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; CDEFe3e~~<"b6TvVWVWL 1 Device for ellipsonetric two-dinensional display
of a ' ay nethod and elli psolrretri c neasurenent nethod with
spati ﬂmmmmmmm@” 5 This invention concerns a device for ellipsonetric

t wo- di nengl.Qna I splay of a sanple, a display method and an el fipsonetric

NNAYR

measurenment nethod with spatial resolution. It is particularly well suited
to display with ellipsonetric contrast or interferential contrast. A sanple
receiving light and reflecting the sane will generally 10 nodify the

pol ari sati o : ' | bl t ] r aper t.o yisualise a
sanpl e or t@eg_ﬁgé; g@i%‘#'k’é&@%ﬁ@‘ﬁ'ﬂﬁﬁﬁ?%ﬁﬁ'ﬁg &?%_s_éﬁﬂlﬁ’séﬁé#ﬂc
paraneters desiipeshed anshellipsometricymeasurement methodwiithspatialnay, for
i nstance, refer to the book by Azza,tgsqﬂﬁlti% Bashara published in 1979.

Initially, it has been sought to process e extinction of the Fresnel
coefficient rp at the Brewster angle in order to provide an accurate

el |i psonetric meayHisaRRahticH coMerRd/ztd@ics forelfigbniitrie!tvbRARER S ohal OF
sensitive dI'SBE;"y fof very thip fil msg n tablg gil,the surface of water 20
(Brewster afgP@YmRic? @?55%?’}? 0@%@%@%,*“98 angsan SUiPSORRINE NMRASUERENAt e a
zone of ahsmmmw umubhessp@tieﬁirégélatid)nﬂ.cﬁtd@lp@ﬂiqﬂl‘aﬂyﬂwéilhrsglit@datéi d\'ﬁq_lﬁyi Wi_ti@rdﬁrh_to
nmeasure the r . orresponding to this zone. e aimwthin
t he framm?lﬁg%%ghﬁséq%%ﬁwgﬁeﬁgr 'aB?%&r%%' 25 si nul taneous processing of
t he paraneters yrAasample oceceivingnlight and peflettingofther seame|weill gawsdrathef i ned by
t heir cgprdi ven 1 S.f called ellipsonetric two-di nensional

di spl ayﬂgr hﬁ@?@ﬁ?@%@ﬁ@'&#'ﬁ@%‘?{ﬁ’g Moreover, this invention relates to
smal | sanpl es thalt isaposublenieusedthisi mppast doorishelisaire ¢ampler orto opt i cal
refl ection MaiaeriRacsald FnpRY By MERNRMG ARAIcITBERIRAEP fardMefehs cOPY

w th di ffer(?nt_l al i nterfe(/)gnt lal ¢ontrast Or fluorescen croscopy. This
type of i cieRigapted aanasalbass Yndnddses particul ar constraints inasmuch as,
on the ong hand, mhaism/iemsnepﬂay,éosfstémeel ragvﬁ?maﬁ@dk}{W%mMﬁm whi ICh
Create S ' ondi t ] significantly different from3S the usua
condi tislé(r)\s @?*ﬁfsaﬂé{qﬁ'gﬁgﬁww% measur enents wherein the i wiA~n~aoi 2
beans, il um natiindisyaithasbess soughtie psocessghbendtinciion of tfd Ertsnel beans)
are gener al p | ¢ a n the at d, where
the {11 am resoREBRL oSt the ekt ity Jfr Def ol (RDyidRreh BEbuslt

nor mal i nci elbpRamefricemagsurerent phiye parametarasy Aand Ac(glipfamstrwapel v

I 'endi ng t heg@mplitwes diéblé%/'bp%ﬁ?tﬂhﬁ'\ fifis! | notdbyPLAVthBEL(1FE8e bgsepaten the use
bstrate have heen suggested previously, but they resort

of an %tig re %l#
to the 40 | NESAWBIRIANAE MUGKCSGPRY)- * of the substrate. The substrates
suggest ed previ ouBésgides eit hiasrbeferr sougiititg limadiateoa zmneocsf-psbmpiles exhder ght  or

for a pol ar% S&ﬂglei QH&id\%\I%g. Qﬂ&QaCQI@é”é iﬁg.{tﬁffn.s rhgﬂ @ hREId M Rl ative to
t he plane (6] In |dence, I C 'S I nconpat |l e wt e use O a m Croscope.
The pri nci pparameteesse @nshA cRECRPORAING 40 this zenet he second member of the

equation (E4). E4TH® aim within the framework of this invention is to provide
25 simultaneous processing of the parameters y and A for a number of points
of a sample, each defined by their coordinates x and y. This is called

ellipsometric two-dimensional display or measurement of a sample.

Moreover, this invention relates to small samples that may be
observed, displayed or measured under an optical reflection microscope. It

30 may be conventional microscopy, microscopy with differential interferential
contrast or fluorescence microscopy.

This type of microscopic observations poses particular constraints
inasmuch as, on the one hand, the microscope lenses have a wide digital
aperture which creates observation conditions significantly different from

35 the usual conditions of the ellipsometric measurements wherein the
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where rp and rS are the conplex reflection coefficients of each '
pol ari sation on the substrate affected ich depend inplicitly on x and on
y, ~N(6,NP) being the normalised flux reflected for an angle of incidence
~) in nonpolarised light. . 20 It is obvious that conplete extinction is
only possible for Irpl =1rsl = 0~ which is an extrenely restricting
condition, since the values of both Fresnel coefficients are set. The
condition of conplete extinction) ~rp + rg~ =0, is far nore flexible since

it is solel n bRt ebat, t S jcients,
25 rP = -rsy%%m%hﬁlggﬁg‘?ghgugﬁ‘mgt ég ‘é’g'? éa§epo arulrsgdBF?gﬁt E&ﬁja\r/e a és% been
suggest ed i Ppeanabare gesgrallycemal apesture colimated dieame aad) iopsibeeetees, but

the 30 el | i paedreWh¥re ik GiAniRBLinG Bedihs aP6 TRESt bfich RIRAALGRASHMRIRTEy unt i |
now as mconpatl b% e. The @hg;ﬁé)f he 1 nvention is t?eref ore to E%ow de an

el | i psonet r QUG REFER &NCSp I8y WNIR A FaRgR Of \Anales, &f ynairance

t hi cknesss, hardiysiending thémgglml s@élﬂp@ct}méir?.r os](c:ope under oblsFrvati oln o
condi ti ons known C i jth t u of a gomer.cia avail abl e
optical nicroscopgil ﬁg@%&t'ﬁeﬁp\aﬂh%%%gBB?Eai%& ?gaf't?é‘tﬁg?ﬂ}'@n%/q gy s
possi bl e si have dresyusuggested queviosslyt Hritotljegcresortl tbo the dsinceherent

t hi ckness I i 1 S i , |ed object
is deposite qiglﬁﬁ\atygar? '? ﬁ@él ggggcfjabtg %ﬁ%e%apﬁtéatégs%@gzﬁs?%% %.Fb't%Hgfylsjg tl%l ed

obj ect and ‘Gerefaee anbiglaratfer aoren-pglarised dight wrder aspolatsed lightawithea cal | -
the sanp) e constat SHBRSAME dircliSS r&BRGe $0 the Plardd18f FididERe, AHigrls al beit
very thin, suffic g be&, }"t 10 prﬁsen_ce to m)quy t he as,gehct of tqgﬁ
substrat e, Y‘ﬁ@?‘é’@s |ecwit ntget‘b""ecﬂ adnicHrsaersr e HGiRIe 'S hasediPr the ew, the
substrat e coirdirigationf ofthbaseond yrermbenbt thedediiatiok (B4).| ayers so that, on the

one hand, the thickness a of the last layer verifies the condition
d2l des[Lyrp +rs~] = 0 and so that, on the other hand, the 15 m ni mum of the

gquantity ~rp +rS~ on thg s vl yes, of is as snmall as possible.
Simlarly, the pr esence&)dﬁ‘@h@;)o'bge@rmﬁsﬁhh‘i ces under these condi E‘lons to
nodi fy, in a way measurabl e under "optical m croscope, the paraneters yr and
d of th®® substrate, so that the optical characteristics of 20 the object
may bebe?t reRéedr fanmd &e mﬁmfiézmaﬂm@fﬁ?iem]gbﬁaﬁh paaris?um e. Thuz,

e substrate.is i.gned.s e nSitiv Q e_par yr an
0 of “the saiptie pFSLAETted Wior dReEE I dnd add BrlE BBNET o7 s T
very | ar ge theingdhal hormmalisednfiux sefigcied fohanedngle &fSincidencdi §f #r @on-from t he
Br ewst er a:}gélﬁrisémiéﬁ.the di spl ay and neasuri ng met hods suggested are

r

desi gned, eover,_so that the radial geonetry of the m croscope has
becone Ponpat i bl et wist roRViRUSr habs spmplate extigelian | ispiet peesibleatiafes. I1n a

preferred eppedi=m whichiscamakiramely fstictingnédrliticty simdectnearnés of

m croscope t h nksﬁto a* devi ce |.ﬂ?$e)rte8.1 n the vi iétn't 'Oft' t he rear
focal plan W&npﬁﬁg,e JRNE A Pet ol M eanditionyel cemplgte 2RI Nyevi ce) |
the illum ng+ng=tlais fat imerar figxiplel sincs ddisasalelydiramslated: into azietatidn cp =0,
is spli ttedoé’f}fveteﬁeo:&ﬁgfgﬁ"éélc%ﬁeﬁ%%‘t Wo | inearly pol ari sed beam accordi ng to

the directions C and offset laterally, 35 relative to
one andher by a small quantity ~d, both wave pl anes 4 associated with

both these pol ari sati g Jyndergoi ng upon reflection on the sanpl g6 phase
variations due to the presence or the | ack of honopgeneity of the object,

wher eas these phase variations are converted into colour or intensity

variations after AQsfigigre sulsstrdtéefared polariséd ligkt ald alebdienesuggasted

in order to enhance the performances of the ellipsometers, but the

30 ellipsometry and the optical microscopy had been considered until now as
incompatible.

The aim of the invention is therefore to provide an ellipsometric

two-dimensional display of an object with very small thickness, invisible



5 the DI C device) then in the anal yser cross-connected with the polarizer.
In this node of observation) the contrast of the object is optinised thanks
to the adjustnent of a conmpensator included in the DI C device. This

adj ustment consists in switching off the interference between both beans
refl ected by the non-interesting regions of the sanple while adjusting
their 10 phase-shift at the device where they produce interference, i.e. at
t he anal yser, whereas the quality of this extinction conditions the quality

of the di Spbﬁd(er T&rﬁ:d&?t Hﬁ%b&gﬁo@ﬂ%l’oeb%wﬁpbﬁ %hl:lﬁﬁhborkrfoﬁlrf hgs same as

previously, 1. msensitivity on the
t hi ckness aCQﬂ’p?H@erélﬁ't theaysg oba copunarcially aVﬁ"@hiesOPﬂ?@é”b(Ff%Q@m vat ionis

a1 obal 1y OpL Il Far e e RO ol FShas ©

cross- conneﬁ'FgElaBGPHFWZtQ '%Hﬁi'sﬁiﬁ PZ’@C(% andle Maasure 'gﬁ &‘ Q@ﬁ%@n%' t$ ncl uded
in the i crindeppmdem hdcioseepéi on rel ates therefore to a device for

el lipsonetric t J: { O i splay, of .a s le, ,conmprisi an obj ect,
pl aced in an in\(,:ui)ﬁgn&hﬁ%ﬁlmﬂ?%bsggakggd%B&%'éngggeﬁ' R YA qqlﬁﬁglar

cr oss-r ef | esuhsiradealtiys cassaciatiool af ither studiest aibjedthane! bf mlwrmlbrstlrate
parameters gf ﬁw t b nitis
pl aced, ar eﬁprl(i) etsl-sr%g%je ccor@{yw\n&bgepl H@é;%?ﬁlgﬁéjsﬁ e su%ﬁq%z

conpri ses adesigeedntp dhat dbr studied, abiecin@lbeit \aryi 'fmfa)rréufﬁcgsprpEStl es are

known, g t h@re@,bhb@&anmbaifg tRECRESddt &5F e w@stﬁétesttﬁé’ﬁe gaﬁh gStFihd hat the
vari ations 539%& QXE%‘ sometric parameters of the sanp ueto the object
p

30 are dis %ntrast greater than the contrast produced in the
ag_seﬂce_ lor such slnbisils wlbw _tﬂéllsabst:cnatlelrﬁomtelow u_sfé_@b@_@erted wlhga&ﬁaéﬁr esI b
ich wi c I t o] ecifigati an ch wi e
consi der ed $ﬂ§§€]{sﬁé\ﬁﬁ} %'P E@%SBE&%& ﬂbe gﬁ?ﬁf)er%iq ofgtenﬁﬁﬁlﬂyﬂ/ VSB@%? bl e
combi nat i onthe cenditiohed¥deffilrir.i wsfi Friadindt ed thiat,ooghthe withier- hped; thee | ens
such as;a TnffiRRAPRE the Wartinf 1S+ GrPRRPBE! bF vAIIBSCEASIORS
ontrast, - 1

as
d|fferent| al Interferentia € mcroscope is a uor escence
ni cr oscope, PAsfi¥€enbodi ment is nost efficient for the display or the

detection of ObJ eSinsilaityt htﬁ@r&@eéhcé Gf”ﬁ'éS'ch}éct WHfficey Nasferl Ihéden to
di spl ay vvltho t he

.sol ar to yisualise al|l
e ottt i it 1€ 3 \vag el (096 aieal IioesBBeata han ¢ he
| at er al respﬁra’meiersl(p aid nhef the substrates sonthat ¢od optieall chegatteristios efit er t han

2 cr ol (PRIE o) BRObMRASE i Pe 0B B ot R o Kt M PO

nanot ubes res kness a o
contact w tsamnle object is such that the conplex reflection coeffi CI ents rp

and rs of the SUb‘FﬁLﬁsatﬁ\eléubﬁrbﬂcey id hﬁs@ﬂ%‘ ts'ooﬂ'léjtsﬁféeaehg't"lll@y +61gfﬂe =0, -
t he opti cal erties E@St rate arfe such tf‘at % m val ue
oty s 5 s A= of B3 satols' e By Sl SistipaRons Shattont | as
gossi bl e, -cdrstitutivel parapters sese Ia@eyfolnrsmw incidengbt arsyles, ciberefOre t he
evi ce gonprise i con,
Mor e ggﬁera\fqry @gﬁ%ﬁ(ﬁ?ﬁ nq tﬁrgm% %@a&f@%e sft“G%}fS'a §§§d’f‘%’f’€ﬂ?’}§ed| um a
metal or a methodnscxuggestad aneedm)gned\emomlvepaaathat theheadimitgemmhetrndbx i s
reater thapg,3 t ofl ayer is
gdvant ageousfa r‘ﬁ?rr?g?% ° %@%@g@&%@gﬁ%mﬂé&réﬂ\sﬁ@gﬁ@%?@gﬁéuﬁ 'Tf&ésé g
proporti onse"lpsqfﬂ@tnlcaf?@'fur@% a silica layer, - the thickness of the silica

layer is of the gprdep Opref@RBdA efBeditRentCiifRémBRTnG M Peidiffemdntil y air,
30 interferential microscope (DIC) (thanks to a device inserted in the vicinity
of the rear focal plane of the lens, for example a Nomarski device or a
Smith device), the illuminating beam, linearly polarised according to the
azimuth ¢ =0, is splitted by the DIC device into two linearly polarised
beam according to the directions ¢ = 45° and ¢ = -45° and offset laterally,
35 relative to one another by a small quantity Ad, both wave planes



- the layer is a magnesium fluoride |ayer, - the thickness of the |ayer of
MyF2 is of the order of 1055 A, the ing dent mediumbeing sinply air, - the

| ayer is a polyner |ayer, 6 - the layer is a polyner |layer, with an
optical index substantially equal to 1.343, the incident nedium being
sinply air, - the layer is a mneral layer, with an optical index

substantially equal to 1.74, the incident nediumbeing sinply water, 5 -
the layer is a mneral layer, with an optical index substantially equal to

