; e3e~5{001D2" 2~| 464T5TY?4 A DEVICE AND A METHOD FOR AUTOVATI CALLY

| NSPECTI NG THE SURFACE QUALI TY OF A WAFER BY MEASURI NG Bq\mmlmmm Wge
present invention relates in general tq_the processi ng of ”, re

(\particularly substrates for 5 electronics, optics, or optoelechjap cs. Mre
precisely, the invention relates to a device for characterizing the bonding

ot hod usi o Bt A= 10 Gen BeTMRReFbRsupOFne T B b B PO e ol VEE are
al ready knBURFACHE QUALITY aF, At WBFBBNHY NYEAFERINGeBOYBANGWSPREDer s of
material can berghapactenized Li 2KN0W0.FBANG,, WHERL15.at cheast one of

5
the wafers is fornegggron1a senlconguctor naterlgﬁgsuc% as silicon. Such
waf ers genPraFegshagecs MpSRriRdpedMote] PAsLaARYLlardYt ppPearpyest toe or der

of fewshundnedtibaieds bBkeks, SuehoprbersceaBnkesbonded one to another to
20 constitute nufti-layer structures, the two nded mafer§ﬁ§055|bly bei ng

t b
of different nalt'BFFaPESCEGR HerFh§péEVFPEéPPoﬁ§8?E§§rHpna 1g§Gality of
such waf er soeaBhbeaextregthy ekacbbagingnspaedi bekaeeastwegandarwafers for
use in cons%i%g%%ggagubstrates of the 25 above-nentioned type. \Wen bondi ng
waf er s t098 her,-sard 'surface quality specifications are even nore
stringent, in pdhei covantaenr egapdsefihbesutbasemedbbghingsdngf sehd waf er and
the aBgencg.of ~Lnpurities on that surface. 30 Clearly, then, it is
particularly |nBortant t hat hi gh perfornmance neans should be available to
characterize saPg8ViGefaeé §hal pbpveonenkieRAdinEdRS PEF ehaPaE¥eri zi ng the
surface qughbiy.of two wafers (at | east one wafer possibly being 35 forned
froma sem condyct or nateﬁial ?Egh as .silicon, aEd t he two mafgrs havi ng

the sane di sk- sh3pBarbafri-Aé) cBABEF PHt EBS6§ PREVESH SWPnY25F&Pat i ons:

of material can be characterized in a known manner, when

15 at least one of the wafers is formed from a semi-
conductor material such as silicon.

Such wafers generally have a disk-shaped outline and
are typically of the order of few hundred microns thick.

Such wafers can be bonded one to another to

20 congtitute multi-layer structures, the two bonded wafers
possibly being of different materials.

Further, specifications regarding the quality of
such wafers can be extremely exacting, in particular as
regards wafers for use in constituting substrates of the

25 above-mentioned type.

When bonding wafers together, said surface quality
specifications are even more stringent, in particular as
regards the surface roughness of the wafer and the
absence of impurities on that surface.

30 Clearly, then, it is particularly important that
high performance means should be available to
characterize said surface quality.

One known means for characterizing the surface
quality of two wafers (at least one wafer possibly being

35 formed from a semiconductor material such as silicon, and
the two wafers having the same disk-shaped outline) is

constituted by the following operations:
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2 bringing the respective surfaces of said wafers into contact to
constitute a stack having the general shape of a disk and with the two

waf ers placed side by side; 5 conpresggng the stack formed by the two
wafers at any point on said stack; neasuring the tine required to
establish a bond between the two wafers follomﬁng sai d conpression. 10 That

d the " d |
forming hydr ogen Honfe B2t el SEhEEBRFRite SHEAECPug war e "CIeFe

form ng hydrogen bon ers
accurately, between OHtbordstertt he C@Spé@thhé sustacés hefvinge thwo waf ers).

15 To deterine the handing sneed o8N.0RGLA! Ghdl GIOHIEHLNE.L TR castween the

initial conpression e arr ing wave at the other
extrenmity of the sta@RaC§§|61§6nHVn§1QGVe bei ng observed through the wafers

by tramssmitting infracegreadiati eRef BeALR $6WMEE Bhaced 2Qobeagath the
stack, the operator obserV|n said stack from above (using nmeans such as a
screen reconstituting tﬁ8Y|H§QQtpPBV?8é S§ank'|nfrared canera | ocated
above the stack) .e Theabamdhngtipeedmesregpiesentat egeabfl ishe asivohdce 25

quality of the “aferﬁet%eghgghQOQQ'”%a%@%%dfoﬂ? gghgsﬁgggd surface quality,

whil e a sl ower bonding speed PndiCat 8t resence-o ef ects and/ or
inpurities on the maﬁ@mpgassa@e The surfaces of wafers | eaving a

fabrigation 30 &ﬁgklkgmeegglgbgmggvghgl“ggggghé angeresi dues which are both
chem cal in nature (princip bonds w th Superficial wafer particles)

and nechani cal i'RoRdingé epyﬁﬁﬁéV|9orréa§ﬁﬁé§stae¢@ém§n9tH@dﬁpegénce of
abr asi ve p@bhﬂ§|Qét%EQnSuﬁ@rEUQEabeEEb§|th@ €QBt aairaadt Yordd To i nprove

Lhe surface dusli iy, MESpULNe oL Lhe bonsld.spesd e generally precedec
of the two wafers)

15 To determine the bonding speed, an operator records
the time between the initial compression and the arrival
of a bonding wave at the other extremity of the stack,
said bonding wave being observed through the wafers by
transmitting infrared radiation from a source placed

20 beneath the stack, the operator observing said stack from
above (using means such as a screen reconstituting the
image provided by an infrared camera located above the
stack) .

The bonding speed is representative of the surface

25 quality of the wafers: a high bonding speed indicates
good surface quality, while a slower bonding speed
indicates the presence of defects and/or impurities on
the wafer surface.

The surfaces of wafers leaving a fabrication

30 facility exhibit several defects and residues which are
both chemical in nature (principally OH bonds with
superficial wafer particles) and mechanical in nature
(typically, roughness defects, the presence of abrasive
particles and superficial metallic contaminants) .

35 To improve the surface quality, measurement of the
bonding speed is generally preceded by cleaning the

wafers, consisting in immersing them in succession in:



3 at least one basic dip. This step is intended to devel op the
hydrophilicity of the wafer, by creating OH type bonds at the surface of
said wafers; 5 then an aci d dip, to rgnove contam nating elenments (in
parti cul ar netals) fromthe wafer surfdce, which contam nants nay have been
i ntroduced by preceding wafer processing steps (in particular the basic

dip). 10 Thus, a nethod, for char ter|2|gﬁ surface quality, of mg rsis
known. However, tHMat2hetfdath3RePUFEGdTERt agEtRafePFy +RatPFEPf€9carri ed
out manual |y by an obsedseslapothaphedeopsilheidyfdrent saéps, (paci ng the

waf ers on the neasur exi.c S olLo by
observing the bond|ngggﬁégngt¥%1gﬁp%nb%hﬁérﬁgggﬁghéug %néks%gg%, etc...)

