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ANTI GLARE SUPPCORTS AND CONTRAST AMPLI FYI NG SUPPORTS FOR
REFLECTI ON- POLARI SED LI GHT The present invention concerns object-carrying
supports intended for inproving the nmeasurenments or the reflection
observation of thin filns or of very small objects under optical mcroscope
or under any other optical imaging instrunment: visor, glasses, nacroscope,
magni fying gl ass, binocular 5 nmagnifying gl ass, canera, photo canera,
near-filed m croscope, endoscope, cofocal mcroscope, near field optical

T o oscope. THEE A D O A R ona sl o

vi sual i sat | on techni ques an%EhrEEJﬁé&C}%@Eﬁ%’?bgﬂgm lal interferential
contrast measuri ngrHeDpfgsehedviingioascontbeys efsjecataryingisapperds irtend€d fe in
all observati.on techni ques_and in. pol ﬁjﬂ S?l%g{i'rghb r@f %‘ergt'f n rﬁi@t%u(#l%g

t echni ques. 1‘%%%‘”%3 B IPEAs EMEaLs Rl (e [FIREPOTH PPREIYRHON T M0 TP 3 Lt ¢
whi ch may comergsmall lohijects anderoftimabmidrescopediralnger eny othwy eptioal imagingi con
substrate) or, [ Leg FURGET O nmpl.e; as L yi u or the
observati ons "B‘&éﬁ%/eéerr'lt' 15 "¢t bs le GS\%%‘I a#n%geo%g??é’an@amh,é iéwﬁ?legﬂ 'gééem%ommn
to a cert&i n magnbingplasshesmesappote samerasaearfiled ryaigsoope.fendascess. or by
a set of adj ugakdi enichsHcBpB! Bkar W@!dcgptf’c'éfﬁéiﬁrogeoé@?gﬂmm? bidtipy rébiid y the

nmenbers of a given fam|ly. The qbject. o e present invention is therefore
to offer a sd%ﬁ%rﬁt?‘c’@'@ab%ﬁdﬁﬁ 902‘@}*7* ANFSEPR N hesa FPROMSARR PaEICUALY t o
tge i ndex n, iefentbe fo&yg:!‘»efiﬁr]gﬁdali?ﬁoﬁ riehaiguas eavd iﬁOfﬁﬂbGXcl&r_F ?tfiff@r@hiizﬂn i ndex
n2, in a surr.oundi ng. LUm.o i ndex of _a contrast_ a L f.Vi unction
for ool ari e eI BoMERR dhe Mg (OI) et B e ThER bre TR0 gL ot

pol ari sed0l i glse. inTall phesrvefibedechridues and it potarised dighh ssfiecsiappoessurmgended

for observinge..ZRqhat Wween crossed pol arisers an object placed on the support
or in the vicrnit thereof in a nmediumof index no with spatially incident

conver gent i ncoher’®&Ee SUPPOFS @5 Fehnasheither by angl &f deragtedstigawdiehgey A,

including a spsbfratheirdat _QPlfsple@farﬁélel:@i& iysteon 8 2ilicen lsabsiFatef ocpap! ex
cKnN

ot on, TR Sl ST SR Sugns 81 B ShodEndd BEGER: ©f ©f
.15 crossed polarigsers), and which, if they are common {o a certain number of
these supports, class it in support families, or by a ‘set of adjustable
parameters which enable to recognise individually the members of a given
family.
The object of the present invention is therefore to offer a suppon,
20  exhibiting in relation to the thickness e4 and to the index n, of the layer formed
on a substrate of complex refraction index n», in a surrounding medium of
index ng, or a contrast amplifying function for a polarised light observation, or a
antiglare function for the polarised light.
To this effect, the invention concerns a support intended for observing
25 between crossed polarisers an object placed on the support or in the vicinity
thereof in a medium of index ne with spatially incident convergent incoherent
ilumination under an angle 0p at a wavelength A, including
- asubstrate of compiex refraction index ng,

- a layer of complex refraction index n,y and of thickness ey’

30 The value of the thickness e4 of the layer is within 2 % so that:
dl
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de,

with




wth 2 C 601 + 0-12 (1 + Iral )e (--W) + CFG;T)2e(-4iJF, ) 0 + 1010) ,
11:1(p)e + ) a fon-nuls wherein g and - ny represent respectively the sum

and the product of the Fresnel coefficients of the different interfaces
((iJ)=(9 1) or (1,2)): 5r;,,,) =n, cos 8 - n, cos 0, ~ni Cos 0J. + n ~
Cos 9i and ni Cos O - ni Cos Q) n, Zos 0, + n, Cos G 10 and wherein
2=1 et Cos 01 A 10 with cosO I- (/) 2 sin" 0, The invention al so

obj ect placed on the support or ©m t&e(imi)i ty tHeFeéf In 15 a medi um of
index no with incident conve?ﬁeggri ncoher grteshd L ym pat iomynder  an angle 00
at a wavel ength A, including a sub¥frat®of compl ¥R F¥&fraction index n2, a
| ayer of conplex refraction index n, and of thickness el. The value of the

t hi ckness el_ pf the er is within 2 9%so that, d |~ -~ ele with i
(7D 1 + (7123 @Tnﬁazyhggel gyep\émﬁ,j ,r%qeﬁ;en; rgs%ectl?glx jﬁ? suglraqrd thle,;?r,ogyct prr L (Pe 1;;
(-2 jpl) )(Ithe Fresne] cpeffizients ef the2iferadt intefraces [(@))wlet)arm{(1@)f and zy '
represeng respectively the sum and the product of

concerns a support intended for observing be];y)@en cro%g,swe)d pol arisers an ‘

n;cos8, —n, cost,

Ti) =
o) n,cosd, +n, cosd;
and

n cosf, ~n, cost,

Fig =
w n,cosd +n, cosé,

. 27, e, cos 6
10 and wherein g, = —11l——1

A
- 2
with cos@g, = \/1—(%11) sin g, .

The invention also concemns a support intended for observing between
crossed polarisers an object placed on the support or in the vicinity thereof in
15 a medium of index ng with incident convergent incoherent illumination under
an angle By at a wavelength A, including
- a substrate of complex refraction index n,,
- a layer of complex refraction index n4 and of thickness e;.
The vaiue of the thickness e of the layer is within 2 % so that:
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25 a formula wherein oy and n; represent respectively the sum and the product of

the Fresnel coefficients of the different interfaces [(i,j)=(0,1) or (1.2)}:
n;cos, —~n,cosd,;

Tife) =
n,cosf, +n,cosb,



the Fresnel coefficients of the different interfaces or (1,2)]: n, cos 6i -
n, cos NO= ni Cos 0, + ni Cos 3 and n, cos 8, - nl cos BJ r #-s~ n,
cos 8, + ni cos OL and wherein /3, =2nnle, cos6l1 wth cos81 =ri-D 1 sin
8D . The invention also concerns a suppo?t i ntended for optimsing the
useful extinction coefficient of a polarfsing m croscope for observing an
obj ect placed on the support or above the support in a nediumof index no
wi th 10 incident convergent incoherent illumnation under an angle e0 at a
wavel ength A n‘i'mludlng a substrate of conplex refraction index n2, a |ayer
of conplex refraction index nl and of t Hl esfes ;€338 The val ue of the

t hi ckness el of the Iayer is vmthanQ)%nsgst at,  dymd (jer~" | del \RNP/
with and 20 and =0 RNP = -, +rs,~" ?dﬁ 6174F2 e(2162) rp {-21Q) p
5

and wherein s = @ﬁiﬁg—’:

5 with cos#; = Jl—(’%] sin’ 6 .
1

The invention also concermns a support intended for optimising the
useful extinction coefficient of a poiarising microscope for observing an object
placed on the support or above the support in a medium of index ny with

10 incident convergent incoherent illumination under an angle 8, at a wavelength
A, including |
- a substrate of complex refraction index ny,
- a layer of complex refraction index n4 and of thickness e«
The value of the thickness e, of the layer is within 2 % so that
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a formula wherein oy and =; represent respectively the sum and the product of

25 the Fresnel coefficients of the different interfaces [(i,j}=(0,1) or (1,2)):
n,cos@ —n, cosd,

fijte) =
n;cosf, +n, cosf,

and




and rs - r OIW+ r nx)e + rD (a)ri12{9Je CFO + 12(1+7r01)e(-2JA)

+ ~rD1"rLe(-A J P1) rr=r+r = (1+"01(p)+rla(F)e(-a0l)) (t+r (-a,ip:)

dl (sl 12(s) ) a formula wherein o0;1 and n# represent respectively the sum
and the product of 25 the Fresnel coefficients of the different interfaces
((i,j)=(0,1) or (1,2)]: rl11(P1 nJ cos 63 - n, cos 9J n., cos O, +n,cos" 8i

(p) (P) and 4 n; cos 0; - ni cos 0j n, cosO, +nj cos8 and wherein A =
2nr,el osg, , with cosO, (no 5 The present _inventjon also concerns the
characteristics which will appear in Lh’éCP%?il'd%MC%é;descri ption and which

shoul d be considered individually of éc,q%qug,kasml | their technically
possi bl e combi nations: - the values of the refrdcti on index nl and of the
thickness e, of the 10 layer are within 2 % such that : c¢cr=0 - the

substrate and the | ayer ar %Iiceolsgctri cor lit absarbent, the nodule of
t he i magi nar gngdavhdrein Bf= Witk dosgex G-IZW sireinf@; .t han 15 0.01,
the general conditions being feduced to the clondi S : n,e, cos0,= 4+ kA
and 2 - n2 + Vn2 cost 00 (n; -na Sill 20} nnz +no cost 00 20 with k
integer and with an uncertainty of 2 %on the values of n, and el; - 00 is

smal ler than 5, tHheegeigseal invandioni alse penaegns dtiacehpraetepistics) which will
appear in the following description and which should be considered

individually or according to all their technically possible combinations:

- the values of the refraction index ny and of the thickness e4 of the
10  layer are within 2 % such that :
o=0

- the substrate énd the layer are dielectric or little absorbent, the
module of the imaginary portion of their complex index being smaller than
15 0.01, the general conditions being reduced {o the conditions :
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20  with k integer and with an uncertainty of 2 % on the values of nyand e, ;

- B, is smaller than 5°, the general conditions being reduced to
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with k integer and with an uncertainty of 2 % on the values of nsand ey ;




z 1 nl no n2 25 and nlelcos&l= A 4 +k2 with k integer and with an
uncertainty of 2 % on the values of nl and el ; - the support is intended
for use with annular incident illumnation with an angle of incidence 90
which is unique withint 2.5; - the support is intended for use in incident
and convergent axial 5 illum nation w tfh an average angle of incidence 9a
associated with its total angular opening L OQ by the relation: coseo =
cast 2 deo - the illumnation is nonochromatic or quasi-nmonochronmatic at

the wavel ength A tH supbb id inltéHHe@!%t 98¢ Qs a?m@mtmau@muummnaﬁenmr um or
aver age wavel ength A; -

BepRge .%ﬂ'é‘?ﬂ%%’t?ef@ alﬂg’é'si H‘P"B‘I’ﬁawgﬁ' g 2 surroundi ng medi um

= 589.3 nm the substrate is made of cadmiumw th n2 =

the | ajer S 9 iR e s iR aRd oM ORAOTE

pol ychromatic with
t he support
= 30 and 7,

with 8o

1.13-5.01j,

t he substrate and

20 wher eitn nllumndtieh withe anhaverage xaraitel of Hreciddrioek Ae sssodiateldewithyitsr totdl12 t he

conpl ex refr rate, in the air as a surrounding
ﬁgéd' cﬁeﬁq@(%g'bb‘}npn%é@tébate | in, Gold0.40 - 2.6'1.70694

46 Nickel1.76 - 3.2"1.51847 25

ad to 20 and the substrate and the

medi um 90
Silver0.131.59795 Al umi ni unD. 92:4550,@ c‘&?
- Bo is an average angl e of incidence eq

| ayer have the sp cities of the f IIo ng table wheregin n,
tha i ndex and ¢ hahe rilERiEDSnof MROCERRERAC ST { HASEOTRERITeAcadt B
of the subsisadiengthih;the air as a surroundi ng nmedium (3) and 2 540 nm

10

15

20

25

- the illumination has a continuous wide spectrum or polychromatic with
maximum span 1 0.3 A around its average wavelength A;

- the support being intended for use in the air as a surrounding medium,
with 8¢ = 30° and A= 589.3 nm, the substrate is made of cadmium with
n;=1.13-5.01;, the layer having an index n, = 142 and
e1= 1084 Angstrdms;

- the substrate and the layer have the specificities of the following table
wherein n; and e; are the index and the thickness of the layer, n; the complex
refraction index of the substrate, in the air as a surrounding medium, 8; = 5°
and A= 540 nm

Substrate ', ny e:(A)
Gold 0.40-2.6/ 11.70 (694
Silver 0.13-3.44j [1.59 |795
Aluminium 0.92-0.95/ |2.01 [346
Nickel 1.76-32] |1.51 847

- Bp is an average angle of incidence equal to 20° and the substrate and
the layer have the specificities of the following table wherein n, and e¢ are the
index and the thickness of the layer, n; the complex refraction index of the
substrate, in the éir as a surrounding medium (3) and A= 540 nm

15

TR T e T TN T

are
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t-: 6 Substraten2n,el (A) Gold0.40 - 2.6'1.64739 Silver0.13 - 3.44'1.55838

Al um ni unD. 92-0. 95 1. 89399 Nickel 1.76 -1.48890 - 0Qis equal to 5 and the
substrate and the | ayer have the specificities of the follow ng table
wherein n, and el are the index and the thickness of the layer within 2 %
n2 the conplex refraction index of the sypstrate, no the index 5 of the
surroundi ng nedium X= 589.3 nm when the layer is made of cadm um and X=
540 nrn in the other cases _Substraten2nonie, Gold0.40 - 2.6j1.332.42490

Gol d0.40 - 2.6'1.51.79755 S| 13- 3.44j 1, 332. 2 |Silver0.13 -

3.44' 1.52.7412 Al uni ni uno: Luqlﬁ'%g%ﬁ%; 14--89355 N i%ﬁ)— 6 -- 3.2'1.332.11572
Ni ckel 1. 76 - 3.2i1.52. 4547@5¢ddm un®.40=2.8)1| 1.6449928

Cadmi uni. 13-5. 01' 1. 332. 056 dm Y513 14 t= 52, 8

Tinl. 48-5. 25" 11. 48899 Ti nl?ﬁ%@g.ﬁ' ?913%&23%;94%3‘5ﬂﬂ3%?§%. 25" 1. 52. 33548
Copper 1. 04- 2. 59' 11. 62746 Cogayniundg 08256 0058308934899

Copper 1. 04-2.59j 1. 52. 83351 Nkt 1. 9%4-76 632k1| 4d 37 gggvgéor at ed)
1.51-1.63" 1. 332. 23423 1.51-1 52

- By is equal to 5° and the substrate and the layer have the specificities
of the following fable wherein n, and e, are the index and the thickness of the
layer within 2 %, n. the complex refraction index of the substrate, np the index