1. 945, the aswicitall witrboth ﬂh@seq:o‘ﬁarisatmeldndwa)ngrm Qﬁtrbﬂébtldrﬂgﬂhé S5, -
the layer is rghécontl nuous ..and €O an i ndex

of 1.343, of@ @Qﬁéeﬁ@reﬂpname"@%@reﬁﬁm mrcaﬂ%&é( ef ﬁ?W@Qﬁﬁ?@f 10 and
with cross- ﬁfelhél@b]ed:t Wheress ﬂiESeSpMé vgmtdn\s areaddriverfedantacdibar epet er)

nanopor ous THSET| VASATERE aEL Bolneduean We.stihet, helTelRan beery. Blpal 1o

1. 343, tShe theddizdevicedthem |he:hagarmly9;a!r>cress-comﬁeeted Iweith theepolakzer. m ner al

| d di
sero0e 45t i nRauehe i 3oRils Wl e B0 o
aperture dléﬁhﬁdg-mtmﬁnt hef faommerssat@rngwaudemn §h©t Dls@lj devied! dhis ound t he

axi s of theadmgtrn?éﬁ%swm stach ﬁﬁeu‘f@t%n'cb' bgm@h Btghcaaa?n doa
S|ngle 20 |n$|dence ane I.n a se cte ction, . e evi ce conprlses
a ni croscop@lig NGR- 'atsé@%tweereai%ﬁ @ﬁﬁa{m@ Igevhile adiysting theig

i [nht | ng) t h;fhaéé smmat ltl:jél device Qﬁhé:’eetrse@npk@l@e)wdrfarerﬂjéglufe Oét ke dggce

- e o0 ec 1,S a In | ],M an e er

whereor t reanalvedt, ubiePeas nBGhgliy OF st B SR bordfiofs, 18 Gl o BIE X 2 ong

tge s;Jrfacedlsﬂ'Ilays Thedt hneltm!muhttmlcmndltml ay ithéssientinatien cisntre idsinee aad may be
vant ageo r| an

a 9 Lﬁr‘éo o%‘égf émr%t A (ﬂm g@h&ﬁ@@& rﬂgﬂﬂs(éHQ?iS@g)beWe y

I nvi si bl e cal spec

t echni que, mmkn@sareyomlnellaﬁelaveb |tba|sta@cmhtmaem0de anqbseervat@ & or
di ffract5| ONg/fs? E_m“gu,q 587 to all their conbinations. They are | n
partlcu ar conpatlble W|th the fl uorescence, techniq man

t
t echni que, the colt®EiaPIaY melaed syogested; i§aerafore QVEaB\hBPBW copy
t echni que athé bbs@ivhtnéﬂieIUnd@anmudramm betwded herobsebanectedt polarwzér t he

Dvant ageouad pAER: SvRb IS TDE elEE TR Nen I % HiGidslnd
fluor escent sarrpIEhe snuention wtilatesribatefbreotn ehdeyioe for sliipsometric 1t\Ne- i nci dent
beam n%?cﬁwed't ngﬁiﬁgeéf ey Od?éecﬁﬂgb? cfl i PRkt ! Zﬁ’étde?i“ u? ¢ he 1ight

at whic the evi ce o nventl lﬁ sen |ve reover
t he exti nctingidenhdnediupt, ebseryad bmfa@@nﬁ po@\rﬁrg@nt ight geQssceeflec

l nvenlt I OE rﬁfbu ¢85 80Pz wvﬁé?émnme?@um@mmﬁ@waambmsfémmeesﬁent
fl 82?escethi‘ornfmec%pyw'%nibd?&s%En'e;"%e%gatﬁ?re@”r@?%ﬁan' o S B eocent
obj ects, thweeegded:h depol arise |ight, which corresponds to a very peculiar
envi ronjent of the. HLRGYLRe invention :
- the substrate comprises a base and a stack of layers and its
ellipsometric properties are known,
- the ellipsometric properties of the substrate being such that the
variations of the ellipsometric parameters of the sample due to the object
30 are displayed with a contrast greater than the contrast produced in the
absence of such substrate. '
This invention also relates to the features which will appear clearly
in the following specifications and which will be considered individually or
according to all their technically possible combinations :



This inplenentation is particularly efficient for the observation of
surfaces imersed in a fluorescent nedgum It is also very advantageous 15
for reading the fluorescence signal of “the biochips, including the
observation of hybridization kinetics. The invention also concerns a
measuring method wherein - the display device is cut parallel to the
direction Xinto two elenents, 20 - the thin filmis deposited on one of
these elenents, - both elenents are placed between a cross-reflected

bol ych omati ¢ 11 gite SRBrde, TPaH YTeBBh R HFRpaRpta WESRTRI on cacn

of the el erfBIer@SCOPE lenshe of fset of the fringes formed respectively in each

of the elements LsyiasidfeitonB [ dCidrBsEisliGhi RATSERAAN Iiereranpgr t i es of

the | ayer deposite n one o ent1on concerns noreover a
di spl ay de@®&agt a sanple as desi gnated above, wherein the substrate is

the botsom of a Reh&imiefiscop® id BiUdMSHENcRMPOERIpeS noreover a device for
di splay of a sample as desi gnated above,. rejn fhe sample |s a,

mul ti sensor matri ,‘Sm%‘i@%@z%m%éﬁﬁ?%zheéﬁsﬁﬁﬁ %t’@i taelPY orm t he
last | ayer offobjbetssidthknaritretriibimensions. The meposdasttBehatocHisplayd Vi rus

hi p, t i i body_chi t ' . hi'p, RNA
chi b or - B sohiRes R hiabes REBaEEHBL B Bara i flidle) e ) "
readi ng dewshaped oljedhei.¢ distant by aafjsantity greates tramthehiaterbresallutigmsonet ri ¢
For ot Ua o dhe eRGRelbiarpdt kAbni e kb ATl LAY ) O5noPe
i |1 uni nat i ngichibkvieshe H0llagenl abastedas INAanRfer t cardoni apanelyhes- t he

light refl qenRilviteg, efte).sanpl e is anal ysed by a pol ari zeranal yser,
characteri sed by ng thel ative orientatio ation direction
- t

~qf it ol ari )
rel ative to that ickRgps g PEthe s ?%?qyﬁl" éﬂﬁqr§a$%WItééB§o°bJ§chﬁdul at ed
by the rel ajchethadtthei compfext refietionodaufiicentsor, ahdtieof theisubstratey beam

d of .the pokarizer-ar , ing to thi thod - th t
ginap(r)\r&émea’%?#ﬁ@qzﬁﬁﬁgﬁ?/ﬁé [BQ%Q{S@LQ@'H (rjlg cle?\t Pgd gn t he gxﬁge{)f u; ﬁe
beam del i neat i ng -dheiapgical proplectiesf of ihei stibstrate are hechathatdbe misirmeot ed f1 ux
~Mx, y) an%a‘lﬁé*é@ﬁﬁ%&ﬁ@'&uﬁ% lgﬁuﬂgﬂjogFFﬁé( s¥ oﬁl(/gluggao?tg Rdasismdif aneously

at each point or icture the sanple, - the neasurenents
~M x,y) an®S-PRSEBI®. are processed in order to deduce therefrom

s: Irml taneously at tracievRel dBmpfisddg g&%ﬁ%&néﬂ@g@ﬂ;ﬁdmh@é,izgns ]9}‘ the
AR E R 1 SN SN e A T R T
~M and ~ s |z(tan tBe bas2 i$ ansijicomos ~) _ ~m- the nmeasurenents ~Mx,y) and
St cos of ¢ RIS Pete] sbBaiiio) CHE "obelP B T SR SoSaRI R TN
the basis absoheingdnedium,-anmetaho 2 semieoydycies wherenf thesieabpart oh a
nmeasuring sh&Rptical index is greater than 3.3,
25 - the stack consists of a single layer,
This layer is advantageously mineral, composed of a mixture
SiO/8Si02 in suited proportions.
- the layer is a silica layer,
-the thickness of the silica layer is of the order of 1025 A, the
30 incident medium being simply air,
- the layer is a magnesium fluoride layer,
- the thickness of the layer of MgF; is of the order of 1055 A, the
incident medium being simply air,
- the layer is a polymer layer,



- the orientation of the analyser relative to the polarizer is set to a
val ue different from~12 nodul o ~, 9 the aperture diaphragm of the
illumnating beamis a slot adjustable around the optical axis of the

m croscope superinposed on a ring delineating a single angle of incidence,
- the intensity of the reflected beamis neasured for at |least two 5

di fferent and non-redundant orientations cp of the slot, - these
nmeasurenents of intensity are processed based on the relation Irp |12 cos

S R0 “op) + (1l Er 1€, 2Ol BeH, Sith anrBRticaliinde sunsiaafy °°P, |
angl es ~r (x@gualded 3. he insidentpediupt being SIBPIVERIfi on coefficient nodul es
ot o oty AR PSR Iag T peecoploalThoesshosanlp, {1,
E?iﬁgnteét i o@%%ér%ﬁ%%’%%”&’ﬂeah’\é‘ Esqnﬁrqwg}y, W?%’* exa)r/nsal e o 0, - the
aperturé di aphragntivd ldyee isla umineedlilageharith as aptidadtindely ssbstantially ound t he
optcel Xt aqdl % Gh5 HRERBHBHP SRS BT slbh S FIA SR el ot "0
0 and cp = ind@xdiSthe slot is nmeasured, - these nmeasurenents of intensity
A L ek s ke
| = A2l rs| 2rindex-ofibd4dpotihe sasur height detingating therthickpespetfimlayerin a
nMeasurig SamP with cross-sectional dimensions significantly smaller than a
micrometer, the incident medium being simply air,
- the layer is a mesoporous or nanoporous mineral or organic layer
with an index substantially equal to 1.343, the incident medium being
simply air,
15 - the layer is a mineral aerogel with an index substantially equal
to 1.343, the incident medium being simply air,
-the device comprises a microscope comprising an aperture
diaphragm in the form of a longitudinal slot adjustable around the axis of
the microscope enabling to restrict the illuminating cone to a single
20 incidence plane in a selected direction,
-the device comprises a microscope comprising an aperture
diaphragm in the form of a ring limiting the illuminating cone of the sample
around an angle of incidence,
- the object is a thin film and the stack comprises a bevelled layer
25  whereof the thickness varies in a monotonic fashion in a direction X along
the surface.
This method and this display device are compatible and may be
advantageously superimposed to any optical scanning microscopy, to any
invisible light optical technique (UV or IR), to any spectroscopy technique,
30 to any non-linear optical technique, to any diffusion or diffraction
technique, and to all their combinations. They are in particular compatibie
with the fluorescence technique, the micro-Raman technique, the confocal
microscopy technique, the two-photon microscopy technique and to all

their combinations.



10 - the orientation of the analyser relative to the polarizer is set to a
value different from~/2 nodulo ~, - t intensity reflected i s nodul at ed
by the rotation of the diaphragm D around the optical axis, 5 - the average
reflected flux ~Mx,y) and its nodul ati on anplitude ~mx,y) are neasured

si mul t aneously at each point of the sanple , - the neasurenments ~Mx,y) and
~m(X,y) are processed in order to deduce therefromboth ellipsonetric
angles yr(x,y) and ~(x,y) and the nodules ~rp~ and ors) of the reflection

coefficients bas 0 : ZC o} + 1 s
PoCsin zop sin Zefhé_’rlnﬁ EmeR a%g Bf Jtﬂe Z%r]e’égnﬂz?n loé Rith ﬁugr%gﬁe%eggl) bl y.
in a conpl éﬁ&ﬁ@%ﬁqpystSeparthumlyoadmtage@us ol‘nmd h@lg@@rnsat@naofﬁ@to t he
pol ari zer llrgh$%§‘n|ﬁ5dtb9 a‘ﬂuon‘éscentt.*,ﬁ?n l'éﬁS’b‘Fﬂehydlff@rfén?%ﬁﬁjtl'L SpdaALA@ed by the
rotation of ht% dlag D aro t optical axis eaverae
reflected fOfuxNeMIR ‘})‘}an epny ¥orESCant| MankRr -thesefore aPéuﬁQﬁasured

si mul tameompolamaamrofnhen*ghpét wm@h&agmeance?& thetmenfmsw mmérl M X, y)
and ~n(Xx,y) essed in order to th omb 51 sorretrlc
angl es WX, %8" iﬁ% %Qreﬂveﬁn@etﬂ nediat @Q A SnHWDrIQQ'dSF ighat Pteﬁ]‘%ct i on
coef fici entde\maeseﬂtmlmdeetloalredums borpsndérab@st@po&QSEMParWMQ thers ~2

sin Zcp SI scerﬁ%% a2 l = A , , sin 2cp sin(2~ - 2cp) (rPrs +rprs )
4 25 The |nven?| on a%o concerns a method for ellipsonetric neasurenent of
a sanpl e with spdtinally,r dbisl umpiamm@mlorpoohrtr@ ngreseot oﬁweptlomommtmg a

pi ct ur g gof ﬂd?ﬁe§é’éﬁ2§ee nﬂ@@s@b - d Ie%a”'%e rb%o%ﬁn%éd' 3 |cPéht|cal
i1lumnating beamlinearly Scﬁ vi.a an erture difap (% 11 -
the fight riBfQreseet ‘g’}e‘f thet "g’afﬁp S WPV%%HQBEV W'BBI@F"%@PE‘H& ofer,

char act eri lp‘,ect:l*m' émhmmt(@jfltmmle@ﬂes' of its polarisation direction
relative to that ﬂ'];ls tlrrﬁ%lgnq a'tl%)% is particularly efficient for the observation of

surfaces immersed in a fluorescent medium. It is also very advantageous

15 for reading the fluorescence signal of the biochips, including the
observation of hybridization kinetics.

The invention also concerns a measuring method wherein :

-the display device is cut parallel to the direction X into two
elements,

20 - the thin film is deposited on one of these elements,

- both elements are placed between a cross-reflected polarizer
and analyser under a polarising microscope illuminated by polychromatic
light, in order to form coloured interference fringes on each of the
elements,

25 -the offset of the fringes formed respectively in each of the
elements is measured in order to deduce therefrom the properties of the
layer deposited on one of them.

The invention concerns moreover a display device of a sample as
designated above, wherein the substrate is the bottom of a Petri box.

30 The invention concerns moreover a device for display of a sample
as designated above, wherein the sample is a multisensor matrix, whereas
each block or wafer of the matrix may form the last layer of the stack. This
multisensor can be a bacteria chip, a virus chip, an antigen chip, an
antibody chip, a protein chip, a DNA chip, an RNA chip or a chromosome

35  chip, the device constituting then a paraliel reading device.



- the intensity reflected is nodul ated by the relative rotation of the S
polarisation of illum nating beam and @f the polarizer-anal yser, According
to this nethod - the aperture diaphragmof the illum nating beamis a disk
centred on the axis of this beam the average reflected flux ~Mx,y) and
its nodul ation anplitude 10 ~m(x,y) are neasured sinultaneously at each
point of the picture obtained of the sanple, - the nmeasurenents ~Mx,y) and
~m(X,y) are processed in order to deduce therefrom simnmultaneously at each

poi nt of the sa t | Ngf.i.on e ef lye i tric
paraneters y~ef mﬁ?) \@ﬁéjﬂ@as EE"3\'Pf (?(c,’ﬁ; eré%d Bof Bféﬁléé%f fﬂg{:t PB@gg %5 ci ent
refl ecti on raegstifement, yof an sampleasvith ospatiaé fesolutione urides| pplarising ~e~) =~M
et ~lrsl2(t X ﬁﬁﬂH SR A = gppsurenments ~Mx,y) and
~m(x,y) ar eﬁﬁgsciasﬁsee@?i n o%_( er u{‘:\_eoajfc—llfeh uﬂ??lﬁ%ﬂ om t he conbi nation
sin(2~)cos of the WeRANPlers deadiateddry apdiminating peaavinearly palarsed:, y) and
~ff(X,y) oniglm éﬁéi"ttﬁ'eftfiaéﬂﬂégfrgr mul a S1112Weff ~~S~eff -1- ~, m~M 25 The

i nvention al so concerps, a device for ellipsongtric neasurenment under

m croscope with I'%@r Egh%b%chﬁgrkﬁ’s('Stﬂ%tslaé’gp‘eA@céF‘aWﬁ@dtt&Vt%i@ﬁﬂgﬂ%e -t
onljy cr:]onpria{@lygersiqh@ﬁ@ctan'_heditiyeﬁhﬁlvwllmWebetimlﬁohh@ SOits| ;b@lé‘iriﬁ@ﬂidrﬂg lm'_rror
and the sanple.. her, e t ens, - it conprises a slot revolving
in the plan reoqllgﬂtrglagwértf)ilb%t ?ﬁhﬁlﬂo er’possi bly superinposed on a ring

di aphr agm enabl i ngthedntensityceflettedds Inmgpdidatedr by thearedatiteeratatidn ohéhesanpl e
usi ng I i r i rientations of
t he sl (a)]tto aﬁ%ﬁ%?éét}[@e?fot_rh %ﬁﬁl%ﬁ&ﬁ\ﬁéﬁﬁé i’i@f‘?ﬁf%‘ §§?€'?%@§ﬁ§'8§%’?n4cp- 2
~tanycos~ 5 appl iAerardinghedbistmetwdreasur enents, wherein the paraneters rs,
~r and D nmay be efthedperfurdiapraghsoftile N@Nirdting basth M8 Tirgvédntrdd the