. Further, that priovabersnecessitates carrying out measurenents of the
bondi ng speed on g dedigatgd, g@@ugip20tgeyéﬁgvetggﬁtamgﬁgglggndlng cannot
be carried out automatically. Devices exist which allow automatic bonding
of wafers to be carrPeEMBRESW 1R PHELLFH 8F BPeRrhE! oREPMHERGI WEERAL her t han

characterizing the sgnfageeuahity. cadtSheashys @@yonsv@t@éeﬁould enpl oy
such automatic bondlnafdeglcea to carr%dout a Feasurenent tPe bondi ng
th

speed in conjunction® BoRdi Ry, PTRESIHPA AR A Pﬁ?%?ﬁﬁ%?%n €Har di ng the

surface quality of tkenwadetrickbaevehe basiendiy) . is not possible to

envi sage 30 such, g usg 8&t§8&°§8£'8£§?§9£§ﬁ'QEM'C§§¥P¥c8“ BQfgé%oéf The
m cro-mechani sns present above and e suppor 05| ni ng
al i gni ng avdfevadiagkapenwaf ers do not allow an operator to V|em1the

bondi ng wave. Thgﬁev@rboaﬂaagméewstHascgrafaéavaﬁaégeben§ée9 aﬁﬁgeerlzed
in a manual manner using a dedi cated devi ce. Nat uraIIy

substant.a}Fylﬁlﬁ?%gl%ﬁeovatﬁénvﬁ%%Yc%ﬁ P %%%%?ﬁ%ﬁ WbﬂelﬁP%ﬁﬁ?nFﬁe
i nvention tBet@lﬁﬂ@féﬂﬂﬁst@pé kbDa ¢ &hd Othe SwdPetBi Snetle hmBasutingt aspect

t he | entlon rovides. a,device for ins the surface quality of a
wat or Lhmpl 5T HEE hebttr Hhh CHESERRALAY: SERbl 8ra 0h GEFErETad BBond! ng
interface defdied bavtereninhegtwo defersinehahachendzed speefiat the device
conpri ses gyéopatl Cc
Further, that prior art necessitates carrying out
measurements of the bonding speed on a dedicated manual

20 device: thus, wafer bonding cannot be carried out
automatically.

Devices exist which allow automatic bonding of
wafers to be carried out with the aim of operational
bonding rather than characterizing the surface quality.

25 Clearly, an operator could employ such automatic
bonding devices to carry out a measurement of the bonding
speed in conjunction with bonding, thus producing
information regarding the surface quality of the wafer.

However, currently, it is not possible to envisage

30 such a use of automatic bonding devices by an operator.

The micro-mechanisms present above and below the
support for positioning, aligning and bonding the wafers
do not allow an operator to view the bonding wave.

Thus, a bonding wave can currently only be

35 characterized in a manual manner using a dedicated

device.



10 means for detecting bonding initiation and automatic neans for detecting
t he passage of a bonding wave. The followi ng are preferred but non limting
features of such a device: the automatic nmeans for detecting the passage
15 of a bondi ng wave conprise a source of el ectromagnetic radiation and a
sensor that can detect at | east a portion of the spectrum of
electronagnetic di a . tted t he the ensor _hej di sposed
in a manner 20 V' Prﬁ% Yec ?hﬁu?ﬁ%?ﬁgf%if gh?é Eggtﬁ?ﬁ?ﬁegﬂggasuring
site of theahohdlugtamnedface, t he device conprlses a processing unit to
whi ch the automgflc, gEaB§ 5318 Qﬁ%SEEEBH bgn 6”8%§§c5ﬂéttﬁ£t°” and the
automati c nmeans for detecting the passage o ondi hg wave axe connected;

t he proceséﬂﬁgtahFPnean cal cul ate the instantaneous bondi ng speeds for each

measurgng 30 sitg ehithenlondhng Ent-etfaggectt BReSEASOALE8A detect a change
in a characterlétlc of the electrona netic gﬁve it _receives.fromthe source

via at | eaBFO¥heeRedsdfVhgesfPE; 138P ?Eén%h SHREERE FHaFAEYePFsfic of
t he el ect roaBagpeemplvmpyrgi seasaohangetha bondiast speed ofhEWGUWGﬁHtBC nmeans

for detectlgg tgg Bassagegf gabongeggnmgvgegwréheEhco §§%ﬁ|naSSOC|at|on
with at |edst one neasurin , an~ Openi ng passi ngt oug e’ support

and5al|omnqgaradtarngﬂdfnonthhe sbardeVLgepesmphls@ghasbomhau0|t t hen
passes gt hr HQHstE8¥ﬁ&§£écé£ 5h oHﬁ?ﬁgriH9t§éE§onSQn&héﬁt&ﬂQQQEt'On of the

radlatlon ronlt e source WhPchis transm tted hrough the wafers reaches
t helOsensoeapfefast defpehinBahBecoRprrde af RchIPIER8dERERti on assenbly

const|tuted by anel est1eweggehi-6 Qéféﬁreénbﬁﬂeﬂbﬁgl@mﬂt@ﬁﬁ|eCtronagnetIC
sensor, greln t he ﬁgg&gg an%lSt e sensor are aligned eit si de of

theopenlng,e?ﬁﬁrﬁﬁt8 nBafiSV+oF ‘det ecti ng t he passageof a bondi ng wave
al so conprises, i masshei atitonawithmatnkefist daeeaeasnyrithg pakeaga20source

of eI Etronagnetlc rgglgtbggdghée%gggt§§@%ﬁ§sé2 gg§§?%2 gOS|te and

refl eCledt owards an assocra ensor Dy ers urce is a |lanp;
the sensor is optoel etecbnpovagsethe vhdtatbpagaeti @ spreprulheni eaed by

t hesour ce enCO”passeéeEQ@t'HErﬁéﬁgtshtﬁorﬁbéndéf'EﬁeCQﬁPEt§ﬁ§ aeplurality
of assenbliesfor detecting the passage of bond |ng wavebet ween the two
£

waf ers, respectlveIyeé§§BEP§P€H§§%FtﬁaﬁlﬁFh?ﬁl?W?t dnedstiffng sites on
thewafers to be inspgetede, sehthatneaghpeingaidasseatl igsaahhaner! ocal

deterpgination of thejnstant bondi n he associ at edneasuri ng
site;gé t he autonatitgﬁ}éaﬁglg‘BFL E%Etfﬁ éopngfgﬂtaf bondi ng conprise a
plurality of openi ngeredpeetrmyeésg meseutangdsmtehofhEhﬁehendnng 6 sites,
each opening al | owi ng, £8§§gcgetect|on of the instant of |ocal bonding at

the associated neasuring site. In a second aspect, the invention also
provides a 5 nethdd Fbe fR¥BEEt FAGPT hees uR f RERCHBALNEYUBE t atAaMBE CBnpl oyi ng

nmeasuring the bondi nghspegdomhttwon¥aher soat gatbepdhggpbniiengace,
charagperized in that he MBLNO0 GOMRL' $88haE1EOhe L Ng gPerati ons:
detecting the passage of a bonding wave are
connected;
e the processing unit can calculate the
instantaneous bonding speeds for each measuring
30 site of the bonding interface;
¢ the sensgsor can detect a change in a
characteristic of the electromagnetic wave it
receives from the source via at least one
measuring gite;
35 e the change in the characteristic of the