5 of the surrounding medium, A= 589.3 nm when the layer is made of cadmium
and A= 540 nm in the other cases

Substrate n; Ng N €1
Gold 0.40 - 2.6f 1.33 2.42 490
Gold 0.40-2.6f 1.5 1.79 755
Silver 0.13 - 3.44j 1.33 2.28 512
Silver 0.13 — 3.44j 15 2.7 412

Aluminium 0.92 - 0.95/ 1 1.89 398
Nickel 1.76-3.2] 1.33 2.11 572
Nickel 1.76 - 3.2§ 1.5 2.45 473

Cadmium 1.13-5.01) 1 1.49 970

Cadmium 1.13-5.01 1.33 2.05 684

Cadmium 1.13-5.01§ 1.5 2.36 582

Tin 1.48-5.25j 1 1.48 898

Tin 1.48-525 | 1.33 2.02 640

| Tin 1.48-5.25) 1.5 2.33 548

Copper 1.04-2.59j 1 1.62 746

Copper 1.04-2.59j 1.33 2.23 423

Copper 1.04-2.59j 1.5 2.83 351

iron 1.51-1.63j 1 1.54 737
(evaporated)

1.51-1.63] 1.33 2.23 423

1.51-1.63] 1.5 2.72 305
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7 - the paraneters defined by the clains 10 to 14 are kept with the
exception of the wavelength A and of the thickness el of the layer 2 which
are nodified proportionally, not being nodified. 5 The invention also
concerns an accessory intended for obserying a preferably liquid sanple
formed of a Petri dish and of a support fntended for receiving said sanple,
t he support being the bottomof this dish. The invention al so concerns the
devi ces having the follow n 10 characteristics;_- ice for observing a

sanpl e i ncl uding aﬁh%malf%'ﬁﬁgﬁfﬁ efisegpyy the g0l @ tPni‘ér?d@d‘%rW‘Fféétéﬁ Vi ng
sai d sanpl e apskption oFtRS KR eRPIGET h SRLSHT the thisindsee fdith® Reer 2iviltich aganpl e
including an optical mcroscopg, an accessory intended for receiving said
sanpl e and t modiffedsredonionatly, ser 8ot Heing mavdiiedi ce for observing a sanpl e
i ncluding an optical mcroscopé, a support intended for receiving said
sanple, a polariser and a quarter-wave blade; - a device for observing a

3310 cample, o poReREion, oG CIGRTE: aNcAREess0 Yo ianaed. [ Guries oy - |

observing a pmﬁaiabiwﬁqm@eémﬂ@fmmgdcaﬂ a Fetri dishoged iof a Suppoetdintendeddor

ermboai mont o, "SRR VARCPB s T SHEpark BB 3 bRt B O T ui 1

reference.to the appended drawi ngs wherein: - Figure 1 is a schematic

representation ofy Fn{‘ iR h&'r’ea Barb%ﬁbéﬁxbo'?h ”ﬁevn‘b@@' ‘ﬁgbn'nantﬁ’é ?olB r wave

at the planar interface between two sem-infini Fi gure
2 is a sthensharectegpliesent ati on of a support, accordl ng to the 30

invention. r To des@elvRe foprabsehdhy at §empleViaBldMYy ahhﬁ)tﬁ:ﬁpﬁ%rbsédﬁt dt

concerns is ed, thereafter, .in it ext whil S.I n

si nul taneous?lﬁpﬁq{gmg‘?@ﬂeﬂlfﬂ greMN G aid ﬁ@"‘é’f’-’eﬂ% 0 FWSP@QB '%bhe associ at ed

devi ces with respeztevicevibr obsetvirgya shoigle inpduding wat eptical microscope, an
accessory intended for receiving said sample and two crossed polarisers;

15 - a device for observing a sample including an optical microscope, a
support intended for receiving said sampie, a polariser and a quarter-wave
blade; '

- a device for observing 2 sample including an optical microscope, an
accessory intended for receiving said sample, a polariser and a quarter-wave

20 blade;

- a device for observing a sample whereof the opticai microscope is
fitted with a differential interferential contrast device.

In different possible embodiments, the invention will be described more
25  in detail with reference.to the appended drawings wherein:

- Figure 115 a schematic representation of the oblique transmission and
reflection of a planar wave at the planar interface between two semi-infinite
media Gand 1 ;

- Figure 2 is a schematic representation of a support, according to the

30 invention.

To describe completely the invention, the support that it concemns is
presented, thereafter, in its context while using simultaneously the definitions




1. Conventions, 5 The sign conventions adopted are those represented to L
Figure 1 and described also in the book of Azzam and Bashara entitled "
el lipsonmetry and polarised light", North-Holland, p 271. This figure
represents the oblique transmission and reflection of a planar wave at the i:
pl anar interface between two semi-infiniBe nedia 0 and 1. 00 and 01 are 10 =
respectively the angles of incidence and of refraction. p and s are '
respectively the polarisations parallel and perpendicular to the plane of ’
i nci dence. Thé the ederoenigeingpleddans thed associaied L;ia'vu'casewttbrrgsm@rtg whisBe axes l

Is parallel h& ' of propagation and oriented in the direction ;
of the propaé’%tﬁ%}ﬁ?m%g %ﬁpé%gfi nitions: By "support” is neant the =
association of a solid substrate | of conplex index of refraction n2 and of

a coating inglgshvehtiind-east one layer 2 of thickness e, and of conplex !5‘-}:
refraction i ndex . This support i | aced,in a _surroundi medj um, 3 of
B I L Rk Larass
support an S paalthe rdil ans an n ahdo e
i nvention. B I(':'.obg rvati.o h §| rTEanE di rect ocul ar observatiojr?et hrough a
i nst r ument 8¥al”ﬁ§ ﬁ%ﬁi 'g?'?i'(ﬂ? 8Rddh Tﬂage or of a signal by detection neans
i ncl udi ng a Thiscliguie ngprésentsahe wbliquestramsmissicagnor refledtidrad! apiaanawase a CCU
phot omul 11 pl FoN]E BRHEL s SEpisiibBRei i AR 308 iy
pl aced i#0a [repestiveinthe anglesiohinpdestcetans ;gfar@ba_e%i/cprs i andredre reepestivalyt | y
{?‘;' I(i(r:telsﬂgl SW?fbiiaCriisﬁtiélﬁs‘é 'rp'éﬁ.gleghnﬁsjhﬁe{p_%rhéitzbl??ﬁo'@e! glgﬁe!or{rigéidieﬂwcé.&ﬁet ﬁg on
mage of a sUPAGrBBRAT & et I it drtied ARG Btk MRald e e ce
oper ating i ndirgéficecéf rBpagstior aed orkred Pomei difection of te grepagationol ari si ng
el ements and/or nodifying the polarisation of the light and coll ected by 3

nmeans of detection and of 9 observation is defined by the ratio R = 1 where
f = 1(x,1y) HePebhnitias:the D intensity collected at one point (x, y) of the

I mage and wher 8, tQ,550/0{X mekht the association of a solid substrate 1 of complex
index of refraction no and of a coating including at least one layer 2 of
thickness e, and of complex refraction index ny. This support is placed in a
surrounding medium 3 of index np.

20 = By "sample” is meant the association of the object-carnrying support and of
the object it carries, said support being the object of the invention.
« By "observation” is meant a direct ocular observation through a instrument
or the acquisition of an image or of a signal by detection means including a
recording device such as an analog or digital apparatus, a CCD camera or
25 a measuring device such as a detector (photovoltaic cell, photomuitiplier) or
a matrix of detectors (array of photodiodes, CCD, ....) placed in a plane
where the image of the sample is formed.

» A perfectly reflecting support is defined by the relations
’,Pi = rs] =1 (E1)

30 on its Fresnel coefficients r, and re.
= "The standardised intensity" of the image of a support or of a sample
obtained by means of an imaging device operating in reflection and
inciuding possibly one or several polarising elements and/or modifying the
polarisation of the light and collected by means of detection and of



designates the intensity collected at one point (x, y) of the image by the
sane neans of detection and of observation adjusted simlarly failing any 5
pol ari ser and while using a perfectly reflecting support. An "antiglare"
(AR) support is defined as having a mninal coefficient of reflection on
the set of its adjustable paraneters. It 7relates to the conditions of
observation or of neasurenent. An ideal antiglare support is such that its
coefficient of reflection is nil. 10 A "contrast anplifying" support is
defined so thatobsbrratibn ésidefihed biytthe aatic &5 =i-5-widreel wd@, w thsignetestthast nmade
maxi mal or so that a physical magnitude of fihe object is neasured with a

sensitivity ma ' -af i | er Iy al so
relates to the 8%& ?@LQSC?%% ggggéﬁ%’é i(())(hsf’gfJf g%'l %ﬂ%@%%ﬁg%ﬁ%@%t ?ogi’a{)es
noreover to thdesignates the intensityj esdlecte satransd poins (Mhghot K¢ ieags bydhet he
obj ect is not | £ =1} ' ' ; lshiias Ryt hi N
filmof thi CknéggngeﬁﬂsS?%t%&io?ﬁndé"%b%%@}vﬁgiﬁx Bﬁmis*d@gn%l??gﬁytf%m ﬁg¥ of the
surface of the PolRsisEF 8ND while using: & BeriedtBBECtinGr B¥PRP-he | ayer 2 in  cont act

with the obj gclan Zhtigldre" (ARYBUPBEH @ deBREd tasORGiing BhmimiRiaY Roafitientofal
I1lum nation" is converg

nt and w th lal symretr ro the normal to
the surface, d&W H"é’é‘t%ﬂﬁ?tgglt’éadwé{ag’g? pﬂram%ersd s’éﬁ?ﬁf‘]’gﬁ‘? %"F’ﬁ'c’ﬁﬁ
openi ng angl e oPabxervation angf @easilrerent.dem leapantigidviersyppbrt i¢ Bach tHatits nat i on
cone are therefQr I apgl es rangi ng between 0 and 25 " The annul ar
i1 lumnation " éﬁ@g%ﬂk)gg%@?g@&é‘sr I(r‘JIi al symetry around the normal to the
surface, 10. es Wheoalrast amplifying” iseppiat isndefiriey so thah iecobjagl ibabit cariesiilence 9
better than w thj ~Aani ; hCoan | ) . b S fiened in
that a radial ?9%%@?%%8# S XSt mads riAlnaRLeee ot AR adAe droe T
respect to thell¥iobigebps measyred wathl § seppibivibp Magieemexinat ermtheset pkits 30

defined by a shpglseatid Pafarféterd)at RO GEIatePRthe cdnditlohsatidBebR/alionBX@gpt when
specified, the illum natj

n |1 be considered as an ar ,in. the remai nder
of the descri pf’??ﬂ‘f’.‘m‘ﬁﬂ%tvj? ,"gYI?Wé g’t?b‘?ﬂﬁ’ﬁf@oé@c’?‘?atld?d"?ggﬁe 4ect SRFEFVEShnul ar
i [l um natson wwieratheangtiuee of thencljegris @od epedifiedyItse® objiice ndkeple definedibg W t h
convergent axi al g4 |l um i ) v f cENEl 0. 10 When
the 11 Puni nat | SR 40 b gB FafiPasCl AbERRAA) Bnd ot MK IERRRIG 1o 1
angl e defined Bettdidheisudhee of e atppegt, tikeof thHeumatesial Fminmhthe layend in

“contact with the object.

20 Nl NMumination conditions:

“The convergent axial illumination” is convergent and with radial
symmetry around the normal to the surface, defined as "the axis" below in the
description, with an opening angle .. The angles of incidence partaking of
the illumination cone are therefore all the angles ranging between 0 and §,,q,.

25 « The annular illumination » also possesses a radial symmetry around
the normal to the surface, i.e. the axis, but it is defined by a single angle of
incidence @& better than within 5 degrees. The "anisotropic” ilumination is
defined in that a radial symmetry of the azimuths ¢ is broken, but the
symmetry with respect to the axis kept, and finaily "the oblique illumination” is

30 defined by a single angle of incidence fand a single azimuth ¢.

Except when specified, the illumination will be considered as annular in
the remainder of the description. However, the supports described for use
under annular illumination with an angle of incidence 6, are also intended for
use with convergent axial illumination with an average angle of incidence ©; .
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solid angles of the sanme value. The support is therefore intended for use
under convergent illum nation wth angul ar opening oe0 and centred on 00, 5
where 60 is the average angle of incidence ranging 0 and A64 defined by the
relation evs@ =cost A~ (Figure 2). By default, the collection of the

|l ight by the neans of detection and of I¥bservation is supposedly with
radial symmetry around the nornmal to the surface, with the sanme uni que

angl e of collection or the sane opening angle 10 as the illumnation, in
the remai nder of YhendBsciiuptinglipn Eheonyeraanthaxipbnby savgrage aange’ Aedher ent ,

whi ch means #aht the bagle RFREY BlAIHAKHIM s8haralifig 'thé WHINIARERN cORY i fhd/

interfere vmtr]_ltself. Under these conditions,. the contributi ?s to the

formation of $9ideanaiggeofhilier spaeavRle® ¥ he SHRgR: 'ﬁd@eé?fef?g"ﬁe’i’o‘i%fﬁ] S n

ing en?‘i Ey Onuﬁd@tétﬁfve@éerheiﬂttmﬁingiti?ﬁ-wiﬂ? ah?ﬁlaﬁ%fplehﬁ'qgoﬁ?@wheégrmfed aﬁiea,elnce B

and o azinmuths. rp contributing.ta e illumnati e esne

coor 1 o ent kb 815 R e 0} ibSretee rnaifo B8y gdfiSed bERE

ani sotropi ¢ r t e € reover functions of cp. But the support is
P B e, HNERe) 228 TRRERS p on

supposedl y iso pic elre f the description excepted when
specified. 20 Similarly, the illTumnation is supposedly nonochromatic or
quasi - nonocBy ctefault, theneollegion bédhe bighhdgoye g rredianm of detecliemagnd of |

I T oy et A A
li ght or pol SfeEmiithcthe; sameupiauecsnole ipé celiRaionah the same PPemRS agi%on bei ng
then cenfyr edadheAlliudinatin! M- thEeaRalindenss Be dleaptigat i on 1V.1)  Non-pol ari sed
o e S polt Saslol, et S e it gt by g (=2
coefficient pdridkirey safpgher tillursindedm nedy bynty hinterfdrandithditssfl Undeertsedsy in
no PO e, o cEFREDISE b iEh M2 BB U s - 2
pol ari sers. TAgaitude along a beam and in intensity on the set of beams, i.e. on the set
15 of angles of incidence & and of the azimuths ¢ contributing to the illumination.
The Fresnel coefficients r, and r; are complex functions of 4 In the case of
anisotropic supports, these are moreover functions of . But the support is
supposedly isotropic in the remainder of the description excepted when
specified.
20 Similarly, the illumination is supposedly monochromatic or quasi-
maonochromatic, the light beam being centred on a wavelength L. However,
the supports described for use under quasi-monochromatic ifiumination at the
wavelength 1 are also intended for use with a white light or polychromatic
illumination, the spectrum of the illumination being then centred on A.