215 o G Se15E U ook Lhcb 5l f Rl s 71T L
rs 4 According to thei avetageceflected flux ¢m(x,y) and its modulation amplitude
15  om(Xy) are measured simultaneously at each point of the picture obtained
of the sample,
- the measurements ¢m(X,y) and ém(x,y) are processed in order to
deduce therefrom simultaneously at each point of the sample two
combinations of the ellipsometric parameters y(x,y) and A(x,y) and of the
20 reflection coefficient |rs/*(x,y) on the basis of the formulae :

1 1
-2-|rs *I+tan?y)=¢, ~ and E‘rs “(tan®y —2tanycosA) = ¢

- the measurements om(X,y) and ¢m(x,y) are processed in order to
25 deduce therefrom the combination sin(2y)cos of the single ellipsometric

parameters w(x,y) and A(x,y) on the basis of the formula :

b = by (1 - sin(2y) cos A)

30 Possibly, in a measuring step :
- the orientation of the analyser relative to the polarizer is set to a
value different from =/2 modulo r,



- the polarizes and the anal yser have a set relative orientation, - the
aperture diaphragmis a hole or a ringg 15 - the picture of the rear focal
pl ane of the lens is formed in the focal plane object of the ocular by a

Bertrand lens, - a CCD canera is positioned in this plane, - the
measurenent of the intensity obtained at each point of the CCD canera is
processed thanks to the genera! formula 20 Irp(A, 7~~~ cost
cpcos2(~-cp) +lrs(9, ~, ~2 si ne cpsi n2(~-cp) I(cp, ~, 6, ~)=Az sin 20p

sin(2~ - 2cp) + <

obtain directly the se?p l]‘mthe eﬁnra%?or%tﬁ Ilbﬁlgﬁ,ﬁp%rge%rﬁ t'#l gﬁ{)l

Accor di ng tasljustablejaraund theaopticallaxis of the nnmmscnperwneylmmsledcoma i s
obtained b f &0l yser and of the polarizes, - the
aperture d%&@n‘?%&%ﬁt@aéﬁh@é é{ﬁ-‘gle °ff"#tgd 13 - the picture of the rear
focal plane of théhﬁéﬁ?ﬂsétYforthﬁdeﬂﬁCﬂeﬁebq%%ﬁdﬁ rpeasigediice @t least e ocul ar

by a Best rfiﬂﬁeﬂe‘hﬂéndﬂdh @Qn@éﬁ?bﬁerﬂéﬂ@%&'dﬂtb{e kldt- CCD is positioned in
this plane, - they ntghﬁ ilnlfgrf‘sr'ﬁl 5% gorégsggﬁ é\da%rﬁ nt of

the 5 CCD (égmi a or p033| ng at each pol nt Y an eac Tour conrponent of
the tri- fera is processed thanks to the general forrrula rp (8, 7~~ 2

cos 2 cp cos2 (~ - cp) +rIs ~~2sin2cpsin2 (~- cp) +I(cp, ~ 8,
7~) = Az, ( sin 20p SI rgticeszmhz(d;r—l:ep)(ﬁe‘rksm’és(re‘(q) =gt rP (e~ ~~s (e~
~) ~ 10 in order to rectlythe set | psgnetric paraneters
of the sanple. Accord| ngl rtnh+ g5 ¥ N sin@ge Ip)ct ure of |the rear focal

pl ane of the lens is for tRe’focal @l ane obj ect of |{the ocular by a

Bertraqg |l ens, 15 - a CCD carrera is positioned in this plane,

-the values of both ellipsometric angles w(x,y) and A(x,y) and
those of the reflection coefficient modules jrp| and |rs] are deduced
therefrom, simultaneously at each point of the sample.

Possibly, in a complementary step :

15 - the analyser is fixed in an orientation non-perpendicular to the
polarizer, for example ¢ = 0,

- the aperture diaphragm of the illuminating beam is a slot
adjustable around the optical axis of the microscope superimposed on a
ring delineating a single angle of incidence,

20 - the intensity reflected for both orientations ¢ =0 and ¢ = /2 of
the slot is measured,

- these measurements of intensity are processed to obtain tany
while taking a square root of their ratio according to the three formulae :

2
25 I= Af’rp‘ cos?¢p for @=0modulon

2
I=Ai2|rs| sin®¢p  for (p=§modulon

-t

tany = |—

30
Possibly, in a measuring step :



- the neasurenent of the intensity obtained at each point of the CCD canera
is processed thanks to the general forqula Irp (A 7~~ 2 cos 2 cp cos 2 (-~
- ¢cp) +Ilrs (0, ~~2sin2cpsin2(~-cp) I(cp, ~, A, ~,) =A2, , sin
2cp sin(2~ - 2cp) + ~rp (e~ ~~5 (e~ ~)+ rP (e~ Ch's (e~ ~)~ 20 in order to
obtain directly the set of the ellipsonetric paraneters of the sanple. The
canera is a tri-CCD col our canera and the neasurenent of the intensity at
each point is perFormed and processed for each of the 25 col ours.

Advant ageousl y, U‘tﬁecﬁﬁeﬁﬁétli(&i BF’itl'f‘éjahély@%m@feﬁé*ti\%;t%g}%‘eﬁlraﬁi‘éﬁs %é}tetﬁtéﬂ ckness

a of the layer of_the stack in contac I'S suc at the
conpl ex r efVad¢e diferepidroms/@npedyig Tand rs of the substrate verify the

condi tion d2/de2[Llnhe pintérssify Teffected 18 Ricifawdl by the @Baipsi dfsthd aced on
a substrat e,.wher eof .t he otthcal tigro erties are such that the m ni num val ue
o

taken by t HUABAM BAroURdEng PptifalaXisne set of values of a is as small as
possi EI &. fAn enmbodheeaerafetreflectedefid dp(vy) Bnb et esadiildiish Gmpiitlﬁdmuga; ely
5wth refer r awi. Ngs e Fi 1 and 2 define
the polaris ﬁg%%@@%@%%ﬁ@%&%ﬂ%% é&ﬁgi’%me\/%%@gt'he propagati on
vector k and the -dheeneasuremards sméx,¢) and idadk ok ace paocessednntdrddr tind cp of
the radii | I i e rrdtig U S gm e ive to
the | ens of&ﬁ%@éﬁ#ﬁ%z%ﬁ%?&sﬁ%@ei%;ﬁ% ‘Qg%\@gtga:ﬁggzg é@%@r dplt)lféari si ng
m cr oscope MARUESeh! @ qQIoNHOE; Sio@sed on i 0B s a
schematlioc di agram of the thickness direct measuring device according to the
invention ; 15 - Figures[|6A and 6B are j agrampti ¢ representation of
the display device of a, ;°P§é°ﬁ8%r($rf?f>%$§f{_{qé°ami_ —cgﬂ in enbodi ments of
the invention. The deséy g‘t i,on, of sit besihdyenthon will bel made using the

notations of Figures 1 ahd 2+ hhe—p—ris—the-pol arisatipn vector of the
light carried by a 20 radius of incidence angle 8 on t sanpl e. Besi des,

by - sanple 1 - is nmeant the assenbly acting on the nmeasurenent. This
sanpl e i s separ atRodgilsly) inhe compierdetanastepnci dent medium 3, it conpri ses,

bedi splayed) o SBcRIEnsHOR o Me Arahssr NS (e Uil (o the
| ayer il§ cdotde=O,with the sanmpl e, and a base 7. The stack of layers and the
base form the subsggat mt&Siihmﬁeéﬁsa% fabe Y CRE SRR WS devi ces

usabl e according to_the 1nv n ; the anal ogous’el enents are represented
with the saiaphiase Pearosnd the optical axis,

- the average reflected flux ¢m(x,y) and its modulation amplitude
dm(X,y) are measured simultaneously at each point of the sample,
20 - the measurements om(x,y) and dm(X,y) are processed in order to
deduce therefrom both ellipsometric angles w(x,y) and A(x,y) and the
modules |rp| and |rs| of the reflection coefficients based on the relation :

Iry[*c0s 20 cos* (9 - @) +|r, sin *gsin*(¢ - ¢) +

I=A} | . sin 2¢5in(24 - 20)
(rprg +1p1) y

25
The invention also concerns a method for ellipsometric

measurement of a sample with spatial resolution under polarising
microscope forming a picture of the sample, wherein :
- the sample is irradiated by an illuminating beam linearly polarised

30 via an aperture diaphragm,



30 A sanmple 1, supposedly plane and isotropic, is therefore placed under a
reflection-operating optical mcroscopgq The mcroscope is fitted with a

| ens 10 and a Kohler-type illum nating system conprising at |east two

| enses 12 and 13 and a aperture diaphragmor pupil 11 conjugated by the

|l ens 13 of the rear focal plane of the lens 10, represented by a dotted 35
line on Figure 4A. The polarizer P polarises the light directed toward the
15 sanple by the sem -reflecting plate 15. The direction of the polarizes P
is used as a ref er engqighl efbbeat bgefthtﬁeéa e i9irRfffsds b§U§J Blbrizér-an

anal yser A. Fi gure B corres 08&1 ﬁ_l I npl ement atl on_q Iferential 5

i nt er f er ent ARAIYERn( G ?C@FQB Y dhgstaiptive jarieptatian 9eof ditspepkarisatiag el enent

ig W[]i ch iksdieédttgw(e?tweltb?ﬁ_gp@ftlb.bpg&gmé_}lrol a Nomar klsi priﬁm ia_nd conpensat or.
it is known besjdes, it is_.also possi repl ac e |Linear

pol ari sati ons wi th{r@ interisity 1 g?ﬁ%ds'gtmmglﬁ%gﬂ'ma,rg]?ﬁ¥? &lgtigp of the

cr oss- cdnnepsladsatidract ilaminating bearhyaey of thehplarizeridnadhgserhe

sem -transparent ng':&;ra[ %@gi’% ‘_gooddari zes, m<':12’1quarterdj’$ave plate (~,/4),

the fens, the sanplé€, qge ' 1t edback, the lens again, the plate ~,/4,

t he pol ari zes nentthemperiwediapragnnef theniluminatingaveam isrardisk centred he case

of the diffgyesd hak df@,t,igrge%r,ﬁ'njti al contrast (DIC) 15 m croscope, there wll

be then the sem-transparent mrror, a polarizes, the polarisi ng el enent, a
plate ~ /4, the |ie, averagearnsiested Hux dméxx) Baddiiacnodulation @mepliiyden, the
plate iyol4, T,L('Sk?y)%é&hééé,Mdedimﬁﬁaheo@él? AR @ajhi st OB NBRFe dBesiRed@nd the
sem-reflec#p’g mrror. The angle of incidence of a radius is A The

m croscope PiPPiSA™YI€20 with a |inear polarizes and an anal yser situated

.on either side ofthehmeasordments ¢l ypahtd &f(xliy)areimbtessBaeini dideritdati on is

epi scopic a n i n ser s, revolvi and forns,an angle ~
with the po({’]éajlqli‘?%egﬁgﬁeﬁ%ogm#ﬁp%é%uggjagcte ghfﬁﬁ t~ﬂp%en§§gmj%dt‘%% t he
rati o of theombhiatenedof | ihe teffestivefr eflipgometiicixparameters epadx¥) fank i s t hat
whi ch waul dy biex 252l IR iRE diaBtive EosRERnt ASCHBRIN, REUA htnel BAdiglky in the
absence of a&%?grﬁzgs ang o?n an oa%'gl yg(t:r vﬁrtﬁtﬁgsﬁaﬁ%meﬁgg 6%)%3'? (lfactly
refl ecting ©8fpmBUIaeHe perfectly reflecting sample is defined by its

Fresnel conplex coefficients for parallel (p) and perpendicul ar (s)

pol arisatioTs as rP =rg = 1. For anyiangle ~ 30 8 =cost~r 2+ r 2 _ cos2~
r+r 2 B Nzlrpd +tdn slp,r 4et P S i P(taReynart Desh ¢fodias the

pol ari zes aﬁJistge ana?;p/-%fé)r zg)rh'é cross- @ ﬁmact et:lpl%?~ _ ~/%, thﬁ%sy\fgnr‘“rml ais
reduced to 16 _Irp +rsl1Z~ N8 2 4 E2 The second nenber of the

formul a4 E1) may | r Lre t nsi te The
et 20l T Ao BRbUHeAsIRTk Y anl amRY 2 Diftesstd hUBr e G,
and of an idrduesi tereénectheosogtrination ai(2unees wfi theiciingle ediectvait ed as
reflectivi téfhips%#ﬁétrrcﬁidrsﬁfretéﬂst\w,ﬁ@y) 8%d q.g.g{ksyﬁ iondhabasidisoherfethury-er age
reflectivity” since it would be obtalined by ignoring the interferences
between rp and rs, i.e. between the parallel and 10 perpendi cul ar refl ected
conponents, and by averaging all the possible imuths cp, i.e. over all
the possible orientations of SIREYHL0S &g The ce relative to the
direction of the polarizes. Reduced to its fir term the equation (E1 )
woul d t23%en provide the reflection obtained by reversing the order of the
sanple and of th al; olg| p t I';ql'g-% Lhcep «surface
only plays here m@épér\?&g‘pﬂang%&o%ﬁ%ﬁhgl ggmenql. ! i be?l rgglpgﬁre’?eﬁqé

di sappear s meaalneynentamder migmscope avithelateral satial sesallit pol ari zes and

anal yser, and in Agt%ra@%qaqﬁiscge\ﬁége) pof arising el enents, nothing goes
t hrough. The second terim of the equatjon ( descri bea the interference 20
vb?ﬁ”

g El
between rp and rg.it 1N QONHISEH | 2 dSINGIH PRI IZRE1 Place een¢ thepresent s

lt_he deppl arig@ﬁtﬁa@h Qﬁirtdi%ddnﬁb@mplb@ﬁ?i_ther_tsﬁwe alﬂtrfe_aleas,_ whi ch converts the
i near incident pofarlsat.lon into.an elliptic i sat .0 [

ellipticity is di T'F TURPT$E5 %aﬁ'ﬁt a%vﬁh{' 4 N éﬁgf @[an ac“ﬁ gh%@eg‘w? nci dence
defi ned by diaphraggh, eassibly shpetimpdsed oniaring tiaghsagml endbtieg to axdrachi s
second ter e i . gesr echivad vy WC sl t refrom
for the co%galseqlgde%ﬁi?trag y%??'ﬁégrsr ?&i g@% o%%h.\\bltlé d%‘%ﬁ%p?ér gé%btr Stb}é_g{-l 4,
where the contributions of all the azinmuths negate one another) and al so
for rp = -rs. It reduces the total reflectivity between parallel polarizes
and anal yser, and increases them when they are cross-connected.