electromagnetic wave is a change in contrast;



automatic acquisition of the instant of bonding 10 initiation, automatic
acquisition of the instant for passage of a bonding wave; automatic

determ nation of a bonding speed fromsaid two data acquisitions. 15 The
following are preferred but non-linmtifAg features of the method of the
invention: the instants for passage of a bonding wave are acquired at a
waf er nmeasuring site froma change in a characteristic of an 20

el ectromagneti ¢ wlvetB@eraviagatienneaes nfas iekRCEiRe; the R ePa¥e in the
characteristic of thgrehesbh@iBgNRhE PaVENES SomPBNges] Nigontrast; the

el ectromagneti c wave_spectrum enconpasses 25 the infrared site; a
plurality of instant@SEBFI?Bbap %éggaﬁg i?a £ b RGP Ak Ar 21 F8spect i vel v
detected at a pl ural ahyopénvagepagedsyr thgosgh eshe Fsuapdyt amda third
aspect . the invention,also 30_pro h i i vi ce or
nethodsaccording to %%gogfn hEQ% %?gﬁén%fg%ggggs%gé%gg ?%rs?%gpecting t he
surface quality of athafeghweohthabean théekpesses nthheugangeefroma few
mcrometers to a few,grbikRL ef fe J@gs&fﬁ Vg ige 21 & PERE T ERd but
non-limting 35 features of such an application: the structure of the

i nspect ed waf er conpPPEkscBj Pfchile radiahiort fyed e oFOrResi Wapelt ed waf er
conprises an SO typesstruabuiete@ bRFcBSREERS, waf&Bs Bédchdyarhages of the
invenabon become apparent fromthe follow ng detailed description. 5 The

i nventfon will also BE"B8f{er understood by referring to the acconpanying
drawi ng i n which: e Ftharéeflecsiandnagnancofpaisevatceleastaconedance with the
i nvention;

detection assembly constituted by an
electromagnetic source, an opening and an
electromagnetic sensor, wherein the source and
15 the sensor are aligned either side of the
opening;
¢ the automatic means for detecting the passage
of a bonding wave also comprises, in
association with at least one measuring site, a
20 source of electromagnetic radiation directed
towards the measuring site and reflected
towards an associated sensor by the wafers;
¢ the source is a lamp;
¢ the sensor is optoelectronic;
25 ¢ the electromagnetic spectrum emitted by the
source encompasses the infrared site;
¢ the device comprises a plurality of assemblies
for detecting the passage of a bonding wave
between the two wafers, respectively associated
30 with a plurality of measuring sites on the
wafers to be inspected, so that each of said
assemblies allows local determination of the
instant of local bonding at the associated
measuring site;
35 ¢ the automatic means for detecting the instant
of bonding comprise a plurality of openings

regspectively associated with the measuring



Figure 2 shows an exanple of the progress of a 10 bondi ng wave between two
stacks pl aced side by side and that between them define a bonding interface
.with no defects; Figure 3 shows an exanple of the progress of a bonding
wave between two stacks placed side by 95 side and that between them define
a bonding interface with a defect. Referring firstly to Figure 1, a stack
10 is constituted by two wafers 11 and 12 _placed side_by side to define a
bondi ng i nterface 13 SiéReefdPemPerdret adloWiddbd ofide FSt66E iCRalt he term
"placed side by sidethas iusgdnitn dfhe oeags endiext aits tdiestiskelcifatem the term
"bonded": two wafers that are "placed side by side" are sinply disposed in
a manner such that tAS*Hd"35 S Scontact with each other with no bond

exi sting betweerlrn lae ssafosrds ;aspeatait], e tihwo i'hhendedh wiber pravedest egral with
each otdher i kond I I n S i$SLi ng between

t he waf%r sfme?&%e stasiéj(ksjp%ﬁtﬁ)sﬁ%gﬁggeg%g\f%%%b ?ﬁt?/g%gp)gr t%)éf%trl

Advant ageo§SI} ovdaiad Megasays np téed bendiage Speed i wee e nsasitc aand

aci di ¢ di pHARAiMRNLIrRed RROVhalrd Rdalzd0 16l eantt ke Eheddevice in
Figure 1 is shown in a hlghly 35 di agrammati ¢ manner: said device can
actual |y a9 HASFIERS 1F9 PHEN BT A e sns nentioned in the 8
introduction to the presekitispeciquicdttion eaneekniing thmewd fa o nioc

bondi 9 devi ces. The i n&enti.on can be inplenmented by adapting such a known
aut omatl ¢ bondi ng devitde 1% 8 t he purposes of sinplification, such

m cronechani sns (whi cluteamathe dicsposed iabowd amd/ omstemeatfiort he waf ers) are

not shown in the fi gtﬁra]%}iag‘gh%fs%pggkaizg%% .20 receiving the stack 10

nmust be particularly"f . In particu it wafers 11 and 12 10 of large
surface area and ot HitKFeds detEer@igeddrroria & SRnGiscomPeade HBeimg

st udi ed. said two data acquisitions.
15 The following are preferred but non-limiting
features of the method of the invention:
e the instants for passage of a bonding wave are
acquired at a wafer measuring site from a
change in a characteristic of an
20 electromagnetic wave deriving from the
measuring site;
e the change in the characteristic of the
electromagnetic wave is a change in contrast;
¢ the electromagnetic wave spectrum encompasses
25 the infrared site;
¢ a plurality of instants for local passage of a
bonding wave are respectively detected at a
plurality of wafer measuring sites;
Finally, in a third aspect, the invention also
30 proposes the application of a device or method according
to one of the aforementioned aspects, for inspecting the
surface quality of a wafer with a mean thickness in the
range from a few micrometers to a few millimeters.
The following are preferred but non-limiting
35 features of such an application:
e the structure of the inspected wafer comprises

silicon;



Poor flatness of the support 20 can cause distortions in the wafer 12

conpared with the wafer 11, and can thus disturb the stack 10 at the

. bonding 15 interface 13. A source 30 of_ el ectromagnetic radiation and a

sensor 40 that can detect at |east a pd@tion of the spectrum of said

el ectromagnetic radiation emtted by the source 30 constitute, along with

an opening 21 in the 20 support 20, _an assenbly 5Q for detecting the

passage of the frdnt B¢ ﬁthﬁHPﬁﬁ RétheRhH?E?gBﬁ fY3HTY heCEBtit €8°30 i s

directed towards theafepoor t¢Pet Beougbukbe opening 21. Said radiation is

i ntercepted by ES stack 1? when 25 th§ Ig%teE LS infpﬁggtign HQ'EHG

devi ce. The proé Fre8BFtRe mal'érials & ngPl?g??na t stadk™1b%4nd of

t he radi at benofieoappheesbufrem30har Eodébwihgddsbaihatl descghpficant portion

of said ra?hétHHOeHggéﬁswEEﬁoaﬂg tBe E&@EéraﬂﬂdéPQEaﬁﬁ'EYPQEEéPPiBQat has
g 0 en

passed through the stack reaches the sensor 40. wo silicon wafers
are used, E6rtBRapprerPprAYiBEedTAYdNdt iBnvBABRAaN infrared sensor can be