25
V. Conditions of polarisation
IV.1) Non-polarised light:
The standardised intensity Rup is written:
. I 2
30 Ruyp = EQ?’FI +[r, 2) (E2)

It is equal to 1 for a perfectly reflecting support.
The reflection coefficient of the support is defined by this standardised
intensity in non-polarised light. It depends on the illumination conditions.
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preferred enbodi nent and for the remainder of the description, said
polarisers wll be considered as |inear. Wen said sanple is illum nated by
a light beam 5 the beamtraverses on its optical path the first polariser
which defines its polarisation, then after interaction with the sanple, the
| i ght beamtraverses the second pol ari SF The first polariser is called
"Illum nati on polariser”. The second polariser is the analysis polariser

or "anal yser The first and the second polarisers formtogether an angle O
nmodul o n. dintensity R() is witten: 4 RO = cos2q
(Irn~ 2 +4jr ‘X%’s%ﬂg@a% ht: +rsf2 (E3) or, simlarly: 4 2 4 R(c) =2 (Irr
2 + rj42) COs2 #rl hersamgler is piaced F?NIMS@FEE] first rand( &pecoBd | pRidnigerpaint 8 cul ar

(c?fgy\gheier ! Zéfern%fdré}ﬂgotﬁﬁféﬁf'gn&’%rathla$§rﬁw§ar@1§fo%@adés%ll1§néﬁlé sl)aﬁﬁﬁﬁanéerg%( 0) =
simlarly: Wi'zb bg qqu)deﬁecta§ jinpar When §q'§)samme s ilumpinated by:z lig tlﬁ"’@ﬁ’ + ~rn

rSs2 (E6) sl n thélebm ttrmkﬁs BASIE Wﬁﬁéeﬂ paie therfirkt aar@@pwmbmdbﬁmwi&ssl are
simlarly;

di cul
DR oy 95 nPolisauas. Betr shenindempioryiin The f@rrtdé%ﬁ‘*r-‘n qHf beaht RGeS case
where both pdtharsesemds pblariget. obes Rest patarsegisecalled, illumiBStiore pdiarisdr” R{H m
H +{r,12) = t i u at e
groung i ts) av rag (FE)\?%HS% gﬁég ﬁ%’%’%@ﬁ”%'ﬁ%ﬂq ?Sr gaeﬂarv%ps T Irj:??g/t Qﬁd r@g
rel ati ve rot &econd ph!atnhersafnahyts@’the!aardamglewmodwlbunm nation pol ari ser.
10 The standard:sed intensity R(¢) is writen:

4R = cosp (r,| +|r.[')- coizﬁ* o +n| (E3)

or, similarly:
4R(g) = %(W snff) 2y [ = Ry 3% pperf (E4)

15
in the particular case where le first and second polarisers are parallel, it
reads:
,r +rl =2Rne - l'r +7r, ? (ES)
of, similarly:
: 2 2 2
20 4 R(0) = %(h[ )+ 1, -] =Rup+ L, -nf ()
in the particular case where the first and second polarisers are
perpendicular, i.e. crossed, it reads:
2
4R(%)= H—p +r] (€7
25
“of, similarly:
4R(z‘:)=l('rlz+}r12)—l‘r ~r2=R~P-l'r wrlz (E8)
2 2 P 5 A0r 3 grr 5
In the particular case where both polarisers form together an angle%, it
30 reads:

(E9)

2
ar(Z)= 1,

B B P,
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5 1f one considers R+ = 4 jr, +r, 12 and R- _ r,12, Then: 4R(c) = _
2RNpcos2q - R*cos20 = RNp + R co0s20 = R + 2ffcos2q (E3-E4 bis) 4R(O =
2RNP -- Rb = RNP + R* (E5-E6 bis) 10 4 R(2) = R =RNP - if (E7-E8 bis) The
support of the invention‘is intended for,use between a first and a second
crossed polarisers - The |ight beami ncilc?ent on the support is therefore 15
polarised. - V. Antiglare supports and coatings V,1) Non-polarised |ight 20
It is known that in non-polarised Iight, an antiglare support (AR) placed

in a surroundi ng medi um of index no exhibits a coefficient RNP which is

m ni mum The i dbat, #e stinalaediseg poiehsitywintayh be emioliuiaseRidfound itvagvarady be
obt ai ned for Si apgl e of incidence = and y O be realised on
a substrat ev%uﬁf RP%S& han &iﬂ?ﬂ“él%{%q%{}‘fp 'rf@‘%e'fegatWQ qog\%ﬁeéyc%ﬁﬁr@}yser
refraction index, 25 of the substrate 1, only by applying a single |ayer 2 of
optical thi cﬂﬂgé’y%@”@f“a@ﬁf’iPvc‘éqf'slerﬁ-dex n, so that: ni = nun, (E10) no being

the optical ingex kK 'r];g:*igeln . g Ihe optical thickness 4 means

that the physi gal eﬁ%nc ngéss e, b Pﬁ*f F%Eﬁ 24T’i(§sqﬂi nked with the wavel ength
2 of the IightTP%@menabling the illumnation and | 13 with the direction Bl
of said beam wi Tespect to the normal to the surface after refraction in
the |ayer 2, ofR{#BfT ABwreasddgReces2dhBivelen€eqsddy= fhe 28 rasdwhE3F4ditos, =
*+k 2 (E11) 5 with k integer and cos81 = 1- { n0O z 11 sin" Bo . In the case

considered, this relation is therefare rgduced to: n.e =4 +k 2 (E11 bis)
Let us renind that the refrabRéd 2AGve—dL T Bvk Friked 5FE0 Bk i nci dent angl e

BQ on 1fpthe support by the Snell relation: n,sin0l= nosin00 where no is

the optical index of the inci dentxmadi um _Sim I»arI%I we have n2sinQ2 =
nosin9Q Let us remind that <& REZ)=R eddes; R = (ETE&PIS)t he nedi a.

The support of the invention is intended for use between a first and a second
crossed polarisers. The light beam incident on the support is therefore
15 polarised.

- V. Antiglare supports and coatings

V.1) Non-polarised light.

20 It is known that in non-polarised light, an antiglare support (AR) placed
in a surrounding medium of index ng exhibits a coefficient Rye which is
minimum. The ideal antiglare support, which verifies Rye = 0 may only be
obtained for a single angle of incidence & = 0 and may only be realised on a
substrate 1 of index n. different of ny where n, is the complex refraction index

25  of the substrate 1, only by applying a single layer 2 of optical thickness -44" and

of optical index n; so that:
My = fhghy (E10)

np being the optical index of the incident medium.

30 The optical thickness %— means that the physical thickness e, of the layer 2

is linked with the wavelength 2 of the light beam enabling the illumination and




In practice,

15 little sensitive to the wavelength A or to the angle of
| i ght beam These supports are obtained by multilayer stacks
-reflection treatnents. In enbodi nent, these treatnents are

t he inci dent

called anti
used for el
el imnating

it is often preferable to use supports AR which are ideal
i nci dence 80 of

imnating the reflections on“spectacle glasses or for

the spurious |ight generated by the reflections on the dioptres

cuppor & R Pl BB % & 5B R waT e © e ERAR IR St

exanpl e, forafferephactiog intthatsmer s bprefraatadoangia of insidedce nbe thesneéationi al

filters. V.2) Polarised |ight supgorts G?ndic%%i ng&e" R-Pol" 25 The
] 11

i nvention concerns supports siml
for use in polarised |light.

conposition
Pol ". These

or 30 as conponents in numerou

rel ations:
(12) 10 As

bet ween two

t he polaris?rs a

m cr oscope:
m cr oscope,

1S4 Aegaits gl a

°f%@§§@gf"ﬂoﬁiﬁﬁgsﬁgﬁ% pol ariser. 15 V Pol ari si ng
DR & g 1 red i i o ent

as
ed as
$tilepsetsitvende dhenwatedength A or to the angle of incidence 6, of the

incident light beam. These supports are obtained by multilayer stacks called
anti-reflection treatments. In an embodiment, these treatments are used for
ehminating the reflections on spectacie giasses or for eliminating the spurious
light generated by the reflections on the dioptres of the optical systems.

There exist however other cases where the supports AR, maore
selective and more efficient, are sought after, for example, for preparing
transmission narrow pass-band interferential filters.

'V.2) Polarised light supports and coatings "AR-Pol”

be as snal |

it is defin

refl ectilhg
20
25
30

The invention concerns supports similar to the antiglare supports, but
intended for use in polarised light. They differ from antiglare supports by their
composition and by their optical properties. We shall designate it as "AR-Pol”.

These new supports form a set which even wider and more diversified
than the conventional antiglare supports, and may intervene as accessories or
as components in numerous methods or devices. This set is the first object of
the present invention. it is subdivided in families corresponding to groups by
nature or by function whereof we shall give here a few examples. Each family

upports, but intended
They differ fromantiglare supports by their
and by their optical properties. W shall designate it as "AR

: new supports forma ;sey,waith even wi der and nore diversified
t han t he Scorwihkirdeger and ¢efdre kg&%ﬂﬁmz&ﬂad may intervene as accessories

hdds or devices. This set is the first

obj ect of the presend chsw etndifeted! thid eiftioRds Welefbre fedii@dltbes correspondi ng
to groups by nature or by function e_&ng we shall give here a few
exanpl es. Each family 14 is desigmate '

t he successive brackets represent th ad%li tional precisions enabling to
define it. Fromequations E2 to E9 can be derived the follow ng order

LEE R gl et i toffEbied GG b, o ik vl 18 BLRER R gieTdh op
of the 1Pnadee suppor by tes Snell relatiem n:siofr o peindawpee iois dhaapical indexer
(R haRY nRdingy =rr%§ig;HL.VL9etQEé etk on of

AR-( JEPbBDIS} )-( )... ", where

188 M&5idi on coefficient Ce of a pol ari si ng ;
is one of its inportant technical characteristics. It nust also
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20 one hand between a first and a second crossed pol arisers and on the ot her
hand, between a first and a second parallel polarisers, i.e.: Ce = ('!'2 1la
(0) (E14) 25 The exam nation of the equations E5 and E7 shows that the
definition of the perfectly reflecting support given by the equations El is
not sufficient since the intensity colljected 1(0) depends on the relative
phases of both Fresnel coefficients rp and r$ through their sum As the
purpose of the extinction coefficient is to characterise the m croscope

properly Spe%'d&agdaﬁed Sas30AReFE)35@IY) 0._i It rQkdtee tHEDsticBs &hleS IRAcKems t he

definition of the e considering either the
virtual condf¢R% 8ﬁe$tpd’m %‘:@‘%”f prgplsmtnﬁ@%ggﬁ'gqp% %?fm = -rs =1. The first
condi ti on not bei Rgpmlegabtiedd ¥2 te &Picahibe, deﬂvedshetfttibmélig)omeekélaiimmt ed to

keep only the second. Mreover, one always has rp = E 15 rs for an angle
of incidence of the |ight beam on the support so that 8, = 0, which enables
to associfite the coefficient Ce = pZEt)h:eQQ‘;s;leal |(m1a;roscope We define the

Useful extinction coefficient of the séf formed by the mcroscope and the
sanple as the ratio: 5 CL =r(2} 1(0) (E15) the sanple being at |east

formed of a ?9, Pgort a a reflection-operating polarising mcroscope, the
value of C' 8§ ¢d§‘r" ved directly fromthe equations E6 and E8: RNp - -rP

r' I' _ R\P -R' C'— (Ele) 124FN%TSQ R@Eﬂj’t Rt argopi ch @hso reads: 15

10 As shown by the inequalities 11 and 12, the standardised intensity of the
image of a support or of an isotropic sample is always smaller between two
crossed polarisers than for any other relative orientation of the polarisers and
in the absence of polariser.

15 V.3) Polarising microscope:

As it is known, the extinction coefficient C, of a polarising microscope,
is one of its important technical characteristics. it must also be as small as
possible. In the case of a reflection-operating microscope, it is defined as the
ration of the intensities reflected by a pertfectly reflecting support biaced on the

20 one hand between a first and a second crossed polarisers and on the other
hand, between a first and a second paraliel polarisers, i.e..

J (7:/
Ce= - ‘/?) (E14)
15(0)
25 The examination of the equations E5 and E7 shows that the definition

of the perfectly reflecting support given by the equations E1 is not sufficient
since the intensity coliected /4 depends on the relative phases of both
Fresnel coefficients r, and r; through their sum. As the purpose of the
extinction coefficient is to characterise the microscope properly speaking, it is
30 necessary to introduce more precision in the definition of the perfectly
reflecting support while considering either the virtual condition r, = rs = 1, of
the condition r, = -r; =1. The first condition not being physicaily realistic, it is
therefore eliminated to keep only the second. Moreover, one always has r, = -




since: 20 Cul Ir. +4rsl ~ 41 2RNP -, +r, RNP =J- jrp +vr ~2 + 1 R+ R\p -

R+ (E 16 bis), r p-rr~2 =R{+R" ( El6ter) Maxim sation of the extinction

coefficient:

therefore R(S)

coefficient

as: C' =limC (E17),

The ideal antiglare support corresponds to RNp = 0. According
to the equation E2, this inplies sinultaneously rp =0 and r,, =0, and
25 0 regardl ess of the V&l ue of 0. The usef ul ext| nction
is not defined any |onger. One nmay then, by extension, define it
16 which enables to include the limt case of the
i deal antigl arf@r%pmgle afnincitiencef of thewighy beasc s shesuppert osalithe) #:0° Ohe

equation El6uRi%, eﬁéﬁ?éjﬁneéégoc@fé iﬂécéde@%x&ﬂ%é L) ®the deal nicroedpd. R>2< an

|ncreaS|ngfunct|on rati o -~ rove t eext|nct|on

coef fi ci ent, Wehadefiner dher &/seb!/r éﬁﬂ’@é‘o‘i’t coqaf{crpgt tali e A8t ofaumesh bé’hé’lﬂ d be
m ni m sed. V}nlc;’é@éé;ﬂal gﬁ@t@%ﬁﬁ,@sﬁst}ﬁéw crossed polarisers AR-X- Pol W

shall define the famly of the supports AR- X-Pol as the famly of the

+ r 2 10 Supports for which the ratio is made mnimal, which represents a

for designing said support. 1@? I?rl yl’ﬁEv%js'[]ﬁ” gi ve EheWh ]
am e supports ic

rule RNP

follow ng functional definition: G+

optim se the useful extinction coeffi c{@ht of the set [ m croscope +
support] for an ideal polarising

10

15

20

25

the sampie being at least formed of a support.
For a reflection-operating polarising microscope, the value of C, is

derived directly from the equations £6 and E8:

1 2
Ry ~—r, =1, K. -R
Cu= i = (E16)

[

| 12 R +R'
RNP +Z{TP "rJ‘ e
Which also reads:
L rf '
N s R
c,= —47 = (E16 bis),
! RNP - K"

since:

+ %‘r - =R +R (E161ten)

4 P ¥y P

Maximisation of the extinction coefficient:

The ideal antiglare support corresponds to Ryp = 0. According to the
equation E2, this implies simultaneously 1, = 0 and rs = 0, and therefore R(¢} =
0 regardless of the value of g. The usefu! extinction coefficient is not defined
any longer. One may then, by extension, define it as:

Cy= lim Cu  (E17)

Ryp—0

5

] r

-

;
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m cr oscope.

value is

substrate |
of the imaginary portion of their

llayer 2 of inge%i

15 The ideal supports AR-X-Pol are obtained when this m ninum
nil. They are therefore given by the condition o- 0. W shall

define the coating AR- X-Pol as the layer 2 which enables to transforner
gi ven substrate | in a support AR X-Pol. 20 VIA) Supports AR-X-PolSD 9D
These supports correspond to the case whdre the materials used for the

and the | ayer 2 are non absorbent, which neans that the
index is smaller than 0.01, The expression

of rp  and rwhidhoenablesltp dndfidefhe dimit casreefl i weadeadiglare isugponsndhagl e
| dis@iigkigf thickness el in a surrounding medi um of index

. dis
no i s conventi onarfq y given b

rol(mril2(m
light", North-Holl and,

the pol ari saph Ofhcreitm i Ak bf WiHeh ratic’30
where cos O This equation enables to read:R,ffnl + Cl2 (1 + '

o 7 o SeeieriRbh ohad b okt ndl 5 Wbt whehrRRETEL® o

-n, ¢ osG r I(P1 (E20) n, cos B, +n; cosO.

coef fi ci ent seinimidedz:os B,

10

15

20

25

30

Vi. Antiglare supports between crossed polarisers AR-X-Pol
We shall define the family of the supports AR-X-Pol as the family of the

2
r +r1 . ) . .
supports for which the ratio ’—i——L is made minimal, which represents a rule
NP

for designing said support. Similarly, we shall give the following functional
definition: it is the family of the supports which optimise the useful extinction
coefficient of the set [microscope + support] for an ideal polarising
microscope.