30 The display techni que, object of the present invention, processes
directly this second term W select ~4o ~/2, and the second termof the
equation (El) renmains the only one present. The extinction or, in a nore

el aborated version, the quasi extinction of the incoherent reflectivity is
one of the foundations of the invention. Wat is called "coherent
reflectivity” 17 may also be called "ellipsonetric reflectivity" since it
results fromellipticities (functions of the azinmuth cp) of the reflected
pol ari sati o S §4 [ [ ~ (854~ R Fha (ITP 1Z
+ 1rs 12) +Hrgg§ﬂr2¢=%ﬁ|8irﬁf§ iér?ghr?é‘égi’ﬁé@m sdr(%?g?ﬁiosﬂssi c??n @r?al%sspg %:’Ur%ére t he
si gnal obt afof@¥!3 h t he presence of pol arising el ements with the signal
obtained in the absence of polarising elenents, i.e. in non-polarised
light, which is provided the 10 first termonly. It will \be noted as ~N
(8 NP) _ ~ (Irp lIz +.rafl2), E4 I the, pf esebide the polarizers, it is
still possible tolat ersri Sal y WeGaSméht 811 yPsuchuafAl ViEOSWA ¢ nposi ng ~
~/ 4, as shown on the equat{ion E3. To displ ay the2 edge of a studied object 4
inthe formof a thin flm. placed on the surface) the intensities

coll ected are processed by observing the filmand the bare surface which
are noted |é&pplied toStheBeetihres encdbupempots, iwherkint thet parancsteess pongi apd

normal i sed §I T t . fi md.s F- -1- 2 1F
1S 71 P AR Re el ba3mdtbrs HErfit Foft abeges larial el ahdigs i i ceu
and t her ef opfincidlence/mresentt:i o shoul d be made maximal (IS -~ 0, to tend
toward a contrast of 1 ) or mnimal (IF -~ 0, to tend toward a contrast of
-1). It is then necessary tp extinguish either the surfacg or the film
Thus, a _sensitive process reftlscas oiche (@ne)h sti@hcpﬁn’b(wxs t extinction and
on the Bther 30 hand on & 58l Ictive extincti on. Qur techni gue combines two
extinction factors 18 i) ‘thd, pblarj #H2 é%hnal yser which are
cross-connected or al nost criosg-comécted, #i) an antireflection substrate
for this node of observation. The equation (E3) underlines the double
nature of our extinction 5 the cross-connected polarizer and anal yser
extingui sh the fifesordngdothis devic@cond nenber, our antireflection

substr ?lt e exti ngmi3 teesolbligersadtid ahély@@ﬁéﬁ@séﬁra&f\iw@ﬁbmﬁti@ﬁ, .
antireflection subgtr ry: rent ectivity. It is the secon
f oundati on of our” es%#%x}]r?edéwgggﬁséﬁo%o%aé éQé'i nction does not suffice
for a sensitive dithel pigtureFobthel kearofosabplanebef éhe ilenpiis fiethedin thet bot h
at the samel, lanéﬁ?&r l({}"tlllg‘ogh%'?lb?fyaegehg%ﬁbtel%%st hin, as therefore all its

physi cal paraneters dr sturb_those e bare surface, it neans that
the extinction mrs@ GfeDGamerads popiiopeddn thisplane, t he extinction nust be

lost for a very snid mBuburémaht on tisd inteAsifrbbafited BHidgachr pbin€ f thé ement of

the anti refbﬁgsl on %allf‘% 15 Cf&ﬁ%;r sg'_t])stratellspi{ye_thl rd foundation of

our display NGRS RIPECHRS §dadne geaed! LMia sy ocess may be

quanti ficed by the contrast obtai ned when the fil m observed becones

extrenely thin. In such C 2 1~ and, bec s, ytei ghbouy s andy dl = I F -

IS is close t(I)( a(Ddg RS erg h@s}“ CR%rehgos Jg-fp?&?@,%f St gsin (b~ ¢
(P, s Yy = 1

e, 00 @.2) 1 (0, M), (0,1)| 2222 sin§2¢ ~20)

in order to obtain directly the set of the ellipsometric parameters of the
sample.
25 According to this device :
- a modulation of the intensity reflected is obtained by a rotation
relative of the analyser and of the polarizer,
- the aperture diaphragm is a hole or a ring,



20 Gcan then be witten as C _1dl - I I dIl Q 21S 2ls de where De is
the thickness of the filmwhich can beqgssumed when the 25 optical index is
identical to that of the upper layer, and where dllde is the derivate of
the intensity reflected by the bare substrate relative to the thickness a
of the last layer of the stack. In the case where the substrate is conposed
of a solid base covered with a single dielectric layer, ais therefore the
t hi ckness of this layer. Taking an identical index for the film 30 and for
the last dielectrj frel i L tasd APl £ :

expl anati on_and sh@\%samrte gtp‘ﬁgprrocess ﬁg’éés/”en%ftt?%d%ﬁﬁ%%{@%% "tc'nt}ﬁ?he

refl ection fesalrlanetahiestiafibe sgulardyauBsttrandklensne filmis therefore

consi dered here asaTGDMANferabridieisty fri-cona b@élti@ffted nﬁ‘th%'b%h@?St layer.
19 The sensitivity,of our techn %ﬁ i'S exgre%ggad In Angst]_\rjorr_s" as the
ratio of Cto De -_@e_m_qaqwﬁmeat hg. intengity opfained atLachypoiat of the The

expr essison QCD pameda s gawsibly a0leadhqmisy @nd Yot Bach sbivdlr &oh®tifent of

conventi on (4t faor | an p27al, ro~~k~ rlz2~~~e - ~a r{k~ 1 +
rol ~k~ x ri gkthgégﬂfg%ﬁ%@vﬁrpﬁgisef@phgItgih%gera?raéfocrml,ﬁq ng to the

pol ari sation considered and with (31 = 2~ ale cos Al, the index 1 referring
to the layer, the index

medi um Thi Slﬁﬁlﬁgilﬁnﬁeﬁ Ffegéj?%saﬁ%ﬁgsez?ﬁg @Qﬁh'ﬁéﬁﬁlgf ;ng%(rj Iiﬁgd ?F25%~a1
I s 3 = ~ 2 ClL + 1 2al E9
:1, ja and | {3 repr esfant r r 3%@%%@& Fbgiles%&)ﬁa](ﬁﬁa]rsm ZpICT 228 f ar ; ) ~p~ angr °

r~JCS>~ 20 The suma is periodi cal function of the optical thickness Nee
of period ~, /2. Its nodul e ~a~ shows generally two mnima and two maxi ma

per perjd. inT8RieF ABEIHART dirBELY)-thé set BiGhE Ul el pARIMStle P LERHET 2
del i neat ed funcfl on, it remains very regular and its derivate relative to a

is never ve¥dMBEynificant. Conversely, the function Ln~a~ di verges when dal
According to this device :

- the picture of the rear focal plane of the lens is formed in the
focal plane object of the ocular by a Bertrand lens,
15 - a CCD camera is positioned in this plane,
- the measurement of the intensity obtained at each point of the
CCD camera is processed thanks to the general formula :

) lrp (6, 7\.12 cos? pcos?(® - @) +1r, (6, X]z sin? @sin2(® - @)

I((p,(D’e’}\’)=Ai * . . . —
O 6+ 1 0.1 o200 20

20
in order to obtain directly the set of the ellipsometric parameters of the
sample.

The camera is a tri-CCD colour camera and the measurement of
the intensity at each point is performed and processed for each of the

25  colours.

Advantageously, the object studied is placed on a substrate. The
thickness e of the layer of the stack in contact with the object is such that
the complex reflection coefficients r, and rs of the substrate verify the
condition d*de?[Ln|r, +rs]] = 0.



25 tends toward zero and the sensitivity given by the equation E7 becones
very significant in absolute value on e4ther side of the m ninumwhen the
extinction is total. The contrast is always negative on the |eft-hand side
of a m nimum and positive on the right-hand side. Consequently the
condition to obtain a mnimumw || be designated as a "condition of 30
contrast reversal". 20 As a sunmary, the rapid contrast reversals

i nversions correspond therefore to the mnima of ~rP + rs~ relative to e,

and the very rapiRrefribiythe 'odj@dtS8Iptagdideon At UbieGt\Rré 6 thebpticaym of ~rp
+ rs~ tends tow&rd 0. Th?eﬁ th% |on.{)éa3h1 under | ne'ﬁyt{?_% 5|§mf|cance of the
use of a 5 R'PRGHESAIRY SO§FRINIMUM yalueaken Ryether auantity dies bence
Si gﬂalh tgeovkambéeset efeubluesmeeisiascs‘mzalhéspbhsibreescencle i's addeﬁ to the
right-hand side 1 Lon..(E3).. Wi thout.altering the, extinction
of both ot her tem%%ééémegﬁgfﬂﬁ%h@npé? i%%" y& er?@F'BPgﬂ'goﬁen%‘F%ﬁggﬁy This is
al so t r &nspwithagferenceatoRheappeingied| dravingshehér@oant i on al so concerns an

esort To a part1 auiCo et b B o Sl e TRl pehEdichs SR fofiE 0 1

|
defined by a®l § gelativaio'the mgpagstime@qu_ﬁtartdqﬁw%erienuaa'dnepqmameae_arsl y anong
the four fqhtiwheg aABeszimutd b @ of d'iﬁﬁ‘tl’jé‘@gﬂ@él“s gtenphi ch will Dbe

useful between reflectivities and |%§p(inetr|c_ araneters’'~: 20 rP~z +
~rs~2 = ~rS-z(1 + F'QHEBNY SEFIOWS thes sample, gelative +1q siEyiens ©inthe cos D)
E12 25 10r p mioréscdpe ~rg~2(1 + tan2W- 2 tan yr cos 0) E13 rPrs +rPrg
=2rs~ztan |' cosa The first. of these equat. ons, shows that the

el lipsonetric par'gﬁn@f"é‘? %'3'8 a~df@ra@cggé]eo‘f"gafﬁng@'%%?Pe‘%?wtq%e

i ncoher ent acsrdiogitoithe invéatibngf the other three shows that the

determ nation of t cand.el ] i I Cy L Oy I.r reover
to neasure the C(_)'htl’a'ﬁ%%_’fe ?B;flﬁe(?tis\%?‘tgy _ilgr %z!aé)@(% ié\f:tt%%nth(%#l&%%tsh%?regp

refl ectivi teasuringdevse ggcording th#hecimvention ectivity signal enables to
determige ~r and OFjgurés 6BN&nHSSS i3 ' ioht | ) The
first ilg bgfg& uponl_gturrle r ot a?i on tﬁr@ﬁe aa%'gmae@ﬁ%ﬁ%iééﬁegﬁ}oé g?&ﬁe sanpl e
i s anal ysedligpiay deisecefiamultiensey inpplearentad Incadals; naedimants chthe The
equat i on E3ngdftigh.t hat the signal reflected oscillates in a 5 sine wave
fashi on around t i rent reflectivity.,with an litude =rp rg~2 and a
period ~ on the gﬁ?ﬁ ggg&ﬁ\@ﬁﬁJﬁgﬁ%@'&Ur"@\gerrgaa?H%ﬂ%{r;‘terl")gﬁg?'??ﬁg

measur enentfgursabhadt wdigrai p isvbe pofarisation vestosfof thee lightreaerigdbyreet er s
~rS~Z, Apanyzqi ; e zhsag4 1 + tan2yr) and 2~rg~Z tany~cosO.
Thi s enztgbl ergda @é@gaggcégbgﬁn@%t %es'%§1 inati on 10 sin2~cosa of the

singl e el | i psonetBesidesr Byrets@maplenii Hoseamitheuassanablycaetirzon e 0 and y-~

separ at el Y.measurement. This sample is separate from the lens 2 by an incident
medium 3, it comprises, starting from the incident medium, a studied
object 4 (the one that should be displayed), a stack 5 of layers whereof the

25 outermost layer 6 is the layer in contact with the sample, and a base 7.
The stack of layers and the base form the substrate 8.

Figures 4A and 4B are representations of devices usable
according to the invention ; the analogous elements are represented with
the same numeric reference.

30 A sample 1, supposedly plane and isotropic, is therefore placed
under a reflection-operating optical microscope. The microscope is fitted
with a lens 10 and a Kohler-type illuminating system, comprising at least
two lenses 12 and 13 and a aperture diaphragm or pupil 11 conjugated by
the lens 13 of the rear focal plane of the lens 10, represented by a dotted

35 line on Figure 4A. The polarizer P polarises the light directed toward the



ii) The second step requires breaking the radial symetry of the

illum nation, which may be perforned i4x two ways either by nodifying
physically the geonetry of the aperture 15 di aphragm which nust becone a
slot or a cross conposed of two perpendicular slots) or an angul ar sector
8cp (nmobdulo ~) with aperture strictly smaller than QL4, whereof the apex is
confused with the optical axis or the association of two or four identical
angul ar sectors, spaced regularly around the optical axis of the

I C1 050D Ry gl 1SN Plalel1 S0 THE M eKfof cf R el P B 2 i
a conj ugat ategl %fné f@fefﬁﬁéea'ﬁlw lightsentaphihegojpctaissuibjectithampanalyser t he

reflected |4 ght, the microscope being in Koehler illumnation. The
m cr oscope bei ng itted wwth a CCD canera in order to receive the picture

of the sanple, tHigurEs 45 59/E9sPoRdy 19 e mplegnentation; afhiay diferentiat posi ng a

Bertrang | en@rf@eémn doh@rabﬁn(iDl@)d rﬁﬂaﬁas@@pel pf cbhﬁarrs@%eraa bFariangt herefore
a conoscop S Ssol utl on,, €as

t
i npl enent ec?(femg fﬁét‘”?'ﬁ 'ﬁrﬁq%«?I 3 Wﬁ%ﬁ%@'@”gmaﬂﬁ a; Nemarksh R ’EF?"ES‘r e) in
the conj ugaioesperisater. two paraneters which can be separated geogr aph| cal |y

2 gt gnating t NS lale PaRDCEERASs HE ¥ ird, SPstBi i HRE R s MhPathert Ut o
angl es keptpalaijsationadyiths ciecljlat pelacisationsh expl ored) or the illumi nation
filtereg by digithleGalRad d} éro§§gaph8&ea Sﬁ&aﬁ&?@ﬁd ahQIIyEQF‘s Fhsrnce of

the Bertrand lens, t0 carry ana
si nul t aneo¥lhyPg W%éewﬁanﬁegi%ﬁgmﬂpraa éESm@Q‘éflé%‘fer?eguéﬁ%hWﬁNé plated hence

to deternmi qg/@ytr@r@isl Qihe %am‘p!é eﬂﬁ%ﬂtas a&%eabsmttaatlehy dgaimane maed) (x,y) .
For conpl eiﬁ%&g é%/ﬂi t1; qB t rand ih Sy fé’ ouever necessary to
select a h %”4%&‘8“ igfeq aRoveAnd the,semis a[]§%ar§|n TPl d di aphr agm
or of a confocal Igedinet casebesthsoIdlffemntrébemtenﬁereatlabl@)mfwtef(br@) conpl ete
o1 i a, - dDRDep, e il He mEh0k SRliahePa i b j%énttﬁses total
par al | el arpsiarising sierent leplate A4, dheflens dhe aaphple; then aspgsfaedbackn t he CCD
camera. They énfe‘?@s'a@élﬁ eiﬁ&%lﬁﬂa 'MH"“QHeI Ppﬁ?nﬁlrgn%léméﬂguh?é ﬁ(ﬂﬁﬁ?éd' 8cp

sel ects a part|cul ar azi nut ting cone, provi
10 equi val éﬂ@nftqn%@b%awmswm‘le@&ngmﬁew lrp | Z cos Zcp cos 2(~ - cp)

+ ~rS 2 sin -CIO SThe Bbgle- oﬁﬁﬁcudence'“& 4 rédﬁxlsris@pﬂ% lidroscopens ﬁ't(e’dprs
+rprs) aI | s int e&m t i cal ion cp of

y peri func
15" et 2 paD PRl et tant AoBBReh SRR ofef Bidd daheve
orientati orsau‘iple henaitse y;ﬂh ahdthef light Wbéaﬂluzmnamcm siet episgopid fandhe sl ot

d t th
e o A MRS A0S o e
nmodul at ed ;marmrsTh@mrmal tlé %Ktsr'ﬁéﬁs'dreﬂf@ﬁ tha rationsi i ons of

the guant i tréﬁéct?d rfmnota v@femeshuxe?hé&b@enar? fidQ i$ that SAYER Aodlg¥rni ques
can e Iﬁp men a onetri e ec ni.ques r ocessi
tinme-réfat t?'ﬁ?ar%‘? 3@65?@%’%@’@%% ?ﬁ”"é %mﬂllairyu'g é‘ $ g%ous
detection tpetdridenaes @frmbbnaigsémmunwp@thétmaappﬁecmdmﬂezﬁngsdmme phases

f th t f. the,i it fl f th
ori entat i on T Hettsttloronedlng Senipbe 4, caefiae) oy e fielhef febmelex | cer e
may be neasoeéfitidnis iqunaﬂallelrl(pht andoperpgnditigas| (), mlﬁtlohéaﬁs in

order to dqdu e fL aI formul a above, the values of 30 different
conbi nat i on% of t he pa met ~rs ~, yr and 0, which enables to
det er m3fle conpletely the values of these paraneters ; 23

cos2¢

El

Dy (0,0)= cosz(j)([rp’2 +l, - ‘rp

In the particular case when the polarizer and the analyser are
cross-connected (¢ = n/2), this formula is reduced to :



- if the analyser is driven by a uniformrotational novenent around the
optical axis, the signal | is nodul atedgwith a period n (over ~) and the
measurenent of | for different val ues of cp becones nore accurate ; - if
finally the analyser and the slot are both driven by uniformb5 rotation, at
different frequencies, the function I(cp, ~) can be recognised conpletely
and the paraneters ~rS ~ , y~ and ~ can be determned with very great
accuracy by a conventional three-paranmeter nuneric adjustment procedure. In
t he sinpl est particuIaE case thq,%he angle ~ is set and when 10 the

S

measur ement of | isqpe 2 oth orientations cp = 0 (nodulg ~) and
cp = QL2 (nodul o ~c) k) tpe slot4 the following can be obtai ned
respectively ~N(6,~,cp = 0) = 112~rp~2cos2~ and c~N(6, ~,cp = ~/2) =

| / 2~rs~Zcos2~ 15 It suffices therefore to take the root of the ratio of

bot h these i nt ensThéegetdndbhainbel e aH@Ndrinuld JE 1y ~malhibe FBASHLEIENT
conbined to bOtB, ﬂ;q%lsﬁ)ﬁg%@gnes enabl es therefore to determ ne conpletely

~rg~2, yr, Skeet MO IIMS h~2. 20 It should be noted that the
determ mati on of The S$irstyl eogfa| gLy, ~isartde o peodudie ofbladi nedinelionsi ng

