090428

PCT/ 1 B2008/ 000086 15 CLAI M5
Figure 9 again represents a device according to the
invention, in which the upper face 12 of the substrate 2
-comprises a roughness obtained by a process according to
the invention, for example such as explained above in

connection with Figure 6B.

These roughnesses will prevent =zones 107 and 109 of
..membrane 110 from adhering to the upper surface 12 of

substrate 2.

In a variation, this may be the lower face 112 of membrane
110 that comprises a roughness obtained by a process
. according to the invention, for‘example-such as expiained
above in connection with Figure 6B. This roughness prevents
zones 107 and 109 of membrane 110 from adhering to the
upper surface 12 of substrate 2. '



1. A process of formng a rough interface (12, 22,

22', 32) in a sem conductor substrate (2) conprising:

- the formation, on a surface (4) of said substrate,

oo mog@oesof irregularities (8, 38) in a matmriiakoogBoooss
14, 14', 36) that may be oxisdi zed, and/or does not
shield oxidation, the formation of a rough interface

in the sem conductor s%ﬂe (2) by thernal

oxidation of, or throu is material (6, 14,141,
36), and a part of the sem conductor substrate. 2.
1. Thea ppo6€sss asE OFEdining Oa Craugh lint&efzame ( m 22, 227,

ir rgg)ul aﬁl t 's%%u%% E%b?@?k@?ﬁlgaﬁié [ &rjalco ﬁgﬁ t36)

presentln a rougnness IS great ]
initial Wf@ghﬁ%@@a‘@m: OTOR hedsyPHAERcH! s d of said
substrat@be&ra“&l&e REOSE§Enacsr Lirgyiiardtdies 28,t Be) in

addi ti onal tp%(ﬁer& r@w ng an,j nlgé)alt ﬁlmngr}é&e%% g%zrggggd

10 nm arfd pf oces’s accor
cl ai s 2wt/ g, dolee npéughh%‘s@ @tidatdoaddi tional | ayer

bei ng baﬂﬂﬁerfdkd§ﬁloﬁwso§ndalorﬁﬁgﬁwslntﬁrﬁa5epn1ﬁ Sthe

Th
P e L 0E° BBERREE) 19, oD 5hef S o
36) bei ngE, ottt atlmeclddy, priiy wdeshical Bt akk ol4the36)r
addi tionaly J a4ek 68 tB8) sehibSndidi¥r Gh@Eteakeat tack

not reaching "the substrate (2). 6. The process
according to one of clainmns 1 to 5, the zone of
2. | r r g @sma& badm@zﬁclmged ton allaayler lof thel ygphe coﬂf

@F@éﬁﬂlﬂﬁ ‘fg;?l %OQ%Z%%ES% lﬁé&’%/ @@00%)
e process ac to one o al ns

thepr%‘ifﬁéilf{ﬁ 3 r¥gimass i 68 oetiaf £ rfé’ae%‘he% F%%rthe
of iwidiLfion exiditheds Si{R1Q0N o trtlde. surface of said

substrate.

3. The process according to claim 2, the additional layer

having an initial thickness between 10 nm and 3 pm.

4. The process according to one of claims 2 or 3, the
roughness of the additional layer being between 1 nm
..RMS and 10 nm RMS, in,a 5 pm x 5 um scan.

5. The process according to one of claimg 2 to 4; the
roughness (R2) of the additional layer (6, 36} being
obtained by prior chemical attack of the additional
layer (6, 36), this prior chemical attack not reaching

""the substrate (2). '

6. The process according to one of claims 1 to 5, the
zone of irregularities being formed on .a layer of

polysilicon or amorphous silicom.
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1i.

12.

13.

14.

-f or R’ DB RSGtat | AFOHI e F8sh CLR&™r odgh

8. The process according to claim5, the additiona
|l ayer (6, 36) being in thermal oxide or nitride, the
roughness (R2) of this additional layer (6, 36) being
olg Abn@dsBy prior attack of HF or H3PO4. 9. TIREI/IB2008/000086
process according to claimis the zone of
irregularities conprising particles (14, 14")

depgsited on the surface (4) of said _substrate, 10.
Thoit oBeelakearalRatEs EhhiHoo et etBaRt! &1 e i 0

a nasneumidi dreeeulatitdiese, bevag ufetmpd| | oW Ag AYeXi 8T
per pengdé&nl Gided drh@i3ubshr at €rpde bet ween 10 nmand 10
pm 11. The process according to claim 10, the
particles having different diameters or different