The ideal supports AR-X-Pol are obtained when this minimum value is
nil. They are therefore given by the condition o= 0.

We shall define the coating AR-X-Pol as the layer 2 which enables to
transformer a given subsirate 1 in a support AR-X-Pol.

V1.1) Supports AR-X-Pol-SD-1D
These supports correspond to the case where the materials used for
the substrate 1 and the layer 2 are non absorbent, which means that the
modulus of the imaginary portion of their index is smaller than 0.01,
The expression of r, and r; for a solid of optical index n, covered with a
single layer 2 of index ny and of thickness e, in a surrounding mediumn of index

ng is conventionally given by:

(-2j8)
Porgmy F Nigm)€ (E17)
{-2jB}

Im =
1+ rmiagm @

[ Azzam and Bashara, “ellipsometry and polarised fight”, North-Holland, 1987,
with: either m = s, or m = p, according to the polarisation considered and with:

B = 27mlelcos A (E18)

i y r. = gzi,_G, ) rot{nt. +_r12(é12re. gElZ) I
HAjcsording tndhe eAHALPBES Adiis, thedisafyetpetion shaffiswmns Cuded
1987), with: eithFrthqE s, or m= p, according to

1 1A Jg@brovedsh€, extinklon 17
"r0l)e +

L et e ——tras



10 and n1 Cos O, -nJ cos 9 ra(SJ =n; cos 9, + nl Cos O (E21) VIA-1) Ideal

supports AR-
Contrary to

i nci dence.

X-Pol - SD- 1D These supports are obtai ned when ¢c= 0 (E19 bis) 15
the condition [RNP = 0] which defines the ideal conventional

The case wherein this condltlon is also verified for a non-zero

angle of incidence, will be exam ned bel ow. The materials considered being
dielectric or quasi-dielectric, ri,(p) and 20 r1(.s) are real, and

therefore a

I

|

i
antiglare supports, the condition a= 0 i & al ways verified in normal i

i

and ,qj are real. The situation sought after corresponds

th k integer, i.e. either: (E24)

therefore to the case where e 1kgg{/}rea,l which inplies, either: 2,67 =

(2k + 1) 7r (E22) -o¥hergzos 1=

=1 f kA2

30 I 18 or: nl el * (E25) 5 The condition E24 is

identical to the Tgseylaeeh Eddbigbitshedds one of the relations defining the

conventi onal

antiglare supports. One has therefore e 2. A _ 1. Looking for

solutions of the equation (E19 bis) is reduced to sol VI rsg the equations: 10 1

15 and: §010 +2r12)-6120_ +7401) —@m(+l-:€21§()1+7r0 )e PR v o me

10

15

(E19) 3

(=2J8)
I+ 74y + 11 :2(,;}3 )(I+r01(c}rl2(s) 7

where g and n; represent respectively the sum and the product of the Fresnel

coefficients:

n.cosl —n cos@.
My = ~+——————+~  (E20)
n,cosé, +n,c0s8,

and
n,cosd, —n; cosd,

Tis) = E21
o n; cost, +n, cosb, (F21)

VI1.1-1) ideal supports AR- X-Pol- SD-1D

These supports are obtained when o= 0 (E19 bis)

Contrary to the condition [Ryr = 0] which defines the ideal conventional
antiglare supports, the condition g = 0 is always venfied in nermal incidence.

- The case wherein this condition is also verified for a non-zero angle of

20

25

30

incidence, will be examined below.
The materials considered being dielectric or quasi-dielectric, ry, and
iy are real, and therefore oy and = are real. The situation sought after

corresponds therefore to the case where 9'23’3 1 is real, which implies, either:

28, = @2k+ 1)z (E22)
or:
28 =2kr  (E23)

with & integer, i.e. either:
nyescosds = i+ ki (E24)



6010 + 712) + ai2(1 + nor) =0 (E27) It should be noted ck = cos20k and

S, = s inzBk for all the nedia. Let us rem nd the Snell relation: nksinOk =
n osin0o It is easy to establish: n,n 1 20 and: 2n,nl(c; -c2) 2 2
+c')+c,cl(n ; +n,) (E28) _ 2n,.n1(c? +1@f) + ~! n;n, (c', +cl)+ C cl(ii,
+nl) (E29) hence: C, _ ( crz- cl) 1+2r, (c? +c;) 25 The equation E26 is

t hus reduced to: (E30) <coc2 = cj (E31) which reads then: 30 2 rte n2 - n?
(n + n?) _ (é‘{at; rah - r + ) sin2Bl (E32) 19 This equation may be sol ved
without any difficulty with respect to each of its paraneters. It is never
satisfied with a conventional antiglare support. In the case where the angle
of incidence is very small, this copdjti JiSA S cedto: 2 _ 1+1 2R
2 P11 na Y2 (E33) The coupl e of ggd éléél)%nsﬁEZS(%%@uEﬂ has no sol ution for
no # n2. Both formulas E24 and E32 (or simlarly E35 bis) define the famly
of 10 ideal supports AR-X-Pot-SD-1 D for a random angl e of incidence
defined $ The condition E24 is identical to the condition E11 which is one of the

relations defining the conventional antiglare supports. One has therefore
e'z'iﬁx = +1. Looking for solutions of the equation (E19 bis) is reduced fo

solving the equations:

10 cor(1 + 7z}~ o2V + ) =0 (E26)
and:
gor(1 + m12) + o12{1 + M) = 0 (E27)

It should be noted ¢} = cos’6 and s = sin® g, for all the media.

15
Let us remind the Snell refation;:  msing, = nesinGy
It is easy to establish:
2nn (ci —c?)
oy = 4 (E28)
mn {c; +¢;)+ee (n) +n;)
20
and;
2nn (e} +c?
1+ e G TG (g
nn (ef +c;)+ee (n +n)
hence:
1 _ .2
% . L8 (gag)
Ttz (¢ +c7)
25 The equation £26 is thus reduced to:

coc2= ¢f  (E31)
which reads then:

30 2 g - mp(m + md) = (g nf - mf)sin’6; (E32)



indifferently by its value ao in the surrounding nmedium (3) or by its
refracted value @ in the |layer (2) and al so for a convergent axi al

il lum nation defined by an average refracted angle <01>. Both formulas E24
and E33 define the sub-fam |y of ideal supports AR 15 X-Pol-SD-1 D for an
optical instrunent with an annul ar i | | unitfati on defi ned by a refracted
angl e of incidence 01 or with a convergent axial illumnation with small
opening and defined by an average refracted angle <01>. Properties of the
equati ons E32 and THEsegHatianmayReaeived wihorhany diffiguiypvidsrespechtd each and
sSinBT = n si rg}qts?a@am@;erg_ndependent. It nl i 2 suffices to consider the
reduced vari ables x =t and no descr" bed all the situations. The

y = nto ;
equati on E32 t hen bedsivessatisfiedvitha cogventional antiglare\suppolt. o (EM4) wher eof
the sol utions are |githe@ady where the af@ewfiindigende . very sibllothid ¥ondiflon ¥ } y +
C0 30 (E3%) V\,hichdcfam also read: 20 n2 -: n2 cos 90 (nz n2 szn 2 6a ) n, = 2
+

2 2 (E35Bi s)®HLd W0 cos Ba ii) the solutions iny. y=iii) the solutions
in G : CO - (x -1)2 5 c2x2 2.1 .1 (E33)

2 2 2

”1 1, my

The couple of equations E25 and E27 has no solution for ng # na.
Both formulas E24 and E32 (or similarly E35 bis) define the family of
10  ideal supports AR-X-Pol-SD-1D for a random angle of incidence defined
indifferently by its value &; in the surrounding medium (3) or by iis refracted
value 6;in the layer (2) and also for a convergent axial illumination defined by
an average refracted angle <0,>.
Both formulas E24 and E33 define the sub-family of ideal supports AR-
15 X-Pol-SD-1D for an optical instrument with an annular illumination defined by
a refracted angle of incidence & or with a convergent axial illumination with
small opening and defined by an average refracted angle <6,>.

Properties of the equations E32 and E33 and consequences:

20 The 4 variables ng, n,, Ny and sindy = T singp are not independent. It
nl

P 2
suffices to consider the reduced variables x = [ﬂ] and y = (iJ to
n, ny

" Tdéscribed aii the situations.
The equation E32 then becomes:

25 X¥y+ci)—2xy+ysi =0 (E34)

whereof the solutions are given by

i) the solutions in x:
P
= y+eoy y(y-57) (E35)

y+c,

30
which can also read;

HEN

e




(E36) 10 which shows that the optinmal index n, of the |ayer 2 decreases when .
the angle of incidence increases. For small incidences, the evolution of ni l;
with BO is described by the approximation: xw 2y t A (Y-f)2 0 2 (+Y) 4Y(Y I~
+1) 15 ( 4 +n2 (E39) 2nn2 - 2 n2 ~n 2 n2anB(E4O) (n2 " n') n2 +n" [
2 which shows again that the optimal in@éx decreases when the angle of [
i nci dence increases. 20 This dependence is the snmaller as y is close to 1. P

Still, for a perfect mcroscope (Ce =0 t he useful extinction coefficient
is always nil in normal incidepte 2 Q)n? -Ai sBte, M sed support AR- X- POL
for a non-zero angle, for e&¥a > ] —20 dEgbbkies, is optinal

for working with a correspondi ng anntil &fe €358 | | umi nati on. But nor eover,
since it enahl . in C' =0 simultaneously for a zero incidence and
for a non-zglr éﬁgﬁéﬁ:ggﬁ%@ it enables to _keep an excellent wuseful extinction
coefficient on the set of the opening c¢ehe of a c%ﬁ@r gent axi al

illumnation, fromO to 30 degreesyTgr_t,psf)ance. constitutes a - 2n?

(E37) y(x - 1)2 n2 (n2 -n0 )2 ca Y-x2 n2(n2n2 -n2 ) iv) the variation of x
wi th the angligthefsolutiingdneg: BQ : dx 2Y(x -1)(Y - Xx) 2nb n2 (nl - n0)(n -
N0 ) dé6 o = - sing 80 (Y - x2 )2 = - Sin2980:2(noy:n2 - nt )2 (E38) 21

consi der &bl e advant age of the@MﬁR—é@E@m t hegEggmvent i onal

2 2 2.2 4
y-x ny(ngny —n;')

iv) the variation of x with the angle of incidence 8,:

220,22 2_ 2 -
dx = _ Sinz 90 2y(x 1)(V - x) - Sin299 2”0”2 (nl nO )(ng HO ) (E38) '

a6, (y-x*) (mym; —n) i

10 which shows that the optimal index n, of the layer 2 decreases when the angle

of incidence increases.
For small incidences, the evolution of ny with &, is described by the

approximation:
-N? 2
N PO ) P ST
d+p | 4+ (g +n3)

15

2,2 223} g2
nzz-———-——2n°nl) -ng(-——-—”ﬂ "“) %‘l (E40)

! 2, .2 2 2
(n; +n; Ry +hy

which shows again that the optimal index decreases when the angle of
incidence increases.
20 This dependence is the smaller as y is close to 1,
Still, for a perfect microscope (C. = 0), the useful extinction coefficient
is always nil in normal incidence (C, = 0).
An optimised support AR-X-POL for a non-zero angle, for example of
. the order of 20 degrees, is optimal for working with a corresponding annular
25 illumination. But moreover, since it enables to obtain C, = 0 simulianeously for
a zero incidence and for a non-zero incidence, it enables to keep an excellent
useful extinction coefficient on the set of the opening cone of a convergent
axial illumination, from 0 to 30 degrees for instance. This constitutes a



antiglare coatings for all the applications of the antiglare supports
conpatible wth the use of a polarised light. This flexibility on the angle
of incidence translates by an analogue 5 flexibility on the wavel ength of

the small incidence illumnation. Indeed52 by logarithmc differentiation of
t he equation E24 for instance, we obtain” -tanAo , = AA which shows that a
variation in wavel ength as high as 30%with an annular 10 illumnation is

Fixed wavel eSURITHTE GVHERENol Aiaated BaG: ACRVert PhelreuigPictidrhle | -
spect rum ar owndighre coatibgpior alf theoapglicatioren ot teyantiglaressupesitsatsirepatibleexpl oi t
the col ouri NG {?%ﬁ}s%héfog ?gﬁrs’%&siq@n pur poses, the use of an annul ar

I'gh angl'e o

illumnation w . ng| i nci dence enables to bring high
sensitivity to thdhigvlekity n the angisp of ticiderce dzanisiades AR- an Fanalogue
thereforeg p i { @r@@‘? ¥ i o Aot i X n7
of the Ia;s/er%%&!bgw g{ne_)rl{hr%g%gt%e et %Zﬁét%&fﬁgr%h g’#’ﬁ-{iiéémédﬁgﬁddt 1
whereon it i dog¥HhEdc difgramiatiph @éihenenwitionHel4 o intiante yvardlfgiih 20 The
equations E32 and E33 are symmetrical in no and n2. This shows that said

| ayer 2 possesses the sane properties as the light, reflecting fromthe
smal |l index nediumto the high i ndex ream o, Frem the high index medi um
to the mall index medium Thus, one may extingui sh the reflection of a

pol ari sed |i giHictwizaBwitaat dSvarizioh iatwave)drigth 2@ i9GR Rf 30% With izeabndillr e, or
a bl ade ?{]n t L}@g‘g.ot .om.of a .Pelt r di sh when _ogs:?@v(%%from beneath on a
reversed M c 'gpeen \}FAeng)’aﬁBi)ri%x?Mp(?”ﬂ?pﬁ rt's MREEDT O SDEOVEen t he
t hree i ndi cedliumi@ation withda riedawavdlemngth eThisr vartationriai wavblerdth cad@rarthel mum of
ol with respee . ] I ndition E32 is not verified, but
this mnimum exﬁ%?'{s%‘bﬁ%%%tﬂ%bggéu.%%& 'cdc]is?'g@ponds to the best possible
extinction takinglft me Sensontanyt st isndesizabdo dntexphit e coloasing peffssiid fer
extinction bgLween,C p ri.se S . Al Ki t
m i mum of abier N %9@3’??2 I Brah ahilier 1BRARRAE ok AREAROETSE o 1,
fixed, thvs dRKRNce enphienia bigng behisensiivity todbpevavelenatl. Let us assume z =
e ~Q = cost f31lThel Jupgorth hndThRa8XEE CAR-RIPAT e THhetBforBY gaifoulary
advantageous for uses in white light.
The index n; of the layer 2 is intermediate beiween the index n. of the
substrate 1 whereon it is formed and the index ng of the surrounding medium.
20 The equations E32 and E33 are symmetrical in rp and n;.
This shows that said layer 2 possesses the same properties as the light
reflecting from the small index medium to the high index medium or from the
high index medium to the mall index medium.
Thus, one may extinguish the reflection of a polarised light when the
25 substrate 1 is the end of an optical fibre, or a blade or the bottom of a Petri

dish when observed from beneath on a reversed microscope.