Foqui re st FoPTESRt d" AR TEebl TRRLLICR coBftieRn TRl e BE ace i s

that when cdesignhiedras Bfiastivity fBuchs reflectivibamalyl ke qpalifed aetinaokersmal yser

and whi ch Cavn?r%gereréﬁé@m}?ﬁde%%eqtfwamqf hgk %fbtanéa“qy‘ m@ﬂbﬁﬁgz‘%ﬁea”anged
| e even between t

bet ween t he, m nat 1 ng rror and the 1ens or eve e l'éns and
t he sanpl e. iN@iEeTEAERRISiDEWERN | dot @fdcde bieew between rtheucpargllebsands sine 2

30 | =A2(( r pherpradiitdr ffsted GRmpbrients! 2had byt asBralgihg 4le i Ydseige t hat

wi th a revol vi ng di aphragm c osed .of a.slot, of Cross cansisting of two
per pendi cul %'"E‘\%B? ¢ &Foeg%a‘?%Paﬁﬁigﬁew%ﬁat'% pf &3@ Rlang{oT{RCIJRBES ar

sect or \/\herm&tivrepm ahexdi'rscttmlni'ioédh@rpdldil;izer. Reduckd ﬂ&it@pﬁﬂs@&érmxitl?e 01;] t he
m croscope ' [ S r 5 rees, or t he
associ at i On@@?at&pﬂf%i)@égpa@%&ﬁ @g%&@?oﬂre?eﬁ&?ﬁgfl%'a%i%tyy%é(?rsé?g ilﬁ%ed
regularly a@rtd@n@_ftﬂm@ sampleandfoﬁ the artalysterdirafbter pafin ofsthpdighit bsipce dier i nposed
toari t t C S i carry
out thrlersg n%’largﬁée?rgﬁt @ag?ﬂégtaetﬁgqu{ rgfe Fe%@ég@nat et é;né.e‘l* {Sfﬁé?é%@q and

non- r edunda®E3BRPA/t IHAIYHWhEN ¢ Rdvdi Aewasmaresyraanested Ralarzer #ed ef r om

the set of amglysdd igmmbitthe Catiinesebr (e)pbidridthes @marhentsi-afothingt gees, 1 n
case when the di,aphragmis a slot or a very small angul ar sector nmarked by
its orient atpir%qprbp, the intensity reflected at each point of the picture of
t he sanpl e beconebhé kecohdclent) ofAther paRatioh? (EB | desttibas ke )infesfarente | Z =

I (~P = = =r o, = = 3z s =A). =2 A2wr S|~ ~
For ce=20) 1 7oEeT B L) e Fed sonerell RIBEIGRL TBbIedime ¥
deduce |z 2depdadsatione pbithe incidaniNbeamhéy theesudace wBichncenvests the deduce

therefrom cigfede incidlehlipolaradtiineinitd | 415 WWlitRS polarisation. This ellipticity is
different for each azimuth, i.e. for each plane of incidence defined by its
angle ¢ with the direction of the polarizer, and this second term describes

25 the average reflectivity which results therefrom for the conical geometry of
the irradiation. It disappears for ¢ = n/4, where the contributions of all the
azimuths negate one another, and also for rp=-rs. it reduces the total
reflectivity between parallel polarizer and analyser, and increases them
when they are cross-connected.

30 The display technique, object of the present invention, processes
directly this second term. We select ¢ = 7/2, and the second term of the
equation (El) remains the only one present. The extinction or, in a more
elaborated version, the quasi extinction of the incoherent reflectivity is one
of the foundations of the invention. What is called “coherent reflectivity”



- how the neasurenent of three intensities with three different
orientations of the slot enables to deyermne the set of the ellipsonetric
parameters by using exclusively intensity ratios, hence w thout an appended

calibration ; - how a nodulation of the intensity reflected which includes
these three nmeasurenents, but also others, enables to obtain the sane
information with increased accuracy ; - how an ellipsoneter under optical

m croscope or under binocul ar magni fying glass may be realised by using a
si ngl e pol agj.zer. d Vi : V\p?ﬂ} [ h r t
process, egﬁa i.c?r!gdqv% iésyéoﬁr aé“&sr_l%glgl%ém%ng ecgpmc%énc'g W\ge?@@gn used.
As ~rs~2, Velliphieities fupetiensoef the azimeth prof el reflecigdmuladsation e consi dered :

ei ther access theag xprdddidd 8sufvalerdtS (B9 ig :angl e 8 by using an annul ar
aperture di aphragm or access quantities ‘averaged over a range of incidence

angles [Am ", Amax], with 8m ~ = 0, nost often. 5 The sane fornul ae apply
to effective quantities, allocal gdbel Wdos index " eff ") defined on
the basixs of averages ;) =i a zbfllfg%ﬁ Fy—tg state 2~ E3 1rp |

eff ~~rp/ A 10 Irsleff ~~rS~2 r ta.Tl 1117 ~p ~ eff efF Irs left -

~lrs 12 tantlr cosO~e cosOeg Irs eff Irp eff 15 to wite the intensity

flected 2 ThiR & 245 f £t in z(~ -
ch) o s 7 o T SarssSOn bR bl Tho daldl QB 0 e
measur enent PieseNce phpPEsisingelempns withdéecsignalohtainedrindoe iabsenoanf i ti es
and, in parpolgHsiAg. elbifors, r.@.smbﬁwéﬁsydeﬁ%mr SiHiciné r@\fndewfwﬁy be

conpared w t h val tes cal ¢ h%te I'n order to deduce the romthe properties
of the jefﬁ,thémb‘Pth@V@g NP4 @St i s done conventionally with the
single incidence ellipsonetric angles. 25 Indeed, the interest of the
method |ies especially in carryilni out ellipsonetric neasurenents under

m croscope in order t® . g@DNMe=el(i Bseo ric measurenent and i mag4ng. It
shoul d therefore be COI’{\}S:(I dere)(?:tZﬁQ tptgt h'zﬁzr?atural geonetry of the

illumnpnation is a light cone around the norrmal. Still, the ellipsonetric
paranmeters hardly Vﬁ‘l’ey for small jncidences. . . ) .
in presence of the polarizers, it is still possible to access

15 experimentally such quantity by imposing ¢ =n/4, as shown on the
-equation E3.
To display the edge of a studied object 4 in the form of a thin film
.placed on the surface, the intensities coliected are processed by observing
the film and the bare surface which are noted ig and Is. They are
20 proportional to the corresponding normalised fluxes
The contrast of the edge of the filmis :

I -1
C=——"F=1- 21 ES
I
25 To display the film correctly, C should be optimised and therefore

the Ig/ls ratio should be made maximal (Is— 0, to tend toward a contrast
‘of 1) or minimal (Ir— 0, to tend toward a contrast of -1). It is then
necessary to extinguish either the surface or the film. Thus, a sensitive
process rests on the one hand on a correct extinction and on the other
30 hand on a selective extinction.
Our technique combines two extinction factors :



26 This explains why the ellipsonetry is a technique only sensitive at high
angl es of incidence. The counterpart i{ﬁcn” nethod is that the average
performed on the illum nating cone garbles only sligthly the signal
exploitable. In the absence of optim sed substrate, the drawback of the 5
el i psometric measurenment under mcroscope is that its sensitivity is poor.
But in the presence of the optimsed substrates as suggested, the
sensitivity of the measurenent to the physical paranmeters of the sanple

becones excel | ent; al
measurenents ar ou d ?ha %ﬂgf/\&/s?e%a %Q”L%%?ewé‘séﬁ 'teéaéﬁc’%%a ?‘@\égfg‘il ?gd 10
remains little sensi tﬁIV@St&QSﬁeCQﬂ@Ctede i nci dence. Th| s can be expl ai ned
because bet ween QI)Ossaﬁﬂﬁmééﬁbrﬁ)@h@étkaztﬁrforaﬁﬁg RISt Shsehiign<t i nction of

t he coherent refl chtg t1l In normal 1 ncidence, to the
extent that only tMefauation(E3) HB?@I@'H@%SW? sl pature of Rur @HBEHIRE | on of

the sigaal thsresd-ednndtet pidl@nzfé?réhd aﬁ@l?séﬁf eﬁtnr@Qﬁ% ﬁ?@flﬂé@‘térﬁﬂ of ﬂﬁe non zer 0
15 i nci dence t.he extinction

i |l uninati iy %)BBHemem SIS °|b’5§ltft5$fég9? o%ft?ﬁ#faé% %’ﬁi‘@gwﬁ Eﬁztg?sg%q%e’}sdng I ast
| ayer for aan thendbe defined mdea antitefleatioh sebsisatevior cobergriteeflectplityon ~6(e) ~

~ +rS teb LI , wWhi ch dt
The cond: ¢ b RaNgrseSEe FuiBs B Lorofi BBl EhRI " Mheretore nil for
t hese particul ar Bl gaad extinctioBedors aotssuffies fard sansitivel disptay.ponds it
reachesga @%&W@@@)&iH?HlsﬁEPhW ﬁbf%o éthgﬁg Q4! é”‘;\%‘eﬂ?hl H mon the

ri ght-hand si erefore 0SSi to select t ness a
so that ondigplaye@sis veryeliineds ﬂseretgieh@h itsRpfYsigak paranetars hatdlt e of the

sulbst Ir at e, d.gtarrs ;th@é.@%ﬁ&hgf bél*éesdﬁfééefc’t rrPéaT@!ﬁéttﬂ@e%&m m@ﬁdoé)y

cal cul a |n s be S par ul ar i.nt eres en in

cl oser to éf i (?1.}’ ﬁ§'m£'ﬁ%p e?l?‘i éﬂb% i(?rt H?ryof L J
substrates raoélf daﬁmmeﬂtﬂwsmrfaace?»d' m(cmcmhemméntaofstbbtantmﬂaommftmaquat ion
~—~(e)~3 0. of%nu? 'uBbff‘Q{e. l§qpéiﬁlﬁa fo@%ﬁgﬁ%?%u?dls?aytetcﬂh% ess El ose to a

solution of 't =
corr esponds necesshﬁ perforrpanaces af mudispiay-proegss may be qumtléedrty thecont r ast

reversal tmoﬁh@.@.ﬁabtam& Whehl 1R till ol seprsy uéwﬁés e%errréwﬁnon‘n se a
parti cul ariart Qé er contrast r \éersal |c nes es 35 are then given
by e-~, caSRNJs- and Is becopes, pel 5 PErs RSt lFote B9, ClPRR @t i on
di scussed idiffevehtial elédicht+ nol)e 21~1 + aolnl2e~1pl = g E15 5 In the case

of a s ck reduc i nql the values e~ of a are the solutions
of the quatl on gg 6‘?’3@8% %? E9 a0l + QI2(1 '~ ~01~Z ~' 6011272 = O

E16 10 It possesses two conpl ex sol utions z1 and z2 which are functions of
the indices of the incident medium dpf Ihpdlg of the conplex index of
the substrate, and of the angl € ®f-+nsi-dence 5O (or i n an equi val ent
fashion, of the angle refracted i R ke 2&3{@3 Al ). The critical conditions
are reached when the modul e of one of both these solutions is equal to 1.
This problem 15 is rather sinple to be explored nunericall Anal yticatly,
it is possiwheret se devbedpickaens oif ﬁhﬁefllfTéMf’f’BC"UGaﬂon w@sgm@éﬁlwmeinn si nce

each ofst hgd;ﬁtiéﬁpﬁfc‘l@% i9dantidal td thatrbrithe .gwreraféroaﬁd%éraedwué i@the

ar e of ten. A9BSR Ohrifs: SRSy Nesiad, Biinfia are HLbRHaE: reRYndol iy [ hat

SEOULd be ?ﬂlcﬂﬁé?if mdﬂmbd laﬁmyde@rmfltwe;stgck Inhitie qalset wisekel mersubstnawusto t he

t hi ckness for _a few randaom,indi ces an not oni ¢

contrast c&PMRP 5@958? Folidl, basg foveeEd M@%%@‘gﬂ% c}é% 'gs yeﬁ tehg

di recti on themrfore ttngsthlcriqmeeseafdhnm Ilayeme‘liakh@an identicel Ilndﬁn‘ fartheufdini ty. From
then o t I r t u e-tuning
the i nggx Wﬁl ons d'l?%g ou'g ﬁ%gg?ﬁ@%lﬁbﬁ bﬁﬁc} S"N@Weegl thegr ature
may al so bexpianatiporand §hﬁgt|5eth|a§y>@r Arecess ﬁ@e%mopia@adaantaﬁé af theat i ons
request ed GféARROMRLEN! RIS and! thd AnlisTrate ATHeAfiftn R EAdrekdreThe

sol uti ons fou nunerically are rather ro he enmpiric
fornula  considered here as ay3|mp e thickness uc%uaﬁ%l% t)ﬂ\e ou?ermc}/stﬁayer P



28 2 \Z=No N+ 1 + NE 18 3 3 Particularly interesting results are
obtained by realising a silicon substrgge covered with a single |ayer
neeting the followi ng paraneters, 5 the irradiation being preferably
nmonochromatic and of wavelength ~, = 540 nm and the angle of aperture of
the illum nation cone being assuned as 30 degrees NoN3N2al.00 (air)3.88 -
0.02 i1.3431060 5 Al1.34 (water)3.88 - 0.02 i1.749814 5 A1.50 (o0il)3.88 -
0.02 i1.945750 10 A 10 when No is the index of the anbient nedium N3 is
t he index of the &Eqb r and a
its thickness. TH@Q§§eﬁ§M$ﬂF% iC neé@ﬁ@quggk F%§§9|€ ?g?ﬁkﬂkﬁ$aé?¥%ut
cannot be dﬁﬁ% Colso®ional to ~,. For observations in the air, ~~ = 0. 2.
The layers with indices 1.74 and 1.945 nay be produced by 15 nunerous

nmet hods, such as the PECVD deposits. The,layers with an index of 1.345 are
more difficult to reald sel dIrly nay b & mefi|of a hydrogel, of an aerogel,

of a polyner or be h ro e‘r%mrs formed of bl ocks wEt/h
constant thickness a%w? ery srrall ditrensions. It may al so be a
solutiof in water, sugar, salt, polynmer... 20 A particularly interesting

met hod for visual Ph i ess: ~).,0f a very thin ~Im
can be realised ﬂféng?%'leggllfg‘ @ zR?%m{ H’pﬁ%%&%@@giy?w\ﬁégﬁe&“m\%ﬂ?g% I%ggr fol | ows,
as repr eserns edneentimngli(ref SAZOAMefapdrssdanee)i's real i sed a deposit of a |ayer
21 of variable thickness in the formof a chanfer (Figure 5A, Figure 5B).
25 This substrate 20 is then cut in ordg Fgy L O obtain two identical elenents
22, 23 (23 non-represented |§oi(xt)e'h1'1|2gt¢¢|tfcal to 22) (Figure 5Q). e of
these el ements of the t%)n‘mudl ed (Figure 5C) is en
covered. 29 Both these el efeliw) SdgeoCm cr oscope, irradiated with white

| i ght yging a disk-shaped pupil, are then observed, after having positioned
both these el enents with respect, to one another, in their relative initial
position, lwtmb‘eﬁ'mﬁr@ orP, rﬁﬁC@FF“BQ tat%ael@ﬂgetlorscvml@@rqd afd fringes 26, 27
are then observye e}ﬁimctl ¥‘ on each of these elenents and their

rel ati ve oMfitie o—~27t dhedadex d teferripgdpethe leyenftherHadey2eto

deposi ted on ne of t eeI ment s e invention is particularly suited to
t he di spl ayh@Page and |tﬁé’3f3f’}?";‘]ﬁﬂtt“i‘%‘§\4%rs 10 A chenical or

bi ol ogi cal (bi odThmkqu"alldm snables toonfest s of a base 30 whereon are

dep05| gd wafers 31 (= spots) each forned of a different |ayer capable of
fixing 'Selectively a different specie éﬂ% be recogni %}ad withinaliquid

m xture (biochip) or gageeus,(hwtlljj)er H{Bﬁl‘luaﬁﬂ' ormng between them a
matrix of el@ﬁe‘g'% fer has at¥5 surface
area of a few square r@é‘gror(s)rmm) ofteﬁd‘%t{s)&é@%s of) nol ecul ar order of
magni tude. The nultisensor is used as follows : it is put in contact with
the m xture that should be anal ysed. Each wafer 31, 32... captures the
speci e whi a¥hare apand ddp gepresenhegsnectively ghe s and thee praduatrad.figen situ or
after 20 rigpg 'ﬂ‘%’ t he purpose is to discover which blocks 32 have becone

| oaded and whi ocks 31 have.r ed.e the c osition of
the ni#Pure. A f|1%§ds‘érﬁe‘5i'%%P@Qﬁ@ﬁ”@%ggﬁl%opﬁ?@aﬁ%@es ©Ccan be
visual i sed p@hotih\fbelt@ﬁiodLﬂél | 3OS gamerhllyt ford Biinimesald twdnaxindhpermat ri x
tells about, tig RAtrel dds 38PEht AHIRAGEN T BelbChdriolde o 82di ng

step of dellneated function, it remains very regular and its derivate relative to e is
never very significant. Conversely, the function Lnjo| diverges when |o]
25 tends toward zero and the sensitivity given by the equation E7 becomes
very significant in absolute value on either side of the minimum when the
extinction is total. The contrast is always negative on the left-hand side of
a minimum and positive on the right-hand side. Consequently the
condition to obtain a minimum will be designated as a “condition of
30 contrast reversal”.