used. It is not ohligagark hokst Beqehgremt 6£0h HBEiceassenbbyr&inte be
al igned as shown in FLgBre 1 gthe 35 source 30 and the sensor 40 are

aligned either side BFCfh&ERGpeRVAGE22™ n this figure). 9 It is possible
to provide refl ectd ngigureopsshetvaeen thempbdar o€ 8he phegppeni af 21 and t he

sensor, ,40. In that c the mrLr t h Laki rgmyt.hg source
30: ?8mards t he ope%ﬁﬁglég,wgygdgégg%?ﬁg€Y%esgg§g%?§%?gﬁéaggﬁé ?Ke axi s of
sai d opening; then fpbdet Bedsthek bhRrcwagh twhewvhdehéneadi hohdhngasses on its

way to the sensor 40,,{hes ggrggthsngrgggéégg¥ a white lanp. The em ssion
fromthe source 30 preferably 10 enconpasses the infrared wavel ength

spectrum The sendor FAgurs pr ehergbfy 812BBLBePEcERrBnpPECgTress of a

bonding wave between two stacks placed side by

15 side and that between them define a bonding

interface with a defect.

Referring firstly to Figure 1, a stack 10 is
constituted by two wafers 11 and 12 placed side by side
to define a bonding interface 13 between them.

20 It should be understood that the term “placed side
by side” as used in the present text is distinct from the
term “bonded”:

e two wafers that are “placed side by side” are
gimply disposed in a manner such that they are

25 in contact with each other with no bond

existing between the wafers;

e while two “bonded” wafers are integral with
each other, with bonds (for example hydrogen
type bonds) existing between the wafers.

30 The stack 10 is placed on a bonding support 20.

Advantageously, said wafers 11 and 12 have been
immergsed in basic and acidic dips as mentioned above, in
order to clean them.

The device in Figure 1 is shown in a highly

35 diagrammatic manner: said device can actually also

include all of the micro-mechanisms mentioned in the



apparatus. The opening 21 forned in the support 20 acts as an

el ectromagneti ¢ wi ndow and thus all ows el ectromagnetic 15 radiation emtted
by the source 30 to pass through the sypport 20 and to be detected by the
sensor 40. The opening 21 passes through the support 20 at a site X of said
support which faces the stack |0 when the stack is positioned on the

devi ce. 20, The opening 21 nust be sufficientl]y wide to avoid disturbing the
el ect 1 omagherT SNVREET o t LeSl BRTRR" SRR CL: HP T B0 T Ty LA g

di st ur bandesowanutfonatekanpbredibe dewvidess antial | oss of signal by
reflection fro e; t p l,ase . 1 he rce 30. The
di st ur bances c%ﬁ%’;l lsrfcl)‘a%gt%é?f?%%f#%nﬂﬁaé]ld%g?gg%go%t%%aré%fﬁ[‘?hseéﬁv%s. The
openi ng 21kpewe alsondel cupendirmtdsviegrow to escape any equi prent
surroundi ng therypfens spesbdds &0 Shdher pad O | Cowed ari dandi ng devi ce.
Further, the fact thaE a, small dianeter opening 21 is,used allows the
quantity JFCFRRREFTHNYRHAR t FRP SRRIr LESROS T ra e’ 3 dsPEHe? 'sénsor 40 and
i nt er cept ethdywstack) 1rdé onde soshicety tié Sfadweed educes the possibility 35
of | ocal heati of the \Aﬁafersfconséétutin trrl1e srtﬁack. Thel(yvi dtt%of t he
opening 21 is typT cAYECLY THET et of CET T el i 11T net2rs. 10 15Tt is al so
possi bl e tloe prawt deubaplyrlat y of ppeniogkasi df eafeos operamy 22 provi ded
at vafjous.si p i i ys. faci r erm ned
porti %?1 ofofhfe%?%giﬂl]’ga\é/\%e%ét%ea(@?a(gist%}gfﬁ%%\%i J?? o%%. r%%llptﬁfgé case, the
radi ati on feBrniPeCRDRER BOIRANSHEd5ed hr ough each opening (by using

sEi t abl eksepar ﬁpcj,@g mlﬁ@%é Qgﬁiﬂgenglﬁﬁﬁjﬁe ,2§%§ﬂpaéa@%]é er passi nﬁ t hr ough
t he stac t the correspondin ite via the openjng,. the each the sensor
40° (agar 1 DYt HORt ThOhEE CREE B oA S T Lo ST o) 1t 1S
al so possidh@ ¢an prlove déi st spectfie Csisari ck0 aand/ tdte Semsding N associ ati on
wth fgch Pg@g}ﬁg?éo%bw'th sone of the openings) to recreate assenblies

y

simlar to asse “for each (or sone) opening(s). 15 The device of the
i nvention functh otsunse {30 | ohselecthorhgrepictordbrthgs amd aw wafers 11

and 12 1 nto. 600t ags @lad heal Nierdacead 3 Dy exerddingian dhitial pressure 100

at a predetermned site X1 on the surface of the stack 10, which pressure
is sufficiBRCEOUT P i 23 & 2 PP mERRE ke d et 1ol switered aitdhiston is
control | edshyr@d 1 Osésnmust i OfcSL1dYg tier e e rebePIREESBI NG tie t which is
conne (§ed to thet p%@ton and \Ar,{}ltiéfh %130 es Cihte i nstant, at_which bogdi ng was

i nitialed SEPAL ah0 al FeriaTT VRl i 10 5% Lo possiDl BF FAEFET et ant  of
bondi ng i nihe afromt tof ke etédimy neaslvdy a bonding initiation detector

associ at ed mjtrhé&%%i&éﬁ(¥kom the source 30 is directed towards the
sensor 40 through the opening 21.
Said radiation is intercepted by the stack 10 when
25 the latter is in position on the device. The properties
of the materials constituting the stack 10 and of the
radiation from the source 30 are selected so that a
significant portion of said radiation pasgses through the
stack and that this portion that has passed through the
30 stack reaches the sensor 40.
When two silicon wafers are used, for example,
infrared radiation and an infrared sensor can be used.
It is not obligatory for the elements of the
assembly 50 to be aligned as shown in Figure 1 (the
35 source 30 and the sensor 40 are aligned either side of
the opening 21 in this figure).