Vi.1-2) Approximate supports AR-Pol-X-SD-1D
When the three indices (ns, ny and ny) are imposed or constrained, the
30 minimum of |o] with respect to e is not nil if the condition E32 is not verified,
but this minimum exists nevertheless and corresponds to the best possibie
extinction taking the constraints into account.



5 equation E19 is the ratio of 2 polynomals of degree 2 in z. Since Jz~ =
1, the square of the nodul us of each of these polynonials only contains
constant terns, cos2 f3, terns and cos4,81 ternms- The derivate of their
ratio is therefore proportional to sin2- 7. The solutions of singf3l =0
are therefore solutions of d o the equation = 0. One finds therefore the
solutions given by the d)6 10 equations E24 and E25. Thus, even when the

of the | ayer 2 tol By pagic gREbie" MRLR HotwelCclBKePPbBNSE IS thik clness
pol ari si ng nP ‘a&e@g&éﬁ’eﬁﬁﬂg the @ieﬁmqwﬁﬁv@r ﬁE“i%élryrt 2 nE% Epithdesnest a | ayer
2 " at 4, . - X- -1 W shall
desc?i be he(r){éo %ﬁgglrﬂ]ﬁ%gﬁ? (%IZ ﬁ‘g&ir”ltﬁtisnams 6%%? @gkyﬁ&ﬁﬁf’{g&\ﬁthﬁ%ﬁ%&j‘?@ﬁ}a solsi S
substrate 1 ketes esswielz =a £ithgt eosByer sl Theegsreesiah of asgiveiney ¢he t he

support, the I‘i%er 2, and the incident medium 3 have any _conpl ex opti cal
i ndi ces cbnpPaxen 5424s He rafioselr 4 eRtynaEdRla ! degreg 2 in &y Singe P Tdppits

AR- X- Pol -1 Apong.these, the ideal_ su rts for the angle Bo .are qbtaj ned
then o 0. i g mhars G bact ORISR Pinoraalsn Y Rt FRBrER1 s

| i nked with terime, aosfl/& t8tmbunthmskg} tarmesn TE&]jerate OfithairdaBo ihthenefor ways

l'i nked with I | &1 p 1Rhe.co 5 The
equati on: qﬁgﬁfog@fﬂ@ﬁn?ﬁoﬂﬂg%@Ilﬁ@h%[}%g@,@ 'b%(ﬁ%Qﬁtgt%r%g&gp%%;éf has 2
solutions z1 and zZ,arréjﬁ ed according.to their pnodulus, [z, <lz,j ,

whi ch are exiffe&SHatoH tToh Poet ﬂgd%dﬁ?rﬁf‘t‘fﬁemes sgiuigns c@iven Ryithehd | r12
thenselves in relation t'6'the three indices no, nl, n2 and to the angle 00.
23 The mEdi usguathos B2 aed #0S. iThyshgvert Wbel ahellcofbitiohs IE32 HEESDlage not

acceptable. Its xpression transl ates by, a relation whigch def.ines.,digitall
the Family ofdRieRyERe Shy ARPOsas. Ridess" s e Tl 4 % SRl LR 2 by
t he conditi ouselful extiretion coefftieht 2ndapprmpolatsing nEomsoops, aRF tis Pptimlm When

the three indi,ces are inposed or constr.ai,ngd and one .1 at least is
conpl ex, thevqlr‘i’?licﬂ{fﬁ?%‘?”%tﬁ'&\ﬁr?%aﬁ@@ﬁéctatt% "e‘lrr}Psa 'ﬁéﬂ?réelag%?ny | onger if

15 VL2) Supports AR-X-Pol-1
We shall describe here the rules for building supports AR-X-Pol formed
of a solid substrate 1 covered with a single layer 2 in the general case where
the support, the layer 2, and the incident medium 3 have any complex optical
indices complexes (possibly absorbent media).
20
V1.2-1) ideal supports AR-X-Pol-1
Among these, the ideal supports for the angle 8; are obtained when ¢ =
0, where the quantity o is given by the equation E19, where f; is linked with
the angie &; by the relation E18, &, 6; and 6, being always linked with the
25  Snell relation extended to the complex functions.

The equation: ,
agpr + op{1 + 7(01)2 + 0'01?2'122? =0 (E19 ter)

30 always has 2 solutions z; and z» arranged according to their modulus,
[zlj<]zzl, which are expressed in relation to the coefficients oy, o2, 77 and

712 themselves in relation to the three indices ny, n4, n2 and to the angle &;.



the condition E42 is not verified by the solution of smaller nodulus of the
equation E19ter , but it exists nevertheless since i~ is a quasi-periodic 10
function of L'1. By "quasi-periodic" is nmeant here that nl bei ng conpl ex,
the nodulus of e" is danpened when el ipgreases. The best possible
extinction coefficient taking the constraints into account is obtained by

| ooking for the mnimumof J (or simlarly that of "c 2) wth respect to

el. A 91 andTpi hbed@fh 1t4H I ' id Edib 15 to
t he conpl ex Tﬂanﬁthi ?@ﬁh mt%@@gm%’i@déﬁg%g!&g?@%!@ thersdle dces ne’ses tel IS

1, which ma¥ : s uy The th}gc
then given b XPW?éSE’\éuQFF%ﬁ?eSZPY 1Ehrelatiens gvhich gripes digitally dhe amiy 21 B of the
equat i on E18idez0s¢pda@)s XR-2-PQ)-11 dbisl fadiile i delinieaterbhy thegcanditidrs x| lsdnt
support. A useful particular case is that where only the support is
absorbent, the indices of the other nedia remaining real. Then QL is real,

and J~ issa W.Izi-:!)df\;@[prcf)dimté gup?ﬁr@]ARzﬁpBuq, as crz and 7T12 are conpl ex,
e' 210 is not real he i

optimal thickness which negates c# is therefare
gi ven by: nlolcownzt@oé"@eq("@"‘(e@ﬁ?‘ gsed PhEOR 'W‘%i?nﬁfonﬁh%ﬂgﬁrlnlﬁi ons e,
i s not equal lgast & conples, meangnimongmfrla withirespepiat eois geirEraking dengehé
equations E24 and E25. 30 Thus, in_the case of a substrate 1 absorb, the
coating AR xtheocopditipa k42 ipmot yerfied bt thenselutien iof samalies Jedlys afcheonl y by
i ts index, betuafip BYOtei,Sbut i ekisfsmevdhdiess Isiead |eprisr asgquashperibyicng
supports For visualising the edge of a study object having the formof a
thin filh pfusdanaf ehEysinvastpensdichis geppbhere thatin being swpiplex.adhexpl oi t

on the one haMhun dhevdié Hﬁﬁﬁ)’éﬁ@d %gqn%%ggég_t ensities collected while

observing the filmand on the other t are surface of the substrate |

whi ch are noted | Eh@nbestspoggblesexiinciiony caeffivieghdakipg) the erasiainiy éHgiti es
are proporti anedustids bhinebby eikindionghes trimigamntbs ] (onkienitiriteat of o)
contrast of the edge of the filmis given by the follow ng relation:

with respect to e4. A 8; and n, fixed, this amounts to looking for it with respect

15 to the complex quantity 5;, which may be done digitally.
The thickness e, is then given by the equation:

o= —P__ (E43)
.’Zfr‘n1 0056’1[
which is a generalisation of the equation E18.
20
V1.2- 3) Ideal dielectric coating on ahsorbent support.
A useful particular case is that where only the support is absorbent, the
indices of the other media remaining real. Then gy is real, and ]J’ is a periodic

function of gy.
25 Butas o2 and 72 are complex, e ¥ is not real. The optimal thickness which
negates |o] is therefore given by:

N:€:€088; = e + k% (E44)
where the smaliest of the solutions e, is not equal to % nor to % any ionger.

This eguation generalises the equations £24 and E25.

30  Thus, in the case of a substrate 1 absorb, the coating AR-X-POL differs from
a conventional antiglare coating, not only by its index, but also by its
thickness.



10 Cf=1F!ls (E50) IF ""ISIF and Is being positive, Cf is a strictly

I ncreasing function of the ratio IF . |Is To visualise the filmcorrectly,

| CfJ should be maxim sed and therefore make the ratio | nmaxinmal (Is - 0, to
tend towards a contrast of 1) or 1S 15 mininmal (IF -> 0, to tend towards a

contrast of -1). Therefore, either the rface or the filmshould be
extingui shed. A sensitive visualisation process lies on the one hand on a
good extinction, and on the other hand on a critical extinction, i.e. very

sensitive to the thickness of the last layer 2 of the stack. The antiglare
supports AR- fy?o!deazeoﬂ&bsbhmppljhmhg SUpplorts es an]g are_thelrefore al so
contrast anplifying supparts. e, performances _Visu sation. process
may be quantified 't%?f Y’ﬁ‘éaq'sE‘@n?‘Pa%qg%o@{%F@M M h@ﬁ!é‘gftf'l‘-‘?f?'ﬁ%gif’i}ﬁﬁ‘ @ Comes
extremel y thiplaced obithe sudfase of tHe supborts ithe advisabieitg lebploitonahd orglhandl F - |'s
™ close tp Ah | bierHL! BiweBh SHE Thtengifies %n.gﬁéa 'w’ﬂsf%foﬁ’s%rrbfinﬁflﬁ‘é'&rwn‘ak“ess
e placed on the support; one nmay Wité in e first-ordervin - -L
=1+1-d'  Ae- 1aéhe dgiher hapddig banessurfage of gheseubsirate 1iwhicinsreppetaddsandriad t hat
optical index9f strharfi |1/ Sngdepdi ¢ { i 3rge piPRStionAY i . e.
of the | ast i((gyers 2 Cg{y t@ %tnapk@?gnjh\?/%\grerﬁgfsﬁgssthe de Zéoder?é/atg’g of
the intensityeEIPORAIRG Lgndardisediateqsiligs rate | with respect to the

thi ckness e of thiFhd ayfast of the édife 6ARE MY vé:heysh@ﬁmwr? reldtneonposed
of a soligd support covered with a single dielectric layer 2, e is therefore

the thickness of the 5 single layer 2. The filmappears therefore as a
sinple fluctuation of thickness of td:ug__ bppds Ia)(ggo)z. An optimal contrast
is therefore obtained for both situatlfong_ljén I 2>7+ (extinction of the

support, Cf = +1)

Ir and fs being positive, Cr is a strictly increasing function of the ratio -
Ky

To visualise the film correctly, [C j‘ should be maximised and therefore

make the ratio L’— maximal (ls — 0, to tend towards a contrast of 1) or
g

15 minimal (/= — 0, to tend towards a contrast of -1). Therefore, either the
surface or the film should be extinguished.

A sensitive visualisation process lies on the one hand on a good
extinction, and on the other hand on a critical extinction, i.e. very sensitive to
the thickness of the last layer 2 of the stack. The antiglare supports AR-X-Pol

20  exhibit these gualities and are therefore also contrast amplifying supports.

The performances of a visualisation process may be quaniified by the
contrast obtained when the film observed becomes extremely thin. In this
case, /r and /s become neighbours and df = Ik - [s is close to a differential
element.

25 For a film of very small thickness Ag placed on the support, one may
write in the first order in Ae: '

=1+ LI pectepe Linr @5
Is I de de

30 where it has been assumed that optical index of the film is identical to that of

dl .
the upper layer 2, i.e. of the last layer 2 of the stack, and where E{ is the
€



i) deii) dIn 1= -1 (extinction of the film C = -1) de 10 The opti nal
contrast may only be reached with a total extinction. The sensitivity of
the visualisation is, in Angstrons"' Cf =1 dinl (E52) Ae 2 de It has a
meani ng only when the contrast is small end Ln- e is very small de
before 1) and enables to conpare detecti©on thresholds. 15 V11.1) In
non-pol arised light In the equation E51, IF =R V? (F) =1+ Ae d In RNp.

| S Rh S) de .Si he. t ot al ti [ i I j bl.e with f ect
anti gl ar & SupBOFEe SrecpiRsy e L Lrt sybe s ubrlRE") gyt srrbis e °°

i nci dence, tlhrackxmfs‘sce ohiéeleyef2. 20 this support for convergent |ight

: ieati ' |

rossed pol ar ser ol e, SRt M ROBERAIETH s GO bbE, o' & Bl SERURZT,
Ae de In j 7jcoveredswith a?gtr(gi.a dme@pculmr 2oatisdbergferet ther Hridinessefalheed for
both situgti Qpye ﬁ;@e&‘? Tﬂe'ﬂhla;?pe(a‘?é(gﬂé?ﬁfdr?'élscn% s:?@e?lﬂ@ﬂa%’hbn oFithickess  de 26

ii) delInlrs = exti1nction of the Each of these
situations c@fF"t%%?ﬁFH aYQf?a 0 Le. at an ideal support AR-X- 5 Pol. In the

first equation, tpaa QRkHdIRbNIrAStGK AREEIRe bBtdimad fohbotthSiteRhsNg on its own.
In the second egquation, it is the sumof the thicknesses of the coating and

of the obj ect) ~:I'I1ne( sensi (eximdtipnadf théeupparyydld=sat) on is given by, in
[ Angstrons-'): 440

i) g—ln /= -1 (extinction of the film, Cr=-1)
|4

10 The optimal contrast may only be reached with a total extinction.
The sensitivity of the visualisation is, in Angstréms™
Cy_1dnJ

ES52
Ae 2 ge ( )

Ae is very small

: . d
It has a meaning only when the contrast is small (when In’

before 1) and enables to compare detection thresholds.
15
Vii.1) In non-polarised light

in the equation £51, Te o Bpl) | 1+ Ae -fi-ln Rye.
Is Ry (S) de

Since the total extinction is only possible with a perfect antiglare support

and since this support only exists for a normal incidence, the performances of

20 this support for convergent light visualisation, i.e. for imaging purposes, are
fimited.