25 the nultisensor. Qur mcroscopy nethod is sensitive enough to show t he
di fference between an enpty bl ock and jde sane bl ock when | oaded, in nany
types of nmultisensors. It provided therefore a sinple reading nethod,
direct and parallel for all the nultisensors. 30 In a preferred exanple,
its inplenentation is described on a particular type of nultisensors : the
bi ochi ps. They conprise for exanple DNA chips, antibody chips, bacteria

chi ps, virus chips, chronosonme chips, protein chips, etc. In the exanple of

DNA chi ps, each MQ%kszﬁﬁﬁﬁrgtt‘ﬁgﬂfagﬁl E&Ht?a?é{'ré(/eréﬁlé \W;@an%é Eo:‘r%@p?c%ﬁcfal

ol i gonucl eo}ll des capabl e zation wth an
conpl ement dAGr PF%mt erminimhirat ye dalafive doe, anddhgtweéymamd cantiash| e

| ength, amievéisets A éb@u%ﬂvhéﬁhmsq#mimwm @ﬂr mea feridsoweigld strand is
replicated a gr ea.th nunber. of @@ g‘hen thg nto a ﬁgol ution in contact
with the chip. ThEN®SGHRYON, ng‘gﬁr ngs et §@@' IsANCR 0k they yses 96 i ng
waf er s. 5CQurfluceeseehoenatitrescope [ & dgeipresémee b@@ﬁdomfcéhﬁe sllghélhtﬁe vi ew,

el amont o o SaHRLEad AFnbBheRAS MuckE&aille BRbEIR e JORLARERR  base +

mul ti | ayer mewdesofdhe austionolsd)iwithaet alteriagythiei @mmomaﬂ bothyothet i m sed
0 Subol L atEmuhinte | SRRBYAGRE afS"is PBrabRS M Med Thls BRG] 1 ands
after hybrl |zat|on|s ected eas y|n ensity or colour™| oadi ng

i mpl i ed i n tfansposabletara Raman sigeakaf er by our display nethod. The quantity
of mat gpi al preseme Orhvénﬂ@ﬁehls@Yc&ic’é%@eaﬁs%‘ﬁﬁ:%%ﬁqéiHé‘”Héa%h’ré{r%ﬁt by our

measur enent CI_| evi ce q% psometric

t wo- di mensi'Bf °ddW|§t9haTa(¥fa§°s°£%?@ WEB%fr nee Qgéﬁ r@&PEtctP apagtiedai n an

i nci dent neglibgtrateopser ved between a 5 convergent |ight cross-reflected

anal yser and pol ein the elli aranmeters of the set
conposed of the 3@] ’?'Paﬂ'a‘%ﬁ'%%'&??a‘[%” "gd#d”Fd pl aced, are processed,
characterised in that - the substrate conprises a base and a stack of
layers and that ifs ellipsorgetric properties are known, 10 - the

elli psqrsetrl c properties of PhetmiPett at e bei ng such that t he vEpati ons of
the ellipsonetric paraneterg,of the sanple due to the object are displayed
with a contrast greater than the contrast produced in the absence of such

substrate. 15 2. A device for two-di nensional display of a sanple according
to claim1l, charaoveregueatons setedted laebitrarily among theafdiuatfellbwingoorgs a wi de

aperturele ; : ige . far twe-dipensi onal

di spl ay of Qﬁ@&n@ 8%@@%@ #gﬁ%%@ %ﬁEb@cL%gﬂ{gqegnggcfgﬁ%c%ﬁ t he

m croscope ang @Jhmmeﬁmamatwsdi fferential interferential contrast. 4. A
devi cespor two-di mensional display of a sanple according to claim 2,
characterised in that the njcroscope |s a fluorescence 25 m croscaope. 5. A
devi ce for two-di mnendiofalfsdF gﬂ?(gy  nty) ¥/ sanpl e according to any It he
clainms 1 to 4, characterised in that the thickness a of the stack layer in

cont act vviththe obj th Iex efl ection 30 fficients
rp and rs of the subgﬁprafs V@Q?y éhewco% dé)/ deZ[ Ln~rp +r%%%: 0.

25 [rp - s> = [rs]*(1 + tan?y - 2 tan y cos A) El3

rr, +rr, = El4

The first of these equations shows that the ellipsometric parameter

30  is accessible by the measurement of the incoherent reflectivity. Each of

the other three shows that the determination of the second ellipsometric

parameter, A, requires moreover to measure the coherent reflectivity (or a

combination of both reflectivities). Accessing the coherent refiectivity
signal enables to determine y and A.



6. A device for two-dinensional display of a sanple according to claimb5,
characterised in that the optical propg{ties of the substrate are 32 such
that the m nimum val ue taken by the quantity ~rp + rg~ over the set of
values of a is as snmall as possible. 7. A device for two-dinensional

di splay of a sanple according to 5 one of the clains 1 to 6, characterised
in that it contains a polychromatic fight source. 8. A device for

t wo- di nensi onal di splay of a sanple according to one of the clainms 1 to 6,

characterised in Tﬁ@hédsuﬁaﬂbat&%eggg%@mmé p§:10 light source. 9. A

device for two- d| Si onfel % \H/ |'e according to one of the
clains 1 to 8, @t fis %Qa$ thap th%éo'@&@@ qfdhe @nglysegohhe pigtute. A
dlew ce 2 0{ dﬂme(EaWéltl@@ﬁbI)@b&FHﬁ C%IEDQ:a‘Fﬁ’éFQt |c§r we%gw%meaem{mﬂe

cl ai ns cteri a ag Ists O e layer.
11. A devi cqae%? afﬁﬁ Q@QF‘OESIS%%%«?& E Nis] '@Ctﬁgc%?‘ﬂ'?ﬂﬁst‘g B0 claim
10, ghaﬁacts:me s@Evel ﬁashhmtartdmadltaeencmhaeren‘p‘réfie@ﬂwhﬂmh anigmpﬂthuwllr ce ford

t wo- di mensi S aim cha rised in
that the ¢kl e Bt 8 of 1ie ok §rVREOLT Bro@cdL PefiinnoatRay | he

i nci dent nﬁddwmnwm‘gmnﬂml gnable te@5obtain Awd:e\uoommamns/\mfdthaartﬁrmal

di spl ay of or t 1 eri e | ayer
i's 2 rr%;gnesﬁi'a ﬁﬁ?ulgr ﬁFg f%lrﬂ;g #’Afp idégﬂév(?%re %%rﬂﬂe | ?%ﬁstlgg JHSm ayyof
a sanmpl e acdleldaRycesh. 36F hﬁs aenahes eirapdyt ta i determine rhe tcnmblag@n is a

pol ynerigl ays#ﬁZL‘/é@sA Of 4y isify|é WlligsepndtiiTriaramadrs dbaP Ua¥s Hot BUFAER IS
according t éxargﬁharacter'sed In'that the layer Is a polyner |ayer,

with an opt &IgMingy WSERRIAEM y equal to 1.343, the incident nedium
being sinply air.ii)3the s88ond step requires breaking the radial symmetry of the

illumination, which may be performed in two ways :
either by modifying physically the geometry of the aperture
15 diaphragm, which must become a slot or a cross composed of two
perpendicular slots, or an angular sector ¢ (modulo ) with aperture
strictly smaller than n/4, whereof the apex is confused with the optical axis
or the association of two or four identical angular sectors, spaced regularly
around the optical axis of the microscope, capable as the analyser to
20 revolve around the optical axis of the microscope,
or by analysing the distribution of intensity present in a conjugated
plane of the aperture diaphragm placed on the path of the reflected light,
the microscope being in Koehler illumination. The microscope being fitted
with a CCD camera in order to receive the picture of the sampie, this
25 analysis may take place very simply by interposing a Bertrand lens
between the lens and the pupil of the camera. It is therefore a conoscopic
measurement. The interest of this solution, easy to be implemented, is that
the angle of incidence 6 and the azimuth ¢ are, in the conjugated plane,
two parameters which can be separated geographically and that it is then
30 possible to access the whole function ®n(0,¢,A), A designating the wave
length of the luminous beam. The range of aperture angles kept may be
adjusted, the azimuth explored, or the illumination filtered by digital means.
This solution also enables, in the absence of the Bertrand lens, to carry
out the first step of the analysis simultaneously in several regions of a
35 heterogeneous sample, and hence to determine by parallel measurement



16. A device for two-dinensional display of a sanple according to claim 10,
characterised in that the layer is a mperal layer, with an optical index
substantially equal to 1.74, the incident mediumbeing sinply water. 5 17.
A devi ce for two-di nensional display of a sanple according to claim 10,
characterised in that the layer is a mneral layer, with an optical index
substantially equal to 1.945, the incident nmediumbeing an oil with an
optical index of 1.5. 10 18. A device for tmo dinensional di splay of a

sanpl e accopgdi Qﬁaﬁfgé%ﬁze%%g?AﬂQ@? anﬁr Ql% t@/ﬁh'% r?alld 343

di sconti nuous and, Si an i
the sanme hePfht gl NAVAVERNAAESSAR &K to@ %Oggwusarﬁ@g'ﬂﬂtﬁ the

cross-sect 'ﬁ?ﬁbledbﬂﬁélﬁésoﬁbgﬂblﬁldiﬁﬂﬁﬂa nﬁmaldfeer cbhﬁi&aﬁg@bﬁf etTRyis the
i nci dent nedi ugs bel ne??c i, onal

e
di spl ay of SPUtiomdo dpﬁagfpotl'@rgfq{glgomgﬁégae@r 'PE@?%‘W'% hozfsﬂﬂel’]e | ayer
is a rressopodltfasampcﬁatsopbrtlw$ammerEhedtrst)sqlanuon Icawérsb{yt tunaphna@dex

subst anti al 34 Si rrp ai,r. 20 20.
Adovi ce. {ore dORPReale- S nate . SFapRE  oiliopaBBE SRR Biee e 1o

char act er i sgidture of te samnplé syalways kephonndmeaCCa[bcamelraw th an index
substantially eq 3 M t i i 25 21.
A device for tmu.gﬂ‘%ﬂts%]nosﬁ reéﬁegf'ﬁd CWQ&Q 2 %ql){ ;gﬁ(ﬁngo 'ITP&&O? &%f t he
clainms 2 a i&jecf(@harml@ﬂlas@almutht ma@n ithe ¢lmmlaahagapqme¢rpcsgwdpd yo#pe i si ng an
aperturg di gpiivaght bhthe&qitions®I 18 H4oRHowidi nal sl ot adj ustabl e around the
axis of the mcroscope enabling to restrict the illumnating cone to a
single incidence plane in a selected direction. 30 22. A device for

t wo- di nensi onal di spl ay L@@WS@(@C@WEJ%QQQW ythe claims 1 to 19,
characterised in that ntains a nmcroscope conprisi‘ng an aperture

di aphragmin the form f arin A_i sin 2gging2e- 20) umi nati ng cone of the

sanpl e around an angle o (nrm bice. 35 4 34 23. A devicle for

t wo- di nensi onal di splay of a sanple according to claim I, characterised in
that the object is athin filmand the stack conprises a bevelled | ayer
wher eof the thick@enerallgr spsaking a thi®nintensity ‘saahbenodiuaalancrtmt oof X al ong

t he surf.ace, 4. Si n e device of claim23,

char actlérl s%%r'q% taﬁ@télgg E‘Pcﬁfg&gl?%ﬂ?'?%ﬁﬁ’%% Y4ut parallel to the direction
X into two el enenf $he talative bdentationfafithe ianatyspo @nteaf the patarizer is sietl

el enents, - rQﬁ)th el enments are deposited between a cross-reflected polarizer
and anal yser under_a pol arising mcroscope illum nated by pol ychromatl c
fight, in order tofthg slcdds griver by émf@rmrﬁ@@tlﬁnah@@yemené@éwm thene

el ements) Ilgptical Iaﬁnsoétft%%tfréﬁuérl’w (Brﬂhegﬁfer{sﬂwenbéteémad&ebwmt oféweh of the
elements i s neasure

{ h th t th
| ayer de¥posiABEICof? %%dwp{qﬁéﬂdoygs Woagfﬂt'gée?égﬁ?ﬁo%d%ﬁﬁﬁg{ (Sfrlﬁ?reBI spl gy of
ahsanrplbet aceomblinatioh® ozéﬂwaqwnt]ﬂest he | ¢ lye@ma Alreoegtzd. M?SDESEMII n that
the substr e i
two- o mons EaapRigeSoral b8 ietheRfed, nBiably Photbnihie Kbe Behniaues , 5
characteri spmceasmgatlmekr@laiadplnéen%tyaawiagea and nQPFfo"B%n%@PhtL@PS Ar devi ce

for parallel rfcﬁ%“tﬂ% q%;c ﬁgt fédhngjrde\%géﬁé‘ﬁl o | q&%&ﬁﬁbé\@ fre @n%lﬁhéf@s

characterlsdln matri x congtltué %the
fast | &er ¥ theephagek of the components o Fihe lntenSIty reflected at 20 and a

4o ;

- if the orientation of the slot is adjustable manually, the intensities
collected may be measured for several orientations of the slot, two at
least, in order to deduce from the general formula above, the values of

30 different combinations of the parameters Irs | v and A, which enables to
determine completely the values of these parameters ;



30 28. A device for parallel reading of a matrix multisensor according to
claim 26, characterised in that the nubgi sensor is a bacteria, virus,
antigen, antibody, protein, DNA) RNA chronosone chip. 35 29. A nethod
for ellipsonetric nmeasurenment of a sanple with spatial resol ution under

pol ari sing m croscope formng a picture of the sanple, wherein - the sanple
Is irradiated by an illum nating beamlinearly polarised 5 via an aperture
di aphragm - the light reflected by the sanple is analysed by a polarizerl
anal yser, charact gfi t sation
direction relati verftt@étgﬂap*?% (’}i]ﬁ\}éﬂ *%S dz?{éfrom '%E#%al rygrﬁé’tp%bﬁﬁ%t ed is
nodul at ed bipe: eRtiGad axis, tee signal |I¢$1nmdtﬂai@dwtlrpe| reniashi( OMelbtb) ana the

|11 uni nat i nghJagararAgst @fflfbham@?ér:rﬂwa%@és@ﬂgbéésmes%afe’:‘sé&rréf%ed inthat -

t he aperture diaphy um nat beam 1 s ring centred on the
axis of the beam d@%&tﬁhﬁgaﬁayﬁﬁbﬁédaﬁﬁl gloprare noethedden thye unifeimge

reflected fiowtiodVa befeaéﬁt fré@uémﬂe'é aﬂwIeOfur@ﬂBhuw% tane *e&égrﬂé@d measur ed
si mul taneousl eac 0| nt of t rg Ljpd)cture tal,ne - the
r

nmeasur enent % ely)and, r YAy &aPrPeoaat?Mfa%wﬁHB/@w her ef r om
si mul t aneougteat aaccematy ﬂmyl at cothvetrhmnaarﬂpﬂee pavantetebinumeéntn adpistinent

elllpsometr}brq5 BQB ters ~(x,y} and D(x,y} and of the 20 reflection
coefficient™~rs~ ?émy) on the basis of the fornulae 2 Irs 1Z(1 + tan 2y)

~ Mand ~ | s |Z(lathezgimplest particylar cese syhen therangiene isreat andrwhers ~M X, y)
and ”’(gbcyhh%r ﬁneB&QFé?ﬁéﬁ@of Hsogéﬁérrﬁéh for H&H%ﬁtgﬁéﬁé )%om‘ot(grﬁ:éﬁm?‘@ jnation

sin(2yr)cos of the single sonetric paraneters ~ y) on
the basis ofN4 he F BRnmedul ﬁﬂf& of 1ths rRQ§/~}Qﬁ)sf°J|°W®"Q30caFA t RBtRIReN

el I'i psonet r jggpeBidalyenent of a sanple with space resol ution under

pol ari sing m croscope formng a picture of the sanple, wherein - the sanple
Is illumnated by an illum nating beam biased in a |inear fashion via an

aperture di aphr a@R(6,¢,0360) =t1i2|r}Acobip ard Hekd 6 byi/2)re 192iBbesps anal ysed by
a pol ar| es/ anal yser, characterised by the relative orientation ~ of its

pol arls tion direction relative to that of the polarizes, - the intensity
ref | ected i s nodult guftices, thereforel tx take the aocbnfdhetmOSObcbloﬁl itbase on of

|11 um nati nlatémie@w ooaianhhﬁep@ué}{tlt;zq5n Qﬁ'a*rﬁéeﬁwea%b?érﬁéﬁﬁbb%ﬂwécﬂ tdhat, in

a nmeasuring ori ent a[t I on ser relative

pol ari zes ,gotbéfrey@ué Qngsenahles Q?%'ﬁfo"PrtBrﬁaettﬁr iRB F@nepletely |rs|£ v, and
A, and hence also |rp?.