This automatic bonding initiation detector can be a piezo-electric
transducer, for exanple. 30 In all cases, bonding initiation is
cautomatically triggered following an initial instruction and the associ ated
instant of bonding initiation is stored. The initial instruction can be
provi ded by an operator or by an automatic device that is regulated by 35
ti me sequences governed by a clock. 11 The source 30 is activated so

that it constantFyl8nPPESiadfatPoRrayidet 68t tfroti® ThereFacReI¥CEDdwar ds
the sensorty@ asspetasted whéhopbeisgULLeandBofitk Ngeiben PO Opagat egavver the

whol e of the 5 surface of the fe at_the interface 13 as a bondin

propagatioﬁaﬁEVegéﬁole%gﬁstﬁ%ﬁﬁgnéﬁﬁgrﬁé%%téﬁﬁ fﬁ%ﬂhggetﬁ%ug??e§g&"gon t he

stack, i.e., in opentaogads the spasing4dl debecdsracthomgehén t he

el ectrgnagnetic signgg?ggtggﬁegygﬁ r£§ﬁjgﬂgs;gfsggigeoﬁgnigéough t he stack
ich i

10, conpared with a reference sign t was receiving through the
same stack before * héhpasEnge bhetfeagbnehrguakveniqhi shenhhrdeatioRhe

el ectromagnetic signghsk¥pi 63l Lysdeaives thensanseptigal characteristic of
t he source 15 ragiatlon and can %n ggiticular coirespond to a change in
contrast, reveallRgSPHECEppEaPRRERTBPL¥oRdVAYEF of RBR: bet ween the two waf ers
11 and 12 fol | omhagembeséshabroshorat sotirby ds 0gene benaislpet ween the two

waf er In_the case of chapge_in contrast,.. t spectrum of 20 the optica
haves 8ni  PRACBEERRES b lr LR aoer el Far sl ABPTR SRaTEaIMn The i nfrared. s
soon as the sentbe 4éndereé¢fsithprpéssageyosnt bptbehdchgomave at site X on
t he mafersaéggggthé.located in the opening 21, it transmts a signal,

i ndi cating detection of the passage of the bonding front, to the
processi ng uni tTE® GRPEANPt 21 sfarsedcénnele eduPSart %@o@@%%iﬁ@ BRit then

cal cul at esel Bet bendyngt L ENMRihabwesndt brust 81 8ws Nst avt r&ha§nadi 89
initigtion agd the tLN® ALa"fl clLlng 00001 09 [LODL RASSES: ML K0
support 20 and to be detected by the sensor 40.

The opening 21 passes through the support 20 at a
site X of said support which faces the stack 10 when the
stack is positioned on the device.

20 The opening 21 must be sufficiently wide to avoid
disturbing the electromagnetic waves emitted by the
source 30 too greatly.

Said disturbances can, for example, be a substantial
loss of signal by reflection from the face of the support

25 20 closest to the source 30.

The disturbances can also be diffraction and/or
absorption of the waves.

The opening 21 must also be sufficiently narrow to
egscape any equipment surrounding the wafers specific to

30 the automatic wafer bonding device.

Further, the fact that a small diameter opening 21
is used allows the quantity of radiation from the source
30 directed towards the sensor 40 and intercepted by
stack 10 to be reduced: this also reduces the possibility

35 of local heating of the wafers constituting the stack.

The width of the opening 21 is typically of the

order of a few millimeters.



30 physically corresponds to establishing bonding between the wafers. To
calculate this bonding tinme between the two points of the stack (bonding
~initiation point X1 and bonding front gassage detection point X), the
processing 35 unit is also connected t Oa clock. Since the distance between

the points X1 and X is known and stored in the processing unit, said unit
12 autonaticall¥ deduces a bonding speed which is characterlstlc of the
surface qualitylbflfafefS PPSEAR1E2tBePRREAdENE REHEALERY SFtes X1 and X

In a variabpeﬂ;ngspbmmaua&ytefopbﬁmnghzmppmbngaealaﬁ aaeldusteububed over

t he support Zg so _t hat a agg of _the ondlng wayve getecte at

b : 3

different St eoFuPﬁgr 1%15ﬁ8 2V Re SyngnabP ng* ﬁgmﬁchessing
unit to caboukabe afbohdlﬁgasbeéd vbeneabk efashi dssineposlhitishoul d be

pointed out in thisg Qﬁggéggeth@hﬁ %aalégléﬁn§9 m49h%658?¥8§ §b9pals

correspondi ng to radiation whic assed throu erent openi ngs of
t he supporpaéﬁdtbrpﬂgheﬁﬁcblP§§néﬂ9th YsHaéRrg ﬁHétQEhgoﬁepﬁéﬁﬁéég means for

dlstlnQUIsahagrEQ&we%@nghﬁlékakgsenBOStaaelafeéalgagbgﬂglﬁhgaﬂghfor exanpl e
have specifjic 15 m%velen ths as actlon of th ssion,source, or nore

general |y 6/t RE26pefinf 6a§§§aeFHP8 ghy. Sthes &ﬁ EH%aPPEPFBE they
processi ngreach che sahevlrate deafheneby Usthapastaneblie” sepadangonpeeds for

t he thferggg ?BST @g§PP2%%E%ﬁ§g2uld be pointed out that the processing
2

unit s connécte énsors 40'and t hat it receives all of the
bondi ng wave pastage silgrabsstoblehsodpbtbuidat asppesifissospured with a

support opeRiar2denlBe PROGESSLAGLYBL! ueen LhER GBLAULS! tokhe bandi ng 25

speeds between any t sal roceSS|gg ime_difference
bet ween théoﬁﬁs§§géhéf09ﬁélﬁaﬁﬂlﬁ@ ﬁaqéeaﬁeeaéﬁe liRE EWBLAFeEO(the

di stances hgturBnyt be eb&f@é@nt(§ktg§ma$sa§ea&ﬁg whth an opening in the
suppog% bei ng k Emn and stored. in,the ggoce§5|n i S possible

to provide the 6pEnfFRysCht CdeSPPedR¥FPEL Bt Pﬁggéaﬁﬁo%? 28}h8gﬁond|ng to
sites of the stackoatingi plischar betiegszaheonwof wafiersndtaahdn@@us bondi ng

are 35 regarie SoRFaYsRE: EH. 4R EErBRRD TP EARE PP AP IR IR LAET v
so that anprergrge iLAOt A BonderAgtspadtcdanibe Kﬂa@ReﬁhéuﬁPﬁ§a9¢09§gatlon

of the wavehe stack 10, which pressure is sufficient to initiate

20 bonding between the two wafers.

Said piston is controlled by an instruction sent by
the central procesgsing unit which is connected to the
piston and which stores the instant at which bonding was
initiated.

25 As an alternative, it is also possible for the
instant of bonding initiation to be determined by a
bonding initiation detector associated with the piston.

This automatic bonding initiation detector can be a
piezo-electric transducer, for example.

30 In all cases, bonding initiation is automatically
triggered following an initial instruction and the
agssociated instant of bonding initiation is stored.

The initial instruction can be provided by an
operator or by an automatic device that is regulated by

35 time sequences governed by a clock.