ViL.2) Between crossed polariser and analyser
The equation E51 becomes:
25

Ry (#) = _d__ 2
X 1+Ae — njo]?  (E52)

An optimal contrast is therefore obtained for both situations:

30 ) —d—ln |o‘}2 — +% (extinction of the support, Cr= +1)
de



15 C& = dinlrp+rs( /e de There results fromthe previous considerations
that 1) the best contrast anplifying supports are the ideal antiglare
supports. 2) the supports AR X-Pol are the single supports capabl e of
providing total extinction in annular i4}um nation and a quasi - perfect
extinction wwth little convergent illunination. The use of these supports
bet ween crossed polarisers enables to obtain noticeably better contrasts
than all other supports 20 in all the imagi ng nodes wi thout any incoherent
l'i ght narkrng I11. Non ideal contrast anplifying supports in polarised

light: VIII. }ﬂéenqc ©8ineion el REIfBAr £; 251When the support is not ideal
any | onger, thdeeq tion 19 bis is not satisfactory any longer. It is in

particular the case when the index of the layer 2 is inposed and it has no
solution any | onger because the relation E26 is not verified any |onger.
Then, the toEarha&ftthaze isBuatiapmenrrasposiisite wmy0 |.engkan dierl SURBCE AR i on

G=+1 my pgl |RanheaReNEsu&dh 'tt%‘GEﬁméF ﬂﬁcl&%@g'é Isot'Prat Qfﬂhec&a tiHy sRpsstil]

be possible for a very particular contfrast is not
optini sed an§Whoiy&ie weeaNd waualion. n‘hrﬁ E‘S’F wre g éheébrc&eresseﬁeqfsthﬁwq@ng
reached, butaﬁ@rofu-m 55}@e§ses of layer 2 situated on both sides of this

m ni mum Lla.hmnl mco res Llj’%rntﬂ:itothe srq !?A‘ rsr of the contrast.

In this case, ?ﬁ’@ SUSIBATRTSIS @NRTLRY. ’?35 8 J2 maxi mum (parti al
extinction of the support Cf maxi rrurr) ||) t1nc2 m ninmum (parti al
extinction of the film Cf mnrrrun)c 4 en :,2=0 (E57) des 5 W shall
limt out&elves to the case of diel ecfrfr hi’afer*rfa's and we are | ooking for
the optimal thickness of the diel ectdd ¢ YF‘;T%lyer 2 for optimsing the contrast
with an anplifying coating at a | ayer 2 The thickness of contrast inversion

el is given JPM rtehr%sﬁﬁé'% Erfréw%%gg?%ﬁ&ra%ﬁ?%qs under the condition that

isreal- In or to exp ore I ckKnesses situated on both sides of
el, we assune A =2 +e.

1) the best contrast amplifying supports are the ideal antiglare supports.
15
2) the supportis AR-X-Pol are the single supports capabie of providing total
extinction in annular illumination and a quasi-perfect extinction with little
convergent #lumination. The use of these supports between crossed
polarisers enables to obtain noticeably better contrasts than all other supports
20 in all the imaging modes without any incoherent light marking.

VHI. Non ideal contrast amplifying supports in polarised light:

Viii.1) Between crossed polarisers .

25 When the support is not ideal any longer, the equation E19 bis is not
satisfactory any longer. It is in particuiar the case when the index of the layer 2
is imposed and it has no solution any longer because the relation E26 is not
verified any longer. Then, the total extinction is not possible any longer and
the condition C;= + 1 may not be reached any longer (the condition C;=-1

30 may still be possible for a very particular object). We show that the contrast is
not optimised any longer when the minimum of the reflected intensity is
reached, but for thicknesses of layer 2 situated on both sides of this minimum,
the minimum corresponding to the sign inversion of the contrast.

in this case, the contrast is optimised when:



As the relation E26 is not conpletely verified any |onger, we assune: C701(1
+a712) 001 The developnent inr of ial2 gives: 15 20 2 2 A +4Be2 01 C +
4Ds 2 (E58) (E59) an expression wherein: .A=A2 (E60) B =0 -zJ'" +A('+ arts)
C=(1- P+)rotrt 23 D=P + Plc arcs27 4rot rig and where : P =7r
at(n)rs2(P) + rpl(,)r12(S) (E61) There follows: 25 d 0 2 = 8Be W (E61)

ini d-- A+ Bs2 C + Dee The solution of the equation E57 is: 28 462 = AC

(E62) BC+ A[q Id %ﬁ?ﬁdrﬂ%pél‘ﬁﬁﬁéﬂﬁ\cﬁ@n bPheChdndh; CAmMSamm])| . and in such
a cases is cldse'to 2 5 The relation of definitioh E18 provides finally

with both t hiiﬁmﬁﬁﬁmf"@%@%ﬁmf@mﬁ@é P%S@f et rast:  ei’ -

4j 1++k2 (E63) " ki ornmul as E63 °generalise the
formula E24 to th%_ mréni:deal contr ast

<=0 (E57)

5 We shall limit curselves to the case of dielectric materials and we are looking
for the optimal thickness of the dielectric fayer 2 for optimising the contrast
with an amplifying coating at a layer 2.

The thickness of contrast inversion eq is given by the equation E24 which
corresponds under the condition that ¢ is real. In order to explore the

10  thicknesses situated on both sides of e4, we assume g, = —Z— +&.

As the relation £26 is not completely verified any longer, we assume:

A = 012(1+”ﬂ!)—aolﬁ+ﬂu) (ESB)

Ty
The development in ¢ of |o gives:
A+4Bg*
15 o = o} | =———=| (E59
°l . (C+4D£2J (E%9)
an expression wherein:
A=p (E60)
B=(l-m,) +Ali+7,) C={-P+myr,) D= P+ Prym, —4n,m,
20
and where :
P = Tai(p)Y2(p) * Tors)12(5) (E61)
There follows:
d 8Be 8Dc
25 —llg? = - E61
de l ' A+Bst  C+Dég* (E6)

The solution of the equation E57 is:



anplifying supports. W shall designate the famly of the contrast
anplifying supports by the 15 designation supports Anpli-Pol when it is
advisable to differentiate it fromthe supports AR-Pol. Between crossed
pol arisers, they becone the supports Anpgi-X-Pol, etc.. I X Anisotropic
supports AR-X-Pol and Anpli-X-Pol 20 In any use of a support AR-Pol or of a
support Anpli-Pol, it is essential to optimse its perfornmances (useful
extinction rate C. or contrast Cr) 2To do4€o, 0n§ﬁ%$OU|d conply with the
rel ations which define it with prec S|oh§_ﬁﬁ5§h g ates difficulties of
manuf acture (strict tolerance on the thickness e for exanple) and
difficulties of inplenentation (adjustnent of the paranmeters of 25 the

mi croscope for V'lﬁt%é'do%%?%nfaﬂfs P36 3BFAh, A T SNART ak®@ i 80BN ddsesSis
difficulties, it is advanfageous to introduce in the supports an adjustnent
el ement. Thi §lased ﬁqpt is provided by the use of materials wth anisotropic
optical properties in the realisation of the s;gports By default, the

ani sot ropfc rmiedeladon;of defipitiondstd aravides finglly with ot thipknesses g9 anscsdent

nmedi um r enai Rihiéh bShiIsRRhE cordffgstii N axes (x, y, and z) of the anisotropic
material are parallel and perpendicular to the surface of the 29 5 10 15 20

support. The Fresnel coefficients of the support are repI aced with a

reflection matrix: r., rl, rp g rs§~ 1(E20 whér ei n, glnto account,
the orientations of the main axes'r ps V\FQ WhICh enabl es to express
the reflected anplitude relative to the |nC| dent anplitude as: 0)

4 T 2

The formulas EB3 generalisé the formula E24 to the non ideal contrast
amplifying supports.
We shall designate the family of the contrast amplifying supports by the
15 designation supports Ampli-Pol when it is advisable to differentiate it from the
~ supports AR-Pol. Between crossed polarisers, they become the supports
Ampli-X-Pol, etc.. |

[X. Anisotropic supports AR-X-Pol and Ampli-X-Pol
20 In any use of a support AR-Pol or of a support Ampii-Pol, it is essential to
optimise its performances (useful extinction rate C, or contrast Cy). To do so,
one shouid comply with the relations which define it with precision, which
generates difficulties of manufacture (strict tolerance on the thickness e for
example) and difficulties of implementation (adjustment of the parameters of
25 the microscope for visualisation for instance). |
In order to remedy these difficulties, it is advantageous to introduce in
the supports an adjustment element. This element is provided by the use of
materials with anisotropic optical properties in the realisation of the supports.
By defauit, the anisotropic material is the substrate 1, the layer 2 and the
30 incident medium remaining isotropic. The main axes (x, y, and z) of the
anisotropic material are parallel and perpendicular to the surface of the




when the axis x is in the plane of incidence, and as: 0 (Eip) r,3, EL (E7
1) (E71) when the axe y is in the plane of incidence. At the interface
between the isotropic mediumi and the anisotropic nmediumj, the
coefficients rf(,,x) , rlt(S) , rj(pyhg and r,~(Sy) are given by n

rxnd: C, n, (n2 r1(px) n,fAxc, +n, (NA- n; s2j2 nrc, (n |y I3
n-2s2lan, C, +(nY- n's; zif the plane of incidence is parallel to x,
and: | nJyn J n, s?
I~ E72) (E73§u§porf 'ﬁ're {:Re%nel c@efﬁgésé)df‘%é S{Jg??ﬂ an% ré(;ﬂhc@ with z{‘?eﬁ% o D' 23

The formul a Eﬂmtﬁiﬁrral n| ng aI ways valid for r(nmx) and r(ny)

(Wth m=por m=35s) if it is parallel toy.

according to the relative orientati

si mul t aneousl y
The equations E72 show t hat,
of the sanple and of the

i-on 5 (= (P, x)
pol ariser P in azinuth, obtaining bY¥rotati’mg one ?E?ﬁ?”t with respect to
the other around the normal, one o }gins vatijabl e
5
wherein, taking into account, the orientations of the main axes rps=ry = 0,
which enables to express the reflected amplitude relative to the incident
amplitude as:
E 0) (E
10 N N % (E71)
Er : O r:.r Eis
when the axis x is in the plane of incidence, and as:
E 0 .
o I Bl e
E 0 - E,
15 ,
when the axe y is in the piane of incidence. At the interface between the
isotropic medium i and the anisotropic medium j, the coefficients 7y , sy »
Tiitoy) and Tiisy) are given by
( 2 ? 2)1
n:n: i n,i " i Si 2
20 ) = = — (E72)
nun.c, +on, (rz2 njs,z)i
nc, - (nz - nfsf)f
T () 1
ne, + ( = n,zsf)i
if the plane of incidence is parallel to x, and:
1
mn.C — (n; - nfsf)i
ry(p’) = i (E?S)
monge, + m(n - nistp



effective Fresnel coefficients r#(p) and rU(s), given by the follow ng
| inear conbinations: 10 r +I(P) =" ( rY) cos g, +r,,(,) sin 9 (E74) i
ri(s) =r1(.) coscp +ri(m sinrp An analogue reasoning applies to the .
case where the substrate | is isotropicqend the layer 2 anisotropic. 15 !
Thus, a support optimal for visualisationR”under microscope in polarised

light is anisotropic and such that the optiml value of its reflection
coefficients rr and r is obtained for an internedi ate angl e between 0 and

2 and preferably equal to 4 to provi de #am@axi trepd@gm of adjustnment. 20 X
. Grcular polarisation The inventigp +Ated .to the foregoing 0
description. The light beam used has thpg,4Lgﬁanohhei'enbodinent a circular

pol arisation and the supports AR-Pol ahd Anpli - Pol™ xhi bit advant ageously
the same efficienche Wfmlfa | B17eldmAAPYN allvBRs ORARN ViRE | ARH) aRAdTRGRYr ement s

between crossed 25 pol ariser and anal yser .are th repl aced with equival ent
observati ons SAWHFWMM 5y B@F%éﬁiﬁﬂdﬁgﬁf@@ﬁqﬁl | oned by a 4 wave

bl adle} fmd [i denﬂimlequn@mﬁsf tEHﬁleshbwdltmmoib?rmegﬁqbameseflaﬁm cft!mguta]gmr)l |
parallel to the forner, preferably identical]..Thi.s is 0. val i or a

the t echn%’que@ -O';:?{){%JQ? isgﬁiﬁ?% ANd Rh Y SPOIRESR {7 wpu&gioﬁéﬁmnﬁﬁa RSN

i nt er f er ent i adnecelatrens with(rBsdct 18 Ghel bihes appok thefndrimal, i omeestitaion Vagableeen
subject to s i i re ted i Qi -EX es for
whi ch the ran or%?f{'? I_*%hgggg%ﬁ%@\%lrﬁﬂg?ﬁ@i@fb ﬁvd%r?%a{ Eﬂé‘%mgewggeci |red, A =
540 nm |t heaongpatisisser ved that when a support conplying with the
invention 5 has been determned, it is possible to deduce therefrom ot her

supports ich, fromthe invention viewoint, .have cq 5ab|e properties by
modi fyi nd"the thickness ef¥of~tHe) FEYRr "2 imd™ e |en@% ? of use while
maintaining their ratio e el qqgskang mﬁqgs.ppﬁnﬁgygfy w de possibilities.
10 Exanple 1 The  supports AR- Pof’, af&%ough obey?ng very stringent
construction rules, can be varied endlessly. Four exanples (index nj and

thickness of |aye(h aRhloBlt reasoning applies to the case where the substrate 1 is
isotropic and the layer 2 anisotropic.

15 Thus, a support optimal for visualisation under microscope in polarised

light is anisotropic and such that the optimal value of its reflection coefficients

r» and rs is obtained for an intermediate angle ® between § and —’21 and

T TRISRTI ey e e e

preferably equal to % to provide maximum freedom of adjustment.