20 It should be noted that the determination of the single parameters
vy and A can be obtained by using exclusively ratios with measured
intensities, and consequently does not require using any reference
substrates.

An interesting particular case is that when ®&=0 which

25 corresponds to a parallel polarizer and analyser and which can therefore
be deduced from that of a single polarizer arranged between the
illuminating mirror and the lens or even between the lens and the sample.
The intensity reflected can be written in such a case as :

sin 2

30 I=Ai2{|rp|2 cos* ¢ +Jr,|*sin® o - ]r| tanwcosA}

This demonstrates that with a revolving diaphragm composed of a
slot, of a cross consisting of two perpendicular slots crossing one another
on their axis, of an angular sector whereof the apex is placed on the



- the aperture diaphragmof the illumnating beamis a slot 10 adjustable
around the optical axis of the m crosceppe, superinposed on a ring
delineating a single angle of incidence, - the intensity of the reflected
beamis neasured for at |east two different and non-redundant orientations
cp of the slot, - said neasurenents of intensity are processed on the basis
of the 15 relation Irp (2 cos Zcp cos 2(~ - ¢cp) + ~rs 12 sin Zcp sin Z(~ -
cp) | =A2"' * |, sin 2cp sin(2~ - 2cp) + (rprs +rprs ) 4 - the values of
both el 11 pSqptil i isH e iEroskop8ih of. Haintfil AflplitlasCeaIbngndel | ecti on
de t rom

coefficient dul es ~rp~ ?nd ~rg~_ are uce her e Si nmul't aneousl y at
each poi nt 47 degeeesa @5 @ the aspociation Pfriwo er Ifous grsular sertersupt ket of a

sanpl e wi t hszrnetypd, errdngedregiay arRindl thel dticll S%eSHARS é‘iﬁﬁﬁféﬁnﬁ'% to claim

30, 25 charactenised in that, in.a go .ematntar. tep - the gnalyser is

Fixed i o arPOstlkStppHfrosatin iR TC AELFERE & ADOLR0IR A dTCRBAC bl & ~ =

o, - Ej héhapsa.lftiq:ese;mjbapyrm.grthcée tieasurémentsasf m‘ge_aMtyméﬂectecShgg taggaist abl e

around t he is. 0 cr.0 S i nposed on a i

el 1 neat | ngteterf i iosPteciall dighiaRns"gp dhe TBEREad, B Bt <

measur ed f cdedusehthereéfeomatheosat ohthe ellipadmetric-paramefers loé the ample37 - said
; : ; . e .

Square r oot BNSEREETH tdeiReR tAE Hisitiabh B Blof o AVery KHaFandafi 7,

cos z ~ forsegior=m@rigsigydts-orientatiop, (ths intensity seflegted atgach-paistiaf o ~c rp

tan ~ 10 rshéQictdre 6f thel sflpleBe@nmedsonetri ¢ measurement of a sanple with
space resolution under polarising mcroscope formng a picture of the

sanple, wherein - the sanple is illumnated by an illum nating beam bi ased

in a linearyfashign Ying_aQ? Er; r ge)15- light reflected by
t he sanpl e Ills*anaﬁg(})segﬁbygaﬁg IarE‘hl{i Iéﬁ(?gﬁgﬁyg}r cha&gg?erogsed by the'

relative orientatjon -gof ifs polarisation direction relative to that of
the pol ari zbr¥ - I(h)e=i-1°bt=em°sillrs4/ refl ected i s nodul at efobg x0@ rel ative

rotation of the pol ari%ation of illuminati ng beam and of the
ol ari zer - apal yser, T 2
P Ty I(p= Z) = 2Ai2]rs’7 tany cosA for ¢ = /4
15
. I
It suffices therefore to calculate the ratio =~ in order to deduce

2

I
therefrom tan\y, then the ratio if’- in order to deduce therefrom cosA .,
2

This example illustrates :
- how the measurement of three intensities with three different
20 orientations of the slot enables to determine the set of the ellipsometric
parameters by using exclusively intensity ratios, hence without an
appended calibration ;
- how a modulation of the intensity reflected which includes these
three measurements, but also others, enables to obtain the same
25  information with increased accuracy ;
- how an ellipsometer under optical microscope or under binocular
magnifying glass may be realised by using a single polarizer and a
revolving slot.
When exposing the measurement process, equations valid for a
30 single angle of incidence 6 have been used. As |rs?, y, and A depend on 6,



20 characterised in that, in a neasuring step - the orientation of the
anal yser relative to the polarizer is gt to a value different from-~/2
nodulo ~, - the intensity reflected is nodul ated by the rotation of the

di aphragm D around the optical axis, 25 - the average reflected fl ux
~Mx,y) and its nodul ation anplitude ~nm(x,y) are neasured sinultaneously at
each point of the sanple, - the neasurenents ~Mx,y) and ~n(x,y) are
processed in order to deduce therefromboth ellipsonetric angles yr(x,y)
and 0(x,vy) i i = R STa t f i : i.cients
based on thtg@?gl"g\ﬁ nggﬂ(l)&fsr gfﬁ’goﬁggeg:o; %igierzifefsgéla§§érq@r5 Qﬁ€§ gc%rné 2cp sin
2(~ - cp) +Sihgdle apgle 6 Hy, ysing sam(annulapaperiurg diaphragmy on agcesss 33. A
met hod for q@ldritiiesaidragedeaist 8MRRgeObf hiddhtet a Cey,r W i on
under pol ar@sig ni cr.o gope accor di gg tfo cl ai meg?%rcéﬁaiyg@'i’g%ag%%'ﬁ t hat ,
in a conpl 'ht‘g)ry‘%ﬁt@?en'the orientation of the analyser relative to the

polari 28 is set Tnd aanih formlise iabiphnts effectid epianthies; aTedata edidy t he
rotation of r g, .ound the pptic axis, -t erage

refl ected f‘?"&fi%ﬂn)(@) el peitedan ﬂﬁ BAsis | 2Y§Iaaes Aver %‘qgﬂ%%}sur ed
si mul t aneousogessanctacstatoi nt of the sanple , 10 - the neasurenents ~Mx,Yy)
and ~m(x,y) are processed in order to deduce therefromboth ellipsonetric
angl es yr(x,y) and2 ~(x,y) and the nodules ~rP~ and ~rs~ of the reflection
coefficients bajgcr og<*rh%>rel ation Irp 12 cos 2cp cos 2(~ - cp) + 1r9 12
sin 2cp sin 2(c~HPMegcp)\i ¥l Vo= A2 * * sin 2cp sin(2~ - 2cp) (rprs +rprs)
4 15 340 A neasuring nethod accordirig to any of the clains 30 to 32,
characterised i hat g\nmeasurenent of claim?29 y is associated. 35. A
met hod for elli aéggﬁeF ff asurenent of a sanple with 20 spatial resolution
under polarising mcroscope formng a picture of the sanple, wherein - the

sanple is irradiated by an illum nating beamlinearly polarised via an
aperture diaphragm - the|light reflected by the sanple is anal ysed by a
pol ari zerl 25 antnwggf = acterised by the relative orientation ~ of its
pol arisation direction r %i ve to that of the polarizer, - the intensity
reflected is nodul ated by the relative rotation of the pol arisation of
illum nating beam and of Itshd:apqyemézk)%r-anal yser, characterised in that
COSA ¢ =
‘rs’Cﬁ‘ ¢ 'rp eff
15
to write the intensity reflected as :
2 2 . .
N Irplcff cos2pcos A~ ¢) + r;|_, sin2@sin (¢ - ¢)
+2Jr, I:ﬁ tan . COS A sin2g sn;chb ~29)
20 The measurement of | enables therefore to determine the effective

quantities and, in particular, the ellipsometric angles wegr and Aes, Which
may be compared with values calculated in order to deduce therefrom the
properties of the object or of the sample, as it is done conventionally with
the single incidence ellipsometric angles.

25 Indeed, the interest of the method lies especially in carrying out
ellipsometric measurements under microscope in order to combine
ellipsometric measurement and imaging. It should therefore be considered
that the natural geometry of the illumination is a light cone around the
normal. Still, the ellipsometric parameters hardly vary for small incidences.



30 - the aperture diaphragmof the illumnating beamis a disk centred on
the axis of this beam 39 - the avergge reflected flux ~Mx,y) and its

nodul ati on anplitude ~m(x,y) are neasured, sinmultaneously at each point of
the picture obtained of the sanple, - the neasurenments ~Mx,y) and ~m(x,Yy)
are processed in order to 5 deduce therefrom sinmultaneously at each point
of the sanple, two conbinations of the effective ellipsonetric paraneters
y~e~(X, y) and Caff(x,Y) and of the effective coefficient reflection ors

Edl Z(i( Y g‘?nﬁsh@xﬂ?ﬂsswﬁy thBeelf nS’écSH’I%ﬁ‘? %ﬂacﬁn'cﬁu]e o'nﬁ)( %eﬁs&u@é‘ a%“hlgﬁ ) _

CcOoS y)
and ~m(x, y)angl Gspg? rﬁ'@r gevntempart i GBI metherd @nﬂ'tﬂ’ﬁé eoﬁfiﬁrﬁﬁel on

si n( 2~r) cosp@foried Sbrﬁlgﬂfé emummatmg @bhepgaﬂfﬁéél énﬂ?ars rtﬁeY“s‘iﬁrMX y) and
~eff(x,y) on t Slri2~lé=. N M

36. A devi c%xmafa@gis :'rbéﬁ%e%qg%@f Or?a?@ﬂw ShRetrate; the Qa% ﬂ% the | ateral

spatial & esewlhplsometnocrrmasutanesteuhder mivadscopet ISthVlt@@EﬁSItNQ’B ipsomgl e

PP e of tneBftd 8 Helencl?, of 1 QR TbbstarBE b nELgeERed Fhe £l "

apertur e2c51| mﬂmiag’ay: ofpﬁmntﬂqsuser?ent tqa&:ﬂappyj?cal pamnetieﬂs)bf almnserraﬂjélt ntghﬁ ge
t t .

roasur enont Lofics | SEBNERE 2baRE! ASbAIbIL N 138 SAEP a5t dnBbg il

fornul a si nmeaguiemen(s, alopndathey Braysstep asoles ogherzas dhel sigsal egploitad appl i ed

to thesg t hicpRaiRBaRe SEPBItRe WWBLhAglhsf RRIERES This %anYB‘e Iam@@y be
effective paraneters, derived from a Q({ngs on all the an I.nci dence

present | r 1P§caUSE RetWREs) rossseqinect gjizgr @nd an?ﬂlyseref etngtqncpgn ef f
Irs~eff 10 of tHe ToRtearit\VighBCtivtyCigS still efdmplete in normal incidence, to the

extent that only the non-zero incidences take part to the construction of
the signal exploited. With the conditions of a good extinction for non-zero
15 incidences, the extinction is good over the set of incidences of the
iluminating cone.
It is possible to optimise the thickness of the last layer for any
materials.
Indeed, it has been shown that the function |o(e)| = |rp + rs| still has
20 more or less marked minima, which correspond to the conditions of
contrast reversal. The contrast is therefore nil for these particular values of
e. Being also periodical and continuous, it reaches a minimum on the left-
hand side of these values and a maximum on the right-hand side. It is
therefore still possible to select the thickness e so that one of these
25 extrema is reached. Regardless of the nature of the substrate, the
thickness of the dielectric layer can be optimised by calculating |o(e)|. This
becomes particularly interesting when getting closer to the critical
conditions.
The critical compositions of the substrates are defined by the
30 existence of a solution to the equation |o(e)|=0. A critical substrate
possesses a layer thickness close to a solution of this equation. A solution
to the equation |o(e)| = 0 corresponds necessarily to a minimum of |c(e)|. It
is therefore a contrast reversal thickness. The smallest of these values, e,
plays of course a particular part. The other contrast reversal thicknesses
35 are then given by ec,k = ec + KN4A/2.



Irsleff ~ Irpleff 37. A device for ellipsonetric neasurenent under

m croscope, characterised in that 15 -pthe polarizer and the anal yser have
a set relative orientation, - the aperture diaphragmis a hole or a ring) -
the picture of the rear focal plane of the lens is fornmed in the focal

pl ane object of the ocular by a Bertrand lens, - a CCD canera i s positioned
in this plane, 20 - the neasurenent of the intensity obtained at each point
of the CCD canera is processed thanks to the general fornula IrP(O ~. ~2

cost cpcos2(-~- Cp)RécEcg%ﬁrg:tP"tﬁ?%q”u%tﬁH%Q“%ﬁe eﬁﬂé&&rz H(s‘“cﬂsaed ~) = A

sin 2cp sin(2~ - ~ ~)~ 4 25 in
order to obtain directly the set of the ellipsonetric paraneters of the

sanple. 38. A device Qi+ &1 pagms#lcs ya®hkaty under microscEpe
according to claim 37, characterised in that 41 - a nodul ation of the
intensity reflected is obtained by relative rotation of the anal yser and of

the pol @rizer, - Ihhtheazsetofre sthickpbdaged te assihgledapsr, the vaues-ed dfee pi cture

of the rear I f ' | 5 focal plane object
of the ooulde e S&%@ﬁ?r@ﬁﬁé{é&‘féﬁgﬁ ErSIeVE D ‘%Egpt)ssi bly tri-CoDis
positioned in this plane, - the rreasurerrent of the intensity obtained at

each point of the 10 ?1]3 Hqs%hblcy at each poi nt ancbf r each
(P B e £ o

col our component of t processed t hanks to the general
formula irP (0, ~, ~ 2 cost cp cos2 (~ - ¢cp) +1Irs (9, ~,~z sin z cp sin 2

) + T8 (o arh LPpESSSR I BN SRR g FO e e e
e'(I i psomet rquﬁgdpiﬁéggf & %fnqql%wtggﬁgp@ of the Iayer of %he complex index o%
the substrate, and of the angle of incidence 60 (or in an equivalent fashion,
of the angle refracted in the layer, 61). The critical conditions are reached
when the module of one of both these solutions is equal to 1. This problem
15 is rather simple to be explored numerically. Analytically, it is possible to
develop each of the terms up to the order 4 in 81 since each of them
depends only little on the angle close to the normal. “Taylor-made”
solutions can then be found. In practice, both extreme media are often
imposed and it is the index and the thickness of the layer that should be
20 determined. The contrast is then plotted in relation to the thickness for a
few random indices and a monotonic variation in the contrast can be
observed. It suffices therefore to progress in the direction when things
improve until they begin to fall off in quality. From then on, the exploration
is resumed around the best value while fine-tuning the index variations.
25 The numerous results published in the literature may also be used for a
single layer in terms of y and A. The situations requested correspond
simultaneously to :

tany=1andA=n E17

30
The solutions found numerically are rather well approximated by

the empiric formula :



39. A device for ellipsonetric measurenent under m croscope according to
claim 36, characterised in that - the Egcture of the rear focal plane of
the lens is forned in the focal plane object of the ocular by a Bertrand
lens, 20 - a CCD canera is positioned in this plane, - the measurenent of
the intensity obtained at each point of the CCD canera is processed thanks
to the general formula 25 ~rP(6, ~, ~2 cost cpcosz(~-cp)+lrs(9,~, ~2 sine
cpsin2(~-cp) I(cp, ~, AL 7~) = A2 * * sin 2cp sin(2~ - 2cp) + Lra (e ~~'s
(e~ ~)+rp (8~ ~~"'s (e~ ~)~in or ain directly the set of the

el lipsonmetric paraneters of }hp S an@J j | A device according to any of

1
o
obr

the claims 37 to 39, NoraMusty that the camerBlBs a tri-ccD

col our camera and that the |neasur 42 of the intensity at each point
is performed and processed for each of the'colours. 41. A nethod for

el li psonetric neasurenent of a sanple with 5 space resol ution under

pol ari sing m cros | ‘ l.al o ' st udi ed
bei ng pl aced on aﬁgﬁ@gﬁf éﬂ%%bgsﬁeggltgrﬁ %ﬁo etét%e rdc?ni?%%'ﬁ%r?g gé‘ﬁﬁéént hat the
t hi ckness asuéhstiate ¢avgsed orith Resingie layen roeeating theifolowing paraseeters such
that the co cty o LS ie N heoVRafi t gﬁl;g,g verify
the con ititcr)nrg Si?éraggizﬁ[oﬁnﬁ%ﬁgrrgﬁfeié’%f ?Sorildzb A rar{e!té?h%, df_gjr? e ipégz%@tri C
measur enent A&F 940 8ahpnd dhe nargiacel apesiure i o thihdédmnstian; spigy BeiBgoscope
accordi ng t gs@iie@fastitedegmieds 29 to 35, characterised in that the object
I's placed on a substrate whereof the optical properties are such that the
m ni mum val ye—taken by 15 the quantity =~rp + rs= over the set of wvalues of
ais as smajl as Plgssible. . A5 Ngby . Alif y. AbSNAf H. Al f| . AyS5ReAy5ye. ASH. Ay Hf |

.AfF L Ay. Af . Ay5S HR A . Ay T Y ?e N bR, AT 5Y. Te. AYD
Al yEYAf 5f . {‘f %1,'.6,@\\,( PR A,yt%@@‘%g,ﬁ ASy&. X,ﬁg‘*s Ay s?/?A‘?ﬁqi?\Am £JAF5,.AI'S
CAlyY 1.34 (water) 3.88-0.02i

1749 | B814+5A
1.50 (oil) 3.88-0.021 1.945 750 £ 10 A

10  when N, is the index of the ambient medium, N3 is the index of the base of

the substrate, Nz is the index of the layer and e its thickness.
The optimal thickness e is a linear function of A but cannot be

made proportional to A. For observations in the air, g}% =0.2.