13,0ptionally, in this variation, there are a plurality of sensors 40
and/or a plurality of sources 30. In particular, a sensor 40 can be

. associated with each source 30, aligned_with the source and the opening, 5
t he sensor and the source being on oppB%ite sides of the opening 21. In
this case, a plurality of automatic detection assenblies 50 are obtained,
each resenbling _the assenbly 50 shown in Figure 1, said detection
assenbl i es beind fOSBP§6853§ £§ ACdNREEes 8Pefit@borbi AGRSHEBALYI n different
sites of tkaiskackdi@tionbdideceed radouddpend sgaek tbetpwagdesshef the
bondi ng vaye 209 %§ersgh%.5nt%rfa%% é%% T%% invention is not limted to the
det ection means shows ﬁl&&rewf. 1 h&°MAventi on can enpl oy any

automati c nmeansBbodidgt ébehngrbpadiatgsi piveirathenwandeany &bkeonatic means
for detectigng e b@SEﬁ@twa%e9%$%%gﬁh%fﬁh@%r?gggl@9 B%OthohBihg's respect,

rat her than detecting a chan%e in signal transmtted through t wafers, it
i s possi bl TO®agetdere¥ave éf&nge in signal reflected by the stack 10. It

is possible to phedugaedebeadtingn wassenbbi esactuisvahentite agseshl y 50, with
a radiation,source.directed . onto a gre?getg m ned sit he stack, said
e

. of
site refl e¢tn§ RS ati-&n /f FEMOPREISEY eaﬁe?§°§é§8095%§&t§eﬁsor. I'n
thi s case, cthaggesin nheheleetlrecheghetddi atignalodtazecredeby fpassape of the

bondi ng, waye, a.g Q%tg%%%ﬁ andpused Lo %%'Cgb%bg the hepdin e%%%%g%e The
aut omat’i ¢ neans for de ecglng the instant for ~30 passSage of Thé bondi ng
front can sligoadompuiiche ignwasr newed vingotkriotdtetbet isemeassenh! i es such

that each i3 raiet ahlebaL det 8¢t ikhg Lhadginst aal,e0f bonding at a local site
of interface 13. Referring™now to Figure 2, the action of a | ocal 35

initial conpressPéf £HOPEE XD GRSt RdOR&FEFSIPEtafd signph Egmriged lYinitia
conpr essi odepH@ducEttohy aa pipttien) kchhtbatesiathendifngheageuwiech produces a
front.1 00a d14 gFiQUég 2% @hich qen prpga%ate%oﬁrr%ntazo b - Fﬁgyre 2b)
and f il shE&YEAFSAT 286cf Y SPEEIEPp6ST FOTEREPPAML 8 2prEgsdfetlite 100
(Figure 2ckrontrast, revealing the appearance of bonding forces
between the two wafers 11 and 12 following the
establishment of hydrogen bonds between the two wafers.
In the case of a change in contrast, the spectrum of
20 the optical waves emitted by the source 30 is preferably
located in the infrared.
As soon as the sensor 40 detects the passage of the
bonding wave at site X on the wafers which is located in
the opening 21, it transmits a signal, indicating
25 detection of the passage of the bonding front, to the
processing unit to which it is also connected.
Said processing unit then calculates the bonding
time between the stored instant of bonding initiation and
the time at which the bonding front passes, which
30 physically corresponds to establishing bonding between
the wafers.
To calculate this bonding time between the two
points of the stack (bonding initiation point X1 and
bonding front passage detection point X), the processing
35 unit is also connected to a clock.
Since the distance between the points X1 and X is

known and stored in the processing unit, said unit



In the exanple of the device shown in Figure 1, 5 detection assenbly 50 is
then preferably placed close to the wave front 200c at X2 and the bondi ng
_speed is determ ned on the basis of the tine taken by the bondi ng wave to
cover the distance separating the si ter%1 where the initial pressure was
exerted at 100 and the site X2 10 where the point for detecting bonding

conpletion is |locate Referring now tp Figure 3, a pressure 100 simlar to
pressure 1?)‘6t?rﬂa'??‘@%fjey2§?§u%§%r?2%0% 19 eSRARD @?%%}ijlson wafers 11' and
12" that atkasaoténistoctdf wad essrfdcdSqanditdy ofi Fafere 21 &#ndphbyati on

fol | t ' {Fi . (Fi 3b) and 200c’
(Figure sayoreeslol T afy 2ar R pBLEE0 507 che 200m, 200 and 200¢ in

Figure 2. HowevEr,apyapaghidon @ sphusalibedoht toauglri gpeeings3b}. This

di sturbancg i syifdi-£LENG SFep SHETEGE GBE e5h ééo&lﬁé‘@egés Lokgpresence of
particul ate surface residues) between wafers 11' and 12', ich_did not

exi st for WR®ePIAANGNHRYD, CHR SPHI BeBRCLDR 2Fi GlfEeBRYC 191 F8%i PG bonding in

Lhe fOfnLOEh@.W@ﬂ@b#eilb@ﬁ@egm,thﬁgﬂébyw@n&%IfgﬁzTh@daﬁaéé@giﬁﬁaf bondi ng

as not been, properly carried out.in site ile t ri ncipal _wave

200c 1 eachBbt 1 TB FalPRRErS S Behat far hSed Tl ctt ford hsdahl 3L 60° by aced at

X2, i.e., at thetssheusdtiee ggointedeocasenofhts guegard woatdifletect a 30

delay; yn the, a0fiygl rg%eixhgsv@%/\%nﬁng Pgeg‘ﬂ;&li'd{%'% G@SF%QIatFi re 2, as the
y t urface fect

wave woul ave been sl owed do the s _ 01. Thus, it can be
seen how n#akeh i s aPadRE nghspeed dhhfaren epenENEs ek Hadlity of the

wafer to b@uﬁ%‘ﬂ@@n@%ﬂﬂf@ﬁ&ﬁiﬂ@iﬂ:é’s bh endagtatkonciel selleyice in
accordance, wi

h_the invenfion_conprising.a plurality of ings 21 or, in
5 or GNP a| TeaRe. Loh GLOarTaLT Dhioe RETRUPRLIR QLEbPHERe with the
i nventi on etgphaysngsai Pl sighaly odnpssenbéi@spferhaue ogpedtf et ecti on of
the i pstang, ofy bondhng, . deteetion belpo. carched. oul Logally yepotpe S
whol e*3ur f 526" of " ha® sTack 0 Water onlal ng d%/nam c2°can” be”tel @r i ned,
and bettergéeméoabiyi oh onetdresimd apasgedl thyoedht he waf er can be obt ai ned,
al ong with inforgelion fegarfipdot herpaturs-a0di Locahion-gf any surface

t
defects . 10 In this inplementation, if a sufficiently |arge punber of
| ocal i nst@tSUbItPondf Ferarke OERetRREPRVREST HeoRfibre SRePaRef®F the stack
10, a map ¢the tdef seréaeeopeaihdy. of the wafer is obtained. Such a device or

"t endbd for M £y QAP ET rEhi BRI HEMET Y VAT o Re e A SRR R e s o

di anet er w¢rmedt ek nessakl obf t hiee oselesond HDheamd crloat oi t sevee e ens of

m crons. all of the bonding wave passage signals for the different

gsites associated with a support opening 20.

The processing unit can then calculate the bonding

25 speeds between any two of said sites by processing the
time difference between the passage of the bonding wave
at each of the two sites (the distances between the
different sites associated with an opening in the support
being known and stored in the processing unit).

30 It is possible to provide the openings at desired
sites of the support corresponding to sites of the stack
at which characterization of the instantaneous bonding
speed is particularly desired.

The openings can be disposed so that they are

35 regularly distributed across the expected path of the

bonding wave so that any change in the bonding speed can

be tracked during propagation of the wave.