20 X. Circular polarisation
The invention may not be limited to the foregoing description. The light
beam used has thus, in another embodiment a circular polarisation and the
supports AR-Pol and Ampli-Pol exhibit advantageously the same efficiency.
As it is weil known, the observations and measurements between crossed
25 polarniser and analyser are then replaced with eguivalent observations and
measurements between [polariser followed by a %wave blade] and [identical

% wave blade followed by a polariser (or analyser) parallel to the former,

preferably identical]. This is aiso valid for all the techniques of visualisation
and of measurement using differential interferential contrast (DIC).
30



of supports AR-Pol-1 ideal for an incidence close to the normal (e0=5) are

15 presented bel ow. These exanples are intended for

supports for observations and. neasurenents conducted in a surroundi ng
medi um such as air (the incident nediumbeing the air or the substrate)
Substraten2n,ei A Gold0.40 -- 2.6"1.70694 Silver0.13 - 3.44j1.59795

Al um ni un®
substrates

.922.01346 Nickel 1.76 - 3.2"1.51847 20 W also give for these

use as object-carrying

1 the imndic an e ' es |, _of_Lhe.cqati 0 a
| ayer 2 which opt i%gseg‘ﬁ?e%&oﬁ?rgﬁét %péﬁmansggolg’ggpva%qbgeﬁ_t’tbgﬁv\e%g]%&aﬁossed
pol ari sers wiimplenentatiensy praseatgdalin the {olowing examplegelor avhichh éhelesandomf 0, 2

(by conventi g
t he contrast

7 i sandy =t sol ute val ue of
grgiggg%r?%]‘lgg@%npﬁ\ @b%@e%@&%#l%gﬁ%ﬁ%tai én gvl\fbt'ﬁa'ZS 30 opening at

the edge of a filh A hean cheerrtdhal whinck seBROTASOMPIYinGwithHee iNVeNERMesses
el' and eg" amsdefdn@éleRinbheit ApGsINE %o 88duck2th&Rdrdri deher¥ppsrté Mdidhndex of

the materi
Optics, M
particul ar

60<00< 6 Subsgraten7nlel (A) Cni

al formng the support, It is extracted from < Hand..Book of
GFIER BPF HysTgioBe PRI HINS ST REIDIE B oRA IS SY O RENRS e

wahickmagt dy disthd ddyearedaidthecandthmbeuseawhild GRaRtebnaied rafi®<00<

WA)eJ C Gol dO, 47-2-8311. 6580011. 588708800. 17

Sliver0.2 - 34ddrist®u8TbisERe3eonedielposabiliieni uml. 44 + 5. 23j 1. 5095311. 441
0401 0500.07 fickel 1.58 -- 3. 42j 1,5292011. 461 0001 0100.06 5 Besides; we ~
al so give, for these substrates 1, the indices n,, thicknesses e3 of the
coati ngs po a Iayg;i & &':]ch optimse the contrast Cf of any observation
bet ween crossed p s wth annular illum nation under an incidence of
20, We give the absolute value of the contrast Cf obtained under 10 these
conditions, with ta | ) i bi i Qﬂ‘lﬁ"é' t e edge
of afilmwth Tﬁgn%\gﬁgtg ﬁgARt E:ogrkgri]tggégrp%ée%@yg@n% s@_s’ﬂg:fﬁ ?nc}!@erﬁelgére
those given Epntiscvatipsendiegshedpur examples (index r; and thickness of layer e (A))

15

20

. 25

of supports AR-Pol-1 ideal for an incidence close to the normal (8;=5°) are
presented below. These examples are intended for use as object-carrying
supports for observations and measurements conducted in a surrounding
medium such as air {the incident medium being the air or the substrate).

Substrate nz ny e4(A)
Gold 040-26j [1.70 6594
Silver 0.13-3.44/ [1.59 795
Aluminium 0.92 -~ 0.95] |2.01 346
Nickel 176 ~-32/ [1.51 847 |

We also give for these substrates 1 the indices ny and the thicknesses
eq of the coatings to a layer 2 which optimise the contrast G, of any
observation between crossed polansers with a convergent axial illumination
under an incidence of 0,2° (by convention 8, = 0) and we give the value ny and
the absolute value of the contrast Crobtained with convergent illumination with
30° opening at the edge of a film with 1 nanometre thickness as weli as the
thicknesses ey and e4" as defined by the equations 63.

B R T ]
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e =20 ~60 20' O<6 c< 60<0o0 < n0<60< 6 Substraten2ne,Cn,e,' (A)e,"C ol do.40 -
2.]71.6473911. 647307400. 65 Silver0.13 - 3.44 j1.5583811.558328420. 85

Al um niunD. 92 - 0.95"'1.8939911. 893954150. 25 Ni ckel 1. 76 -

3.211,4889011. 48880905 15 The indices n,3are very comon and the | ayers 2
may be realised by all the conventional deposition techniques, for exanple
oxi de depositions realised by PECVD (Phase evaporation chem cal vapour

deposi :i gn%) | Exa][rwh@ iRdeR @fiszand%? bf Inaa%étébial%rﬁamgomé %uﬁﬁ?lﬁoit-@ are
present ed bel ow for .a supstrate siligi a or _uses er.in a
surroundi ng FEGRERISIRM 4 angiaé?o"oi’fopﬂt’?w?@@ﬂ’. ﬂﬁb%%fe%ﬁ‘ﬁré%ﬁ%?la‘”gupports
AR- Pol may bhbleobYatknZED(y wiepeisid particelar wavsiesgihss defiged forfeaghimatetian (n2 =

4.12 - 0.05]) doped or not, cleaved according to a plane 100, a |ayer 2 of
Optl Cal thl ~Alonace 4 ACCOF¥ di nno to the_ £ ] Lon_E2 and of : nd v qual to:

NITCOJ -t \VAVA Baw )| Ilv A4 LI A" ITT | e TCATT LAY AV L.
1.37 when the incident medi um dsoaigrq i| NASO<GXZ1| GG, Z[r};m@eﬁi nci dent medi um
is water ( |ndex—1 3 d wheh the incidén; s Bl (ihdex 1.5).
The | ayers Zupgaehave | ess coypon eh(Adii cesnhi ch) gr gliobteai’ &yl | @ref erabl y: -
ei ther by sjo[-geél an er 1 process Teag ng to| porous| siltcas (Iindex

1.37), the Fclhﬂgx_@l_s B vASF 1.V¢isnﬁtéL;b§gec.t_M3%a r‘?ﬂ(? MyF2 15
(i ndex 1.38)giiver or by oxizday i pned €6B0I qme%sym'at h osep nmi Xtgapes ljgagiing to
material mixtures S0 - 20T Index 1.79), or to inftrgdeflayers Si Ox
(i ndi ces 1.[7oHRIRAM 1.19%‘55?,425!1 15 .%S?J. SNL e opbt 0 et @.Q@jd y= 0. 6Ny

LR A

to obtain nNigkel. 79 [;1.5%=0.4anth 5= 5260 0blaue n, | rodd 991 ®@ The.dendex n, =
1.37 may @I so be obtained by depositing fluorinated polymers (such as
trifluoroal kyl -al kyl sil oxanes or trifluoroal kyl -al kyl sil oxane and

di et hyl si | oxane Besidesymes siisowigivecafort thesdepobsiraten rtaythiee indioskiched

thicknesses e; of the coatings to a layer 2 which optimise the contrast C; of
any observation between crossed polarisers with annular illumination under an
incidence of 20°, We give the absolute value of the contrast C; obtained under

10 these conditions, with convergent illumination with 30° opening (n/6) at the
edge of a filim with 1 nanometre thickness. The thicknesses e¢;’ and ¢;’’ are
those given by the equations E63.

£,=20° |@,=20° o<90<161 o<eu<161 o<eo<%
Substrate |n, ny e;A) |Cr iny e/ (A) ie,"(A) 1C
Gold 040--2.6/ (1.64 738 1 1.64 730 740 0.65
Silver 0.13-3.44; (1.55 838 1 1.55 832 842 0.85
Aluminium |0.92-~-0.95/ |1.86 |3989 1 1.89 395 415 0.25
Nickel i1.76-3.2] 11.48 890 1 1.48 880 805 0.50
15 The indices n; are very common and the layers 2 may be realised by all

the conventional deposition techniques, for example oxide depositions
realised by PECVD (Phase evaporation chemica!l vapour deposition).

Example 2
20



by spin-coating froma solution. These indices 1.79 and 1.99 nmay al so be
obtai ned by all the deposition 25 techniques, in particular by PECVD
deposition of oxide m xtures such as NO0Z and Y203 or of all the nmaterials
listed in the dictionaries of physical properties of the materials (for
exanpl e: Handbook of Optical constants of3solids, Vol. 1- 5, Academic Press,
Ed. Palik and Ghosh (1997)) or in the optics dictionaries (for exanple:
Handbook of optics, McGaw H Il Professional Publishing, New 30 York,
(2000)). The | ndExaomies(indexn mhatoé rsupperts it 1saen preseatad pelow fort ae

wavel ength  gfjpidpstel 4 %*Ptsmcﬁm aheeroa%a@teffﬁ@ﬁ m0£ shﬂ@ﬁﬁdlﬁgyméguﬁ?Eu&FQQ with

an adj ustnent of wavelength; 1t is for exarrp cas a layer 2 of SiO
whi ch exhi bi ¥ & NUEWPESIAMdex of 1.95 for 1 = 490 nmand of 1.99 for A =
540 rl{n 35 -4 Eximplamishtop lcg*slyﬁpd?ﬁ;l Aw-laolfm Cﬁé"@bta rﬁg;émn %ﬁ}f t
supports eren
i nci dent Fﬂgﬁtﬁ%‘moppgﬁ 'H’ﬁ‘n@?ar Qﬁbﬁﬁa r‘?rGP d%nce (6Q

= 5 degr ees) plahee10d)i £ kyes e &, optal mtckﬁé% @Bording 1o the reldtion EX ghyen for
an angl e of i1ncidence of 0,2. The index n2%s the index of the materi al

formng the aﬂmai@&tn, dalusl ®:extracted fromu Hand Book 10 of Optics, M Gaw
L o eosanal XY B, N YRILC 2SRt 1 = partcular vavel enot
Gol d1. 52. 95368’98whaertiﬁa Meﬁﬂh&dﬂﬂﬂ:s?ﬁE%(Stdaxe‘r.lS)SZ. 8417
Q: g[(nelmlu 44?% %ﬁ%?%g?%%'g%%ﬁﬁh R W%@PWI}A %BZml 13-5.01"11. 47968
Cadmi unil. 332. 0866 layers 2 then have less common indices which are obiained
preferably:

- either by sol-gel and aerogel process leading to porous silicas (index

1.37), the index also being approximated correctly by a layer of MgF;

15 (index 1.38).

- or by oxidation techniques with gas mixiures leading to material mixtures
Si0; — SiO (index 1.79), or to oxinitride layers SiON, (indices 1.79 and
1.99) with the following proportions: x= 0.4 and y= 0.6 to obtain n; = 1.79 ;
x=0 and y= 1 to abtain n; = 1.99.

20 The index ny, = 1.37 may also be obtained by depositing fluorinated
polymers (such as trifluoroatkyl-alkylsiloxanes or trifluoroalkyl-alkyisitoxane
and dimethylisiloxane copolymers), whereas the deposition may be conducted
by spin-coating from a soiution.

These indices 1.79 and 1.99 may also be obtained by all the deposition

25 techniques, in particular by PECVD deposition of oxide mixtures such as HfO,
and Y,0s; or of all the mateniais listed in the dictionaries of physical properties
of the materials (for example: Handbook of Optical constants of solids, Vol. 1-
5, Academic Press, Ed. Palik and Ghosh (1997)} or in the optics dictionaries
(for example: Handbook of optics, McGraw-Hill Professional Publishing, New-

30 York, (2000)).

The index of certain materials changes significantly with the wavelength
of the light, and the adjustment of index may be replaced with an adjustment
of wavelength; it is for example the case of a layer 2 of SiO which exhibits a
useful index of 1.95 for A = 420 nr and of 1.99 for A = 540 nm.
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Cadm umil. 52. 38575 Tinl.43-5.25j11.48975 Tinl.48-5.25" 11.48975 1. 332. 03693
1.52. 34600 copper0.52-2.57"11. 68768 copper 1. 332. 52448 copper 1. 53. 05338 Iron
(evaporated)1.51-1. 63" 11. 545802 1. 332.24459 1.52.72332 35 A second table is
given for an angle of incidence of 5. The wavelength is A = 540 nm except
for the Cadmumwhere it is equal to 58943 nrn. Substraten2nnlel Gol dO. 40
- 2.6"1.332.42490 Gol d0.40 -- 2.6'1.51.79755 Silver0.13 - 3.44"1.332.28512
Silver0.13 - 3.44"1.52.7412 Al um niunD.92 - 0.95"11.89399 N ckel 1.76 -
3.2'1.332.11572 Niasmwie3s - 3.2' 1.52.45473 Cadni unt. 13-5. 01j 11. 49970
Cadm untl. 13-5. 01" 1. 332. 05684 Cadmi uni. 13-5. 01' 1. 52. 36582 Ti n8-5. 25] 11. 48899
Tinl.48-5.25"1.332. 02640 Tinl, 48-5.25j1.52. 33548 Copperl1.,04-2 5911, 62746
Copper 1. 04- 2. 59j ﬁ’@@i‘f%ﬁ’?&’ %ﬁﬁb@ﬁ‘f—! 6%3RIp j%‘é“z‘%‘ﬁggi’t? ﬁg‘ﬁ%' (Whlchare
(evapor at ed) khéfefdretadsd lddat Advpll-Pel) focidemmtisskidntrhediaGitidlicd 3d. SviiEd

5 illumination of very small incidence (8, = 5 degrees). The thickness ey is in

Angstréms.

A first table is given for an angle of incidence of 0,2°. The index nz is

the index of the material forming the support. It is extracted from « Hand Book

10 of Optics, Mc Graw Hill Professional Publishing New York 2000 wherein a
particular wavelength is defined for each material.