The layers with indices 1.74 and 1.945 may be produced by

15 numerous methods, such as the PECVD deposits. The layers with an
index of 1.345 are more difficult to realise. They may be formed of a
hydrogel, of an aerogel, of a polymer or be heterogeneous, for example
formed of blocks with constant thickness and with very small dimensions.
It may also be a solution in water, sugar, salt, polymer...

20 A particularly interesting method for visualising the optical
thickness (N1 x e1) of a very thin film can be realised with the substrate
implemented in the invention as follows, as represented on Figure 3.

On a base 20 is realised a deposit of a layer 21 of variable
thickness in the form of a chamfer (Figure 5A, Figure 5B).

25 This substrate 20 is then cut in order to obtain two identical
elements 22, 23 (23 non-represented is then identical to 22) (Figure 5C).

One of these elements of the thin film 24 to be studied (Figure 5C)
is then covered.
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y+109%: () - ' gbotk WSRatire! hthé A48l reb@%rséh @ﬁ&%téb'?@the reading step of

11 | 0, Y
10! 5[ Oyt 10DRTIPLFPSAT 100k () -1 wiBPd
1 kV S(') 109& () - O!BuSnidveE )y MetindSislnRitije- €ndughl thostv TheddikferehceD %R () - 0!
@S! 10%& ()be(%w ZNBh &mp}}p biock and the same block when loaded, in many types
of multisensors. It provided therefore a simple reading method, direct and
parallel for all the multisensors.
30 in a preferred example, its implementation is described on a
particular type of multisensors : the biochips. They comprise for example
DNA chips, antibody chips, bacteria chips, virus chips, chromosome chips,
protein chips, etc.
In the example of DNA chips, each block consists of a molecular
35 layer with identical oligonucleotides capable hybridization with and only
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hybridization is detected easily by intensity or colour loading implied in the
observation of the wafer by our display method. The gquantity of material
present on a wafer may also be assessed quantitatively by our
measurement method.
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' ' comprising an object, placed in an incident medium, observed between a
5 convergent light cross-reflected analyser and polarizer, wherein the
ellipsometric parameters of the set composed of the object and a substrate
whereon it is placed, are processed, characterised in that :
- the substrate comprises a base and a stack of layers and that its
ellipsometric properties are known,
10 - the ellipsometric properties of the substrate being such that the
variations of the ellipsometric parameters of the sampie due to the object
are displayed with a contrast greater than the contrast produced in the

absence of such substrate.

15 2. A device for two-dimensional display of a sample according to
claim 1, characterised in that the sample is irradiated through a wide-
aperture lens such as a microscope lens.

3. A device for two-dimensional display of a sample according to
20 claim 2, characterised in that the microscope is a microscope with
differential interferential contrast.

4. A device for two-dimensional display of a sample according to
claim 2, characterised in that the microscope is a fluorescence
25  microscope.

5. A device for two-dimensional display of a sample according to
any of the claims 1 to 4, characterised in that the thickness e of the stack
layer in contact with the object is such that the complex reflection

30 coefficients r, and rs of the substrate verify the condition
d*/de?[Ln|rp +rs[] = 0.

8. A device for two-dimensional display of a sample according to
claim 5, characterised in that the optical properties of the substrate are
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5 one of the claims 1 to 6, characterised in that it contains a polychromatic
light source.

8. A device for two-dimensional display of a sample according to
one of the claims 1 to 8, characterised in that it contains a monochromatic
10 light source.

9. A device for two-dimensional display of a sample according to
one of the claims 1 to 8, characterised in that the base is in silicon.

15 10. A device for two-dimensional display of a sample according to
one of the claims 1 to 9, characterised in that the stack consists of a single
layer.

11. A device for two-dimensional display of a sample according to
20 claim 10, characterised in that the layer is a silica layer.

12. A device for two-dimensional display of a sampie according to
claim 10, characterised in that the thickness of the silica layer is of the
order of 1 025 A, the incident medium being simply air.

25

13. A device for two-dimensional display of a sample according to

claim 10, characterised in that the layer is a magnesium fluoride layer.

14. A device for two-dimensional display of a sample according to
30 claim 10, characterised in that the layer is a polymer layer.

15. A device for two-dimensional display of a sample according to
claim 10, characterised in that the layer is a polymer layer, with an optical
index substantially equal to 1.343, the incident medium being simply air.
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10 18. A device for two-dimensional display of a sample according to
claim 10, characterised in that the layer is discontinuous and composed of
silica blocks and with an index of 1.343, of the same height delineating the
thickness of the layer and with cross-sectional dimensions significantly
smaller than a micrometer, the incident medium being simply air.
15
19. A device for two-dimensional display of a sample according to
claim 10, characterised in that the layer is a mesoporous or nanoporous
mineral or organic layer with an index substantially equal to 1.343, the
incident medium being simply air.
20
20. A device for two-dimensional display of a sample according to
claim 10, characterised in that the layer is a mineral aerogel with an index
substantially equal to 1.343, the incident medium being simply air.

25 21. A device for two-dimensional display of a sample according to
one of the claims 2 a 20, characterised in that it contains a microscope
comprising an aperture diaphragm in the form of a longitudinal slot
adjustable around the axis of the microscope enabling to restrict the
illuminating cone to a single incidence plane in a selected direction.

30

' 22. A device for two-dimensional display of a sample according to
one of the claims 1 to 19, characterised in that it contains a microscope
comprising an aperture diaphragm in the form of a ring limiting the
illuminating cone of the sample around an angle of incidence.

35
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- & () -5b}oP1 S3103& A)gevid”r tho-difhensional display of a sample according to
claim 1, characterised in that the object is a thin film and the stack
comprises a bevelled [ayer whereof the thickness varies in a monotonic
fashion in a direction X along the surface.

24. A measuring method using the device of claim 23,
characterised in that :

- the display device is cut parallel to the direction X into two
elements,

10 - the thin film is deposited on one of said elements,

- both elements are deposited between a cross-reflected polarizer
and analyser under a polarising microscope illuminated by polychromatic
light, in order to form coloured interference fringes on each of the
elements,

15 - the offset of the fringes formed respectively in each of the
elements is measured in order to deduce therefrom the properties of the
layer deposited on one of them.

25. A device for two-dimensional display of a sample according to
20 any of the claims 1 fo 23, characterised in that the substrate is the bottom
of a Petri box.

26. A device for two-dimensional display of a sample according to
any of the claims 1 to 23, characterised in that the sample is a matrix
25 multisensor.

27. A device for paraliel reading of a matrix multisensor according
to claim 26, characterised in that each block or wafer of the matrix
constitutes the last layer of the stack.

30
28. A device for parallel reading of a matrix multisensor according

to claim 26, characterised in that the muitisensor is a bacteria, virus,
antigen, antibody, protein, DNA, RNA, chromosome chip.
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29. A method for ellipsometric measurement of a sample with
spatial resolution under polarising microscope forming a picture of the
sample, wherein :

- the sample is irradiated by an illuminating beam linearly polarised
via an aperture diaphragm,

- the light reflected by the sample is analysed by a polarizer/
analyser, characterised by the relative orientation ¢ of its polarisation
direction relative to that of the polarizer,

- the intensity reflected is modulated by the relative rotation of the
polarisation of the illuminating beam and of the polarizer-analyser,

characterised in that :

- the aperture diaphragm of the illuminating beam is a ring centred
on the axis of the beam delineating a single angle of incidence,

- the average reflected flux dm(x,y) and its modulation amplitude
om(x,y) are measured simultaneously at each point of the picture obtained
of the sample,

- the measurements ¢m(x,y) and om(x,y) are processed in order to
deduce therefrom simultaneously at each point of the sample two
combinations of the ellipsometric parameters y(x,y) and A(x,y) and of the
reflection coefficient |rs]?(x,y) on the basis of the formulae :

1
ot

(1+tan?y) = ¢M and —;—|rs

Y(tan?y —2tanycosA) = d)m

- the measurements ¢m(x,y) and ém(x,y) are processed in order to
deduce therefrom the combination sin(2y)cos of the single ellipsometric
parameters y(x,y) and A(x,y) on the basis of the formula :

¢_=¢,,(1-sin(2y)cosA)

30. A method for ellipsometric measurement of a sample with
space resolution under polarising microscope forming a picture of the

sample, wherein .
- the sample is illuminated by an illuminating beam biased in a

linear fashion via an aperture diaphragm,
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lyser, characterised by the relative OI'I ntation ¢ of its polarisation

direction relative to that of the polarizer,
- the intensity reflected is modulated by the relative rotation of the
5 polarisation of illuminating beam and of the polarizer-analyser,
characterised in that, in a measuring step :
- the orientation of the analyser relative to the polarizer is set to a
value different from n/2 moduio =,
- the aperture diaphragm of the illuminating beam is a slot
10 adjustable around the optical axis of the microscope, superimposed on a
ring delineating a single angle of incidence,
- the intensity of the reflected beam is measured for at least two
different and non-redundant orientations ¢ of the slot,
- said measurements of intensity are processed on the basis of the
15  relation:

}rp lz cos 2@ cos X — @) + |, [*sin *psin (¢ — ¢)
I=A2

i ., £+ ;s)sm2(psmi2¢—2(p)

-the values of both ellipsometric angles w(x,y) and A(xy) and
20 those of the reflection coefficient modules |rp| and |rs| are deduced
therefrom, simultaneously at each point of the sample.

31. A method for ellipsometric measurement of a sample with
space resolution under polarising microscope according to claim 30,
25 characterised in that, in a complementary step :
- the analyser is fixed in an orientation non-perpendicular to the
polarizer, for example ¢ = 0,
- the aperture diaphragm of the iliuminating beam is a slot
adjustable around the optical axis of the microscope superimposed on a
30 ring delineating a single angle of incidence,
- the intensity reflected is measured for both orientations ¢ = 0 and
¢ = n/2 of the slot,
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tany = P
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10 32. A method for ellipsometric measurement of a sample with

space resolution under polarising microscope forming a picture of the
sample, wherein :

- the sample is illuminated by an illuminating beam biased in a
linear fashion via an aperture diaphragm,

15 - the light reflected by the sample is analysed by a polarizer/
analyser, characterised by the relative orientation ¢ of its polarisation
direction relative to that of the polarizer,

- the intensity reflected is modulated by the relative rotation of the
polarisation of illuminating beam and of the polarizer-analyser,

20 characterised in that, in a measuring step :

- the orientation of the analyser relative to the polarizer is set to a
value different from n/2 modulo =,

- the intensity refiected is modulated by the rotation of the
diaphragm D around the optical axis,

25 - the average reflected flux ém(x,y) and its modulation amplitude
dm(X,y) are measured simultaneously at each point of the sample,

- the measurements ém(x,y) and ¢m(X,y) are processed in order fo
deduce therefrom both ellipsometric angles w(x,y) and A(x,y) and the
modules |rp| and |rs| of the reflection coefficients based on the relation :

30

2 lrp '2 c0s 29 cos X(¢ — @) +|r, [>sin @sin A($ — ) +

I=A;

L

« . 8in2¢sin(2¢ - 2¢)
(s +1,1,) 2
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space resolution under polarising microscope according to claim 31,
characterised in that, in a complementary step :
- the orientation of the analyser relative to the polarizer is set
5 to¢=0,
- the intensity reflected is modulated by the rotation of the
diaphragm D around the optical axis,
- the average reflected flux ¢m(X,y) and its modulation amplitude
dm(X,y) are measured simultaneously at each point of the sample ,
10 - the measurements ¢om(x,y) and ém(X,y) are processed in order to
deduce therefrom both ellipsometric angles w(x,y) and A(x,y) and the

modules |ry| and |rg| of the reflection coefficients based on the relation :

)rp ’2 cos2pcos*(d - o)+ ]rS ]2 sin 2psin (¢ — @) +
I=A’ : (26 —

15
34. A measuring method according to any of the claims 30 to 32,
characterised in that the measurement of claim 29 y is associated.

35. A method for ellipsometric measurement of a sample with
20 spatial resolution under polarising microscope forming a picture of the
sample, wherein :
- the sample is irradiated by an illuminating beam linearly polarised
via an aperture diaphragm,
- the light reflected by the sample is analysed by a polarizer/
25 analyser, characterised by the relative orientation ¢ of its polarisation
direction relative to that of the polarizer,
- the intensity reflected is modulated by the relative rotation of the
polarisation of illuminating beam and of the polarizer-analyser,
characterised in that : ‘
30 - the aperture diaphragm of the illuminating beam is a disk centred
on the axis of this beam,
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25 the ellipsometric parameters of the sample using at least three
measurements for three different orientations of the slot and of the
formula :

. 2 .
4 sin” 2¢

I= Ai2|r5[2+tam2 yeos* @ +sin® -

tan\y cos A}

30
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37. A device for ellipsometric measurement under mlcroscope
characterised in that :
15 - the polarizer and the analyser have a set relative orientation,
- the aperture diaphragm is a hole or a ring,
- the picture of the rear focal plane of the lens is formed in the
focal plane object of the ocular by a Bertrand lens,
- a CCD camera is positioned in this plane,
20 - the measurement of the intensity obtained at each point of the
CCD camera is processed thanks to the general formula :

}rp (6,%)2 cos? @ cos? (® - ) +[rs(6,?\.X2 sin? @sin?(® - @)

I(p,®,6,1)=A} . . sin 20 sin(2® - 2
Ll @A @)+, @K, (0,1)| 22202 20)

25 in order to obtain directly the set of the ellipsometric parameters of the
sample.

38. A device for ellipsometric measurement under microscope
according to claim 37, characterised in that :
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- the measurement of the intensity obtained at each point of the
CCD camera or possibly at each point and for each colour component of
the tri-CCD camera is processed thanks to the general formula :

10
'rp (o, A.Xz cos? pcos?(® - ¢) +|r,(8,1) sin? ¢sin? (@ ~ @) +
(o, ®,6,1)= A} . :
s ! . . sin 2¢sin(2® - 2
[ @0 (0,) 1, (0,0 (6,0 EESE2 2 20)
in order to obtain directly the set of the ellipsometric parameters of the
sample.
15

39. A device for ellipsometric measurement under microscope
according to claim 36, characterised in that :
- the picture of the rear focal plane of the lens is formed in the
focal plane object of the ocular by a Bertrand lens,
20 - a CCD camera is positioned in this plane,
- the measurement of the intensity obtained at each point of the
CCD camera is processed thanks to the general formula :

[rp (6, 7»12 cos? pcos?(d - ¢) + |rS (6,7»12 sin? @sin?(® - @)

in(2® - 2¢)

I(p,,6,1)= A] : . |
+ @0 @A)+ 5, @A), (1) 2

25
in order to obtain directly the set of the ellipsometric parameters of the

sample.

40. A device according to any of the claims 37 to 39, characterised
30 in that the camera is a tri-CCD colour camera and that the measurement
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42

of the intensity at each point is performed and processed for each of the
colours.

41. A method for ellipsometric measurement of a sample with
space resolution under polarising microscope according to the claims 29
to 35, the object studied being placed on a substrate comprising an object,
characterised in that the thickness e of the layer of the stack in contact
with the object is such that the complex reflection coefficients r, and rs of
the substrate verify the condition d?/de?[Lni|r, +rg[] = 0.

42. A method for ellipsometric measurement of a sample with
space resolution under polarising microscope according to any of the
claims 29 to 35, characterised in that the object is placed on a substrate
whereof the optical properties are such that the minimum value taken by
the quantity |r, + rs| over the set of values of e is as small as possible.