This type of wafer contains at | east one 20 sem conductor material such as
silicon. In a preferred node, said wafers conprise SO (silicon on
.insulator) type structures. One of the wafers (11 or 12) may not be
intended for a micro-electronics applitation and can act as a 25
particularly flat reference wafer, for exanple. Finally, it should be noted
t hat the nmeasurenents nade by the device of the invention (instant of
bondi ng i niti at PBRIcpasdgeidf thOAIVAGIAAYENat LREFReRERL 2nBAYERALAEY S t €5,
etc...) casrreaBbBrst @avedninothe BOuprOEe§SbRgsbittedl 90g With the

par anet ers deduged thgreféon1(bonding S Seds etc...% . _Thi.s nggns that the
bondi ng speeds aRdPfh&r&PorE’ t RieSGHE th of 2PhBEVAPEPS1BFEdutatcan be

i nspect ed. ekthi soakse poOssabligned whtb thsesbornakendsehef opheisgered data

35 a wh : t .St h he. o 16
CLAIiBgl. %#gesgggofogn?ﬁg%éc%%ﬁ%bgh%gghgggée8gég%?g§ %%Bégmgﬁggﬁgnploying
measuri ng eRenpbaEdehg speed of two wafers ( 11, 12 ) at a bonding interface

( 13 ) def finednStRekwegBet hg pMarURE ey SorcharaphelbzadekpeiBat the device
conpri ses autonaﬁtc nmeans for_ détecting bonding jnitiatjon andmgitonatlc
means for BEEEEPLMESt RE BASsafbaored  bBAERngeRAVRI 128 ShepaggfMBeYaccor di ng
to the presedshgwal ahnrighaeact eshzaddetetbabnt hesambldieki petiagns f or

det [ h bgndi pr i (30
cl cot Mg PBoradr gt FoRCHnd AL BoRED DPHG) "PnaPeEdn dB: Gif taFeheast a
portion of sibethefspbet suarkf 1€l eot bendghetmineddi dependenpt badtbg t he

30 4 ' ' d_i : lects th
source (30p,oLhes3eBFOLLE Bénggﬁggwgbépgagi?gafgiﬂgpmggg& ghecoblects the

radi ation a_ predeterm nec asurin oondi ng i nterface.
20 3. A device aBgoiavaptient he ppecédmhgedl BPnfhenhdehecEiPRe®eRrASt hat t he
devi ce conprb®fsSia PLgaessing unit to which the automatic neans for
detecting bonding initiation and the_autonmatic neans 25 for getecting t he

passagé of a boﬁgFnbnMEVEISPeCEBnﬁ@EFBH.aﬁY AUHRVAELECalEBPEi A§¥t o the
precedi ng dkaeotinbabantiengzedithathah thé pnpcessomgtiuni heeaas 86rcal cul ate

the instantapeaus,BOPALNYnSPERESECHa885 e "BRSHAL MRkl 8O bAE  PONdi ng

interface.
In this respect, rather than detecting a change in

signal transmitted through the wafers, it is possible to
20 detect a change in signal reflected by the stack 10.

It is possible to produce detection assemblies
equivalent to assembly 50, with a radiation source
directed onto a pre-determined site of the stack, said
site reflecting radiation from the source to an

25 associated sensor.

In this case, changes in the reflected radiation
occasioned by passage of the bonding wave are detected
and used to calculate the bonding speeds.

The automatic means for detecting the instant for

30 passage of the bonding front can also comprise one or
more automatic detection assemblies such that each is
suitable for detecting the instant of bonding at a local
site of interface 13.

Referring now to Figure 2, the action of a local

35 initial compression 100 at X1 on two wafers 11 and 12 in
contact (initial compression produced by a piston)

initiates a bonding wave which produces a front 200a



5. A device according to one of the three preceding clains, characterized
in that the sensor (40) can 35 detect a change in a characteristic of the
_electronmagnetic wave which it receives %ron1the source (30) via at |east
one neasuring site. 17 6. A device at ording to the preceding claim
characterized in that the change in the characteristic of the
electronagqetlc wave is ange in contra vice,according to

.0, A
any one of FH@UFFV@abr@Eé&gnégepapﬁﬁpagﬁﬁﬁﬁcﬁ%FPEEdzpﬁgtﬁa 1BHEaut omat i ¢
means for db}eahdnginhehpasgdgenof 2a0bpnding wave bppbberel@heonprises, in

associatio %h atreg%gkgongtgegaurggggrgﬁfgﬁzn openi ng passi ng through

t he suppor he radi afi ‘source to pass through so
that it then paégeshehﬁﬁaqplehefwaherdeaucehéhﬁwasmniﬁgggrﬁel,so t hat the

portiog 0fdé§eEE§ohan§EhB@yf%@”&EhEhéﬁubEEf@@thylﬁleéBSEnb%@dtbhfough
the wafers reaches the sensor. 8. A device according to the preceding

claim chaFEétEﬁV?eﬁrPﬁttHQPCtﬁé gét 8edi b ﬁenﬁaﬁélﬁanﬁPP§§ 36 at |east one
detection gssemhliye56h e€BBSbhkibedrbyhantemhect aRBRIBOt LBeSBBREENG30), an

21 t 30
ana the SoRSBF (R0JoRPE. AMRgnedtertReroantRs Pt FECopaTng |("BET ~ 25 8. A
devi ce accbhdi ngitoadnpreneuct whe sgeehedr eteddngavtatime, schear d@terized in

that 4he ayhore! feans.l of daLechingy' BeiRsasags Al a;Banding wave al so

conprises, 1n association 63ast one neasuring site, a source of
eIectronagh@@ﬁéeﬁadlatlon directed towards the nmeasuring site and refl ected

towards an assogé@beglﬁgnﬁew bY FB%uE@fgrSa B2edBurd 46vi 6emagaerdbng to
any one of the preceding c aracterlzgd in that the source (30) is a

| anp. 1BPEESS%F8e%PeelﬁcgéﬂHFﬁgzt6Saﬁ§eﬁﬁ§ oftt hBepPalEdrAgScKai s,
char act eri zadwhbBetball 1t hangengor th40) ars epihmothectpoBhe. wafers 11

15 and 12 in Figure 2.

Propagation follows several steps 200a’ (Figure 3a),
200b’ (Figure 3b) and 200c’ (Figure 3c) respectively
corresponding to steps 200a, 200b and 200c¢ in Figure 2.

However, propagation is disturbed at 201 (Figure

20 3b). This disturbance is indicative of a surface defect
(roughness and/or presence of particulate surface
regidues) between wafers 11’ and 12’, which did not exist
for wafers 11 and 12, visible at 203 (Figure 3c)
following bonding in the form of a “bubble” between the

25 two wafers, indicating that bonding has not been properly
carried out in site 203 while the principal wave 200c’
reaches the periphery of the wafer.

A detection assembly 50 placed at X2, i.e., at the
game gite as in the case of Figure 2, would detect a

30 delay in the arrival of the wave compared with the case
of Figure 2, as the wave would have been slowed down by
the surface defect 201.

Thus, it can be seen how measuring a bonding speed
can allow the surface quality of the wafer to be deduced

35 automatically.