-si z8ke Pphessss sicegdiegngonedsimed, f@id eWdigigmadxileyer

per pendi g4y arye iy (e SURSLHAL €. odide T PIIGES8e, the

according to one of clainms 1 tq 11 he oxidation, .
S CEObEIRES (15 GIF et SRR OBREIEVEH (Gt opoat Pging
t enpetatnd MHetpuder 850aCkanfl HR0r G3FLB. The process
according to.one of clains 1 to 12, the oxidation

step being followed by a step of _elimnati ng oxi de
tBEr f 0B ©OF
t hetreeglilefiafideor mMotphpa isengt hepaekiokede [ayer. 14r)

The f form e 0 fs t with
2 APy ae o din ek 2eS L F AU SORERRGE 126
PCT/ 1 B2008/ 000086 17 - the formation of a rough

| ntewd agodebd adord2ng t8231aim ae f idrsd (BaHicQedUREoLng
substrai e aC%ﬁHdi%%r Lo gggeof cgéﬂfgﬁ:%éfio%% U8 axis
pr e?)arpaa)flr“buﬁ“o e SuPt ate*of Teﬁe_ 8xi e or Ot he

oxi Pkrshdfatd@iralto( 6helgubgyratg@Ef hatwgaswllopm and 10
assgpbly with a second substrate (52, 102),

The process according to claim 10, the parficles
having different diameters or different sizes, these
sizes being measured following an axis perpendicular
to the substrate.

The process according to one of claims 1 to 11, the
—oxidation step being a dry or wet thermal oxidation
step at a temperature between 950° C and 1200° C.

The process according to one of claims 1 to 12, the
oxidation step being followed by a step of eliminating
oxide formed by oxidation, to refresh the rough
surface, then a step of forming a new thermal oxide

layer.

The process of forming a semiconductor component with

a buried rough interface comprising:



15.

16.

i7.

18.

-

20.

21,

the assenbly of the surface of the oxide or oxidized
material (6, 14, 14', 36) and the second substrate
(52, 102). 15. The process according to claim 14, the
waECnossoRabst rat e being a raw or bul k subst r aGI/IB1@8/000086
The process according to cl&# m 15, the second
substrate being a nonocrystalline or polycrystalline

or amrph@@sfﬁma@{&h %stet rﬁ&ﬁ;}i %rnng(facé7 cﬂhezz t22',
process corai ng O ClI al e se ubstra \
P re obse bR Boesnf | St S 3 0 B8 ing
cl ai ms 1lto oori8.ofl & lallme pr boeds, accordi ng to one of

claims 1dpdOpldpa P ol of NenEWRLS¥RSEN Qifestﬂé‘eBxP&é NGy
t hi nned. 19. T process accorgeling to one of clainms 14

to .18, &g P%%t@%z‘%j%em?n‘b?ﬂ%'n okt delbr oxFli zéB ViEW
mat eri al ob&nm@mmly mitat adsed6nd Thdbgirxeoes S(5&¢ candi ng

to claim (r:n]ﬁ:o',lkm &ﬁt 't%ré ogurﬁ?cpé)rtdfontﬂé Wl or

bei ng done b east one openi ng
(111, 11<3?}1¢Fa?cﬁéi m-'flt@ﬁréaéf (fa' hel‘i* wol4 subkf)r &k the) sepad
process a@eafwhuyg (5@, onezpf clainms 1 to 20, the first
substrate being a nonocrystalline or polycrystalline

or anorphous silicon substrate, or SiC.
The process according to claim 14, the second

substrate being a raw or bulk substrate.

The process according to claim 15, the second
substrate being a monocrystalline or polycrystalline
or amorphous silicon substrate, or SicC,

The process according to claim 14, the second
substrate being obtained by a process according to one
of claimg 1 to 13. '

The process according to one of claims 14 to 17, one
of the two substrates then being thinned.

The process according to one of claims 14 to 18, at
least one portion of oxide or oxidized material being

eliminated.

The process according to claim 19, the elimination of
a portion of oxide being done by etching through at
~least one opening (111, 113} made in one of the two
substrates. ’

The procegs according to one of claims 1 to 20, the
first substrate being a monocrystalline or
polycrystalline or amorphous silicon substrate, or
sic.