In a variation of a device in accordance with the

invention comprising a plurality of openings 21 or, in a



12. A device according to any one of the preceding clains, characterized in
that the el ectromagnetic spectrumemtted by the source (30) conprises the
infrared site . 10 13. A device accordigg to any one of the el even
precedi ng clains, characterized in that“the device conprises a plurality of
assenblies (50) for detecting the passage of a bondi ng wave between the 15
two wafers, respectively assocgiated wi,th plurality of neasuring sites on

t he wafersmPBeb@ePﬁ§BécFéﬂe'séntﬁaVa€a6518F e4i & 98¥&RBIiLBs al l ows | ocal
det er m nat heaogtiahBe wishaBheofinkeaslohosfipngyahgt epasgatiayedtneasuring

site. 20 14. vice_accor ta t.h ecedi | ai,m.in ination with
claim?7 oragﬁgpgﬁéescﬁgFagP PP%&&C ge%ﬁgglPﬁeoggFgﬁaﬁng gnggfor detecting
the instanboofiibgndirgecorpni beiagpkaratirtlyocot éopeniliayso2Br( 2hp _
respec 'Vebxo§é59§k§hég 8kt9h€E§?HEkngos'hsgereﬁsﬁd9ﬁgnagﬂa&%éé ghhomﬂng

| ocal etection o e Instant o | ocal socl at e neasuri ng
site. 30 1Be Aeherménces PRIpBELERY SRECTTALASD gbathey Ssrtacear er

enpl oyi ng a&utyngftBaebwa@b@gcaaeaé ebthwaewafl ansnglyith2) at a bonding
interface characteriz hat the nmet rlse t he foll ow ng

oper at i ons: ggerEFBHaFFEaagdﬂﬂsF%Foﬁaﬁprﬁhéna SPSHF Sl 8 n8f'Mg initiation;

19 aut omesuefacquidsifeces.of the instant for passage of a bondi ng wave;

autonahlc deterghnakéggé%%%%ngggkggnspaad f ng§%%gnkwgegggggapquisitions.

5 16 net hod acco récedi n cla m ~characterirz in that the
i nstants formpassafelofad boatbngswafebandiaggeirredeseciedabwer( the 12)

measuring shbee! LOMACENBRIBLLN sRaERANACE & bl 670Lnt0sBBrakect T ommgnetic
wave deriving fromthe measuring site. 17. nmet hod according to the

precedi ng GR&iAfYcRar BEelrfed i Pﬁaﬁlpﬁé change in the 15 characteristic
of the el ectronmggaat kcdwayeei sramehange innaeest-iaste #8thAchet hod accordi ng

Lot Y ammeBbphlEoh 2 RECRdLaBaS 2LTR: AN RLAGLELLE Sk Lkl cLl®
micro-electronics, namely wafers several centimeters in
diameter with thicknesses of the order of one micron or
several tens of microns.

This type of wafer contains at least one

20 semiconductor material such as silicon.

In a preferred mode, said wafers comprise SOI
(silicon on insulator) type structures.

One of the wafers (11 or 12) may not be intended for
a micro-electronics application and can act as a

25 particularly flat reference wafer, for example.

Finally, it should be noted that the measurements
made by the device of the invention (instant of bonding
initiation, passage of bonding wave at different
measuring sites, etc..) can remain stored in the

30 processing unit along with the parameters deduced
therefrom (bonding speeds, etc..).

This means that the bonding speeds and therefore the
quality of the wafers produced can be inspected. It is
also posgible in this case to make use of the stored data

35 as a whole, e.g. to apply statistical methods to the

procedure.



20 wave spectrum enconpasses the infrared site. 19. A process according to
any one of the three preceding clains, characterized in that a plurality of
instants for passage of a |ocal bondinpswave are 25 respectively detected
at a plurality of wafer neasuring sites. 20. The use of a device according
to any one of clains 1 to 14 or a nmethod according to any one of clainms 15
30 to 19, ¢§£ igspecting the surface quality of a wafer wwth a nean

t hi ckness THtH range fromone mcroneter to a fewmllinmeters. 21. A use
according to the geetedi igrcinsppcBinghbhacserfaed gmathay ofheastructure of

the inspected vol el  CORPILPeAgShelElRing 2o 2BondPRb! SBLLANACERLI NG LO
the preceding claim charatterized I n t%at the structure of the Inspected
waf er conpri sesvahes®)l (1ypeldtrabtarbondpngainperfagea(hy]  defaoed A A A A

'?'A ;?-éiA%L?“béﬂhg@h fhe t#Vwafers, chTractefizif in that fhe] Ul ca] ca]
=} xsni d*Y] caU] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ga] cal] ca] ca] cal] ca] ca
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gsensor (40) that can detect at least a portion of
15 the spectrum of electromagnetic radiation emitted by
the source (30), the sensor (40) being disposed in a
manner that collects the radiation from a
predetermined measuring site (X) of the bonding
interface.
20
3. A device according to the preceding claim,
characterized in that the device comprises a
processing unit to which the automatic means for
detecting bonding initiation and the automatic means
25 for detecting the pagsage of a bonding wave are

connected.

4. A device according to the preceding claim,
characterized in that the processing unit can
30 calculate the instantaneous bonding speeds for each

measuring site of the bonding interface.

5. A device according to one of the three preceding
claims, characterized in that the sensor (40) can
35 detect a change in a characteristic of the
electromagnetic wave which it receives from the

source (30) via at least one measuring site.
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7. A device according to any one of the five preceding
claims, characterized in that the automatic means
for detecting the passage of a bonding wave further

10 comprises, in associliation with at least one
measuring site, an opening passing through the
support and allowing the radiation from the source
to pass through so that it then passes through the
wafers at the measuring site, so that the portion of

15 the radiation from the source which is transmitted

through the wafers reaches the sensor.

8. A device according to the preceding claim,
characterized in that the detection means comprise
20 at least one detection assembly (50) constituted by
an electromagnetic source (30), an opening (21) and
an electromagnetic sensor (40), wherein the source
(30) and the sengor (40) are aligned either side of

the opening (21).

25
9. A device according to any one of the seven preceding
claims, characterized in that the automatic means
for detecting the passage of a bonding wave also
compriges, in association with at least one
30 measuring site, a source of electromagnetic

radiation directed towards the measuring site and
reflected towards an associated sensor by the

wafers.

35 10. A device according to any one of the preceding
claims, characterized in that the source (30) is a

lamp.
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instant of local bonding at the associated measuring

gite.

30 15. A method of inspecting the surface gquality of a
wafer, employing measuring the bonding speed of two
wafers (11, 12) at a bonding interface (13),
characterized in that the method comprises the
following operations:
35 ¢ automatic acquisition of the instant of bonding
initiation;
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site.

17. A method according to the preceding claim,
characterized in that the change in the
15 characteristic of the electromagnetic wave is a

change in contrast.

18. A method according to any one of the two preceding
claims, characterized in that the electromagnetic

20 wave spectrum encompasses the infrared site.

19. A process according to any one of the three
preceding claims, characterized in that a plurality
of instants for passage of a local bonding wave are

25 regspectively detected at a plurality of wafer

measuring sites.

20. The use of a device according to any one of claims 1
to 14 or a method according to any one of claims 15
30 to 19, for inspecting the surface quality of a wafer
with a mean thickness in the range from one

micrometer to a few millimeters.

21. A use according to the preceding claim,
35 characterized in that the structure of the inspected

wafer comprises silicon.
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