Substrate na No Ny &4
Gold 0.47-2.83] 1.33 242 490
Gold 1.5 2.95 368
Silver 2.0-3.44j 1.33 2.35 526
Silver 1.5 2.8 417

Aluminium 1.44+5.23] 1.33 2.05 684

Aluminium 1.5 2.33 587
Nickel 1.58-3.42j 1.33 2.13 620
Nickel 1.5 2.5 505

Cadmium 1.13-5.01j 1 1.47 968

Cadmium 1.33 2.08 667

Cadmium 1.5 2.38 575

Tin 1.43-5.25] 1 1.48 g75

Tin 1.48-5.25 1 1.48 575

1.33 2.03 693

- 1.5 2.34 600
copper 0.52-2.57] 1 1.68 768
copper 1.33 2.52 448
copper 1.5 3.05 338

iron (evaporated) 1.51-1.83] 1 1.545 802
1.33 | 2.24 459

1.5 2.72 332




Iron (evaporated)l.51-1.63"1.52. 72305 5 Exanple 4 Finally,
illumnation at a wavel ength

exanple with an annul ar
For a support of cadm um 10 and observation

significant angle of

i nci dence.

in a surroundi ng nmedi um such as air und

degr ees,

t he i deal

| ayer 2 is obtained

oo,

a single angle of i

we give an
A = 589.3 nmand a

nci dence of 30

Angstrons. The val ues of the indices are deduced fromthe book of Born and

Vol f,
Pr opagati on,

entitled "Princi

15 fiEEPF

Biled giBh

i ang S

El ec

= 1.42 and el= 1084
eti.¢c,Theory of
qﬁ%&ﬁ f5°. Canbri dge

Uni versity Pr ess Tao9&vemmdtiBE A r Gd0trime elcerk fof thE. CadrRaim wherehhis eduadl a

Handbook of ?@%ln onstants of solids ., vol. Ito 5, Academ c Press
(1985). Applications are possible in the industries of the optics, for
improving neasurenents or the reflection-based observation of thin filnms or
very small |5 oghsﬁpﬁﬂnder opt i, cal m tr osgope| or nl_imder agy ot her opti cal

i magi ng i nstroment—suctr—as—visor, spectactes,—Trnacroscope, agni f yi ng

gl ass, bi nogul ar_Geldgni f vi ng0diCasg. 6Jcar r&33ph tAner a49%ear field

m croscope, \endosggpe, cpf ogalp Mh@j0Scopg,s opfi Gajg near zikel d m croscope,

bi ochi p reader; HblgﬂELU- leT,“dl lEdue —cotocat—_mcrascgpe-—10 The supports
AR X-Pol  and Ansiebol af e UidAm 244 myl t BARaukl @-4& landildl ale backgr ound
and as obj egt - cargjykng su pqﬂ3f_qgﬂ m q_rg)scppyzjoperaw-ggn iin reflection
pol ari sed |irght, Tegardtess Wieter_ t hg obServati-om 139 Condlﬁlﬁ:t ed in open
air, ini rmFL:iEHHmlmﬁmlth udh94 el 8%ppart 1 They | €_0f vi sual i sati on
not only of |obj eqiigkéll aced om 7ehe3 215 surf gge pf zthe upgegpt, {but al so of
the interface be €N the substrare.r and, Ihe 3 T 2nabl e opti nal
vi sual i sati en—an8" sure n?ﬁgf”éﬁy the &% ec gag inﬁ—gs'y m and ofp

bi refringence iQadmhurhhe | ay¢r1325|g|1pperty speaki ngde Thi sorrg particularly

advant ageou<T ar alTel of N fields

NS LTS N e s 88,

situated in BN uhen it poesebses —gptic1—sdseepiibility at
each of the foIG:Bdmn.gneffects 13F51|Dapay ef igct | VA3 ef f 68, |linear
magnetic bifefri ngence. 1.48-5.25; 1 148 890
Tin 1.48-5.25) 1.33 2.02 640
Tin 1.48-5.25j 1.5 2.33 548
Copper 1.04-2.59i 1 1.62 746
Copper 1.04-2 58] 1.33 223 | 423
Copper 1.04-2.59j 1.5 2.83 351
iron (evaporated) 1.51-1.83} 1 1.54 737
Iron (evaporated 1.51-1.63] 1.33 2.23 423
Iron (evaporated) 1.51-1.63] 1.5 2.72 305
5
Example 4
Finally, we give an example with an annular fllumination at a wavelength
A = 589.3 nm and a significant angle of incidence. For a support of cadmium
10  and observation in a surrounding medium such as air under a single angle of
incidence of 30 degrees, the ideal layer 2 is obtained for ny = 1.42 and e4=
1084 Angstroms.
The vaijues of the indices are deduced from the book of Born and Wolf,
entiled "Principles of Optics: Electromagnetic Theory of Propagation,
15  Interference and diffraction of Light", Cambridge University Press (1999) and




They enabl e optimal visualisation and nmeasurenent of all the reflection
ani sotropic effects at the interface between the substrate 1 and the |ayer
2, 25 which is particularly advantageous for inplenenting the anisotropic
reflection mcroscopy techni que (RAM. is is also particularly

advant ageous if the substrate 1 exhibits” magneto-optic susceptibility

(1 ongi t udi nal or transverse Kerr effect, polar Kerr effect), the coatings

AR- Pol prow on b ove conptrast R nsitivity
of the magnet E gd?af Eei% gg[—ﬂ rqﬁpi:“éi [}?)?J'Hﬂ)to QA?{ IQBP c@r ‘éork)%?'ﬁ?cﬁl arly
ef ficient forsomés I»euolt dﬂoc,’ol fAcadentic Ere55| (NB8bf.erenti al contrast observations,

regardless of thoyatlalid E ©hokBie heghni e rRNdeR03MhASHAG L he

type of polari satl use circu ation
of all these mﬂa%:rﬁme@tﬁ oz} ha:mﬂacta@m baged @bnﬁ'vqtmrs ofithin féﬂnrs qrh\é,erbtsn@l

vi sual i sat 0%b19&£6956€2y§5tlc%g§5é2&3§2r of CaRIkOURS TRAL pedaRliadgingThe

coati ngs AR- Pol | the types of substrates

enabl e nore JBHEIPEHSUSEL A YiESn SPEFAC'HPt HARIOPCRRR: %@%W'ﬂﬁu@i?ﬁ PRFBYRT 5
t echni ques V\’ﬂ'hﬁdjhlfya@g@sﬁcearﬁéré %oﬁldaﬁ]ﬁar@méﬁ?tﬂ% hibfoecope Ceriitisabpey, t he

T R DR e eaPe Pl hod BB bhoond it S5 P 1oy
m croscopy topdical rpader, (cofddal mETdecopeSNOM  and ot her SPI'VI') since they
i si bl a8 by cotVEnereRart A3Sv-EY) 2E AT R B8 i EnSlusosS”! ©
supports to cuigisce background)pancbaﬂs tabjeriticayyiog ﬁupp@rénfqroalianmssmpworl t he
deposi tions QJ;) ﬁbJrF‘mt #‘éﬂ"éché‘b{f‘%o?ar%eeelfg{]rﬁrf@%r@&sé%heﬁﬁﬁf‘r theCRRI{ AR

vai |

techni ques a or exa odgett 15 technlque
by plasma, i d’lﬁ’l“é“ﬂ’@ﬁd%lopﬁﬁr?” YpITHDRIS I, ﬁ@thr@ﬁ‘ﬂi!h YRR$rt. MBE t echni ques,

etc... Used as oljtegt eﬁ@cﬂéyd:mﬁnéluma@éltssmoﬁhw @rhiZOUﬂ BBJeRBS pldded ehfthei ency

o cpranse Wt SRR -AE BAA A bhaoh i, B SRR ) 1

pol ari sed | i ghe Jay2d2and of all the spectroscopic visualisation techniques

( Infrared Absor ptﬁh%? renaBEBBtimal WLARGABS BndthEa&idhnEbr AMINE RHLAR of

2- photon M crosco
dlchrmsm and of birefringence inside the layer 2 properly speaking.

This is particularly advantageous for parallel imaging and reading of

20  magnetic fieids situated in the layer when it possesses magneto-optic

susceptibility at each of the following effects: Faraday effect, Voigt effect,
linear magnetic birefringence.

They enable optimal visualisation and measurement of all the refiection
anisotropic effects at the interface between the substrate 1 and the layer 2,

25  which is particularly advantageous for implementing the anisotropic reflection
microscopy technique (RAM). |

This is also particularly advantageous if the substrate 1 exhibits
magneto-optic susceptibility (longitudinal or transverse Kerr effect, polar Kerr
effect), the coatings AR-Pol providing considerable improvement in contrast

30  and in sensitivity of the magneto-optic reading process.

The supports AR-Pol are particularly efficient for reflection differential
interferential contrast observations, regardless of the variation of the
technique used, and regardless of the type of polarisation used (linear or
circular) and enable the combination of all these interferential contrast

hey




Used as object-carrying supports, they enable to increase considerably the
quality of reflectivity neasurenents in polarised |light and of ellipsonetry
under optical mcroscope. 25 The supports AR-Pol are al so advantageously
used as object-carrying supports in all stthe micro-nanipul ati on devices
under optical mcroscope, optical pliers, magnetic pliers, piezoelectric
pliers. 38 CLAIM5S 1. A support intended for observing between crossed

pol ari ser s aneahhgebs RHACHM_ e Bhe? UNRObIsRon! MidtBeoH Comih¥adligrgal 1n a
Index no wmth 5 I

medi um (3) of ! 1 spatial |y I ncident convergent incoherent
i | | umi nati on {gRABIAUES MedloBeg@bRYEa  wavel ength A, including - a substrate

(1) of conpl ex reficqebatipd ARERoING, a 1ayr 22865t 10f)aliahe GPFaY BKstigdtrA&d Hon
index nl and ﬁgetm %F ess_ es e_Cht?.r aﬁter ise in t atd” é_% %ﬂ’%pv%l ggggt t he
Lhi ckness el DTeY RO3PE, BloTEosensling fntestion dhap wilha gaBicaion,; (1 ¢
TO 612 0 34) rtetheiquées 2lich take-mdceXal tiee fend of anr optic (ib@&] And hetdbly thee{ -
and the pr odui Bl bha WRsEr Sy s R P SRR oA 2 R IR hd BES T
(i,j)-(4,1) owudhlafibje.: and a n wheren en, fl =nlcos B, - n; cos O]
n, Cos 0, +n;  COBQde ‘ard ideal object-carrying supports for near field microscopy

techniques (AFM, STM, SNOM, and other SPM) since they enable detection,

10 localisation and visualisation of films or objects invisibles by conventional

optical techniques. | '

These are also ideal supports to conduct in situ optical tracking or to
control a posteriori the depositions of uitra thin layers 2 performed by ail the
deposition techniques available, for example by the [angmuir-Blodgett

15 technique, by plasma, ionic deposition, spin-coating, dip-coating, MBE
techniques, etc...

Used as object-carrying supports, they also increase the efficiency of
magneto-optic techniques, polarised light cofocal microscopy technigues,
SNOM techniques (Scanning Near-field Optical Microscopy) in polarised light,

20 and of all the spectroscopic visualisation techniques (Infrared Absorption,
Raman, Fluorescernice, ultra-violet Absorption, 2-photon Microscopy).

Used as object-carrying supports, they enable to increase considerabiy
the quality of reflectivity measurements in polarised light and of ellipsometry
under optical microscope.

25 The supports AR-Pol are aiso advantageously used as object-carrying
supports in all the micro-manipulation devices under optical microscope:
optical pliers, magnetic pliers, piezoelectric pliers.




_n, ,cos 9, -nl cosO r(!'(SI _n, cos B + ni cos e Znn,e, cos 01 i
di with cos O | 25 2. A support intended for observing between crossed
pol ari sers an object placed on the support or in the vicinity thereof in a

medi um (3) of index no with incident copvergent incoherent illumnation
under an angle 9Q at a wavelength A i ntd udi ng - a substrate (1) of conplex
refraction index n2, 39 - a layer (2) of conplex refraction index n, and of

t hi ckness e, characterised in that, 5 the value of the thickness e, of the
layer (2) is within 2 %so that, withQLﬂMé IC, 21 = 0 60i +Q2(1
+7r01)e( -21,8i) + Q,z,,e(-4. i f1 (1+ + e ( 2IA) )(1 + (-201) F (p)
rig{P) ro~ ( )i 2 a f wherein,_031 and 1 represent ..
respectively t @Bﬁ?%dﬂteﬂ‘ﬂégﬁﬁéﬁr"mg hp%eqﬂ é;éc?féle c %@Fﬁfﬁeﬂ? s°béﬁ°tt he
di fferent |ntpmdemicmthe[:éupgo)'t:c(r0nlr)e vicinfty t23reof inaa mediurg (B8 index ngodh Ol  ni

cos 0, + ?atlgllyzgﬁ%em &Tonv%geﬂt r%%ﬁe%g\bilﬂﬂ'nﬁgﬁorg%nﬂﬁ Qﬂs %ﬁ% Bo g £os ol

and mhereln
wavelength A, including

- a substrate (1) of compliex refractlon index ny,
- - alayer (2) of complex refraction index ns and of thickness e,
characterised in that,
10 the value of the thickness e4 of the layer (2) is within 2 % so that:

sl =0

with
Ty + 0, {1+ ”a:)e(_m') + 0_0:7‘123(_4'%}
I+ 7y, +7 lZ(p}e(_zjﬁ,))(l +r o:(s)rxz(:)e(‘zml))
15
a formula wherein oy and r; represent respectively the sum and the preduct of
the Fresnel coefficients of the different interfaces [(i,j)=(0,1) or (1,2)] :
n; cosé, —n; cost,
Tiitp) = '
n;cosé, +n; cosd;
and
n;cosf, ~n, cosb,
20 sy =
n,cosf; +n, cosd,
27me, cos 6,

and wherein gy = —

2
with cosé, = \[1-(’%) sin’ @, .
1

25 2. A support intended for observing between crossed polarisers an object
placed on the support or in the vicinity thereof in a medium (3} of index ne with
incident convergent incoherent illumination under an angle 8, at a wavelength
A, including

- a substrate (1) of complex refraction index na,




20 3. A support intended for optim sing the useful extinction coefficient of
a polarising mcroscope for observing an object placed on the support or
above the support in a nmedium (3) of index no with incident convergent

i ncoherent illum nation under an angle at a wavelength A including a
substrate (1) of conplex refraction indeX n2, 25 a layer (2) of conplex
refraction index in, and of thickness e, characterised in that, the val ue of
thethlckness el of ' .1 hi 40 5 with RNp 1
2 '2 rn +r, %leis;e;?efz t%%'éiéé%%hgﬁ%fw olttﬂ?ctk{] egge rmkl1+rr
e(-~1la'a o~ (p, ~z(n) rol(.) +rl2(a)e (-2J0|) [ o](s)r12(,)e G=
rp~rs cro | Gk g(&geguq.%hag (-2, 61) + ClU7)r12e - 0JV1 ) (1 ~ rot(n) +
ri2(p)e(-2i~,))(t + 3( )e( 1J6,)) and r = JYi 1 a formula wherein
of and n a represent respectlvely the sum and the product of 10 the Fresnel

coteffICI €f|51t Stf@fﬁéiwoﬂtﬁétﬁi&ﬂé‘sé 81 ef thaqgyer (Bf iis Within® % s@thdtl, 2) 3: nJ Cos B,
-Nn COSsS e r—~i

S| -0
with
_ _Outoy (1+:rm)e(’2’ﬂ') + gy e
@+ Ty + a2 YA+ Tz ™)
10
a formula wherein oy and = represent respectively the sum and the product of
the Fresnel coefficients of the different interfaces [(i,j)=(0,1) or (1,2)}:
n,cosf, ~n, cosf,
M) =
n;cosf, +n; cosd,
15 and
n, cosé, —n; cosf,
Tisy =

n,cosd, +n, cosh;

2
and wherein f; = 37%%——0591, with coséy = 1,1—(’%) sin? 8, .
1

20 3. A support intended for optimising the useful extinction coefficient of a
polarising microscope for observing an object placed on the support or above
the support in a medium (3) of index n; with incident convergent incoherent
Hlumination under an angle 6; at a wavelength A, including

- a substrate (1) of complex refraction index n,.
25 ~ a layer (2) of complex refraction index nq and of thickness e,

characterised in that,

the value of the thickness e, of the layer (2) is within 2 % so that:
30




nfj Cos 0, + n~ Cos O,/. and n, cos 8 - .- nJ Cos eJ ails) n= Cos 0, + nf
cos&J 15 and wherein 81 = 2m- le,cos ~' , with cos0Ol = 1-- 4 4. A support
according to claim1 or 2 or 3, characterised in that the values of the
refraction index nl and of the thickness40e1 of the layer (2) are within 2 %
20 such that: C=0 5. A support according to claim4, characterised in that
the substrate (1) and the layer (2) are dielectric or little absorbent, the
nodul e of the inmaginary 25 portion of ,theix\ conpl ex i ndex being smaller than
0.01, the general conditions of theﬁ_L % - Qei ng reduced to the
conditions: 41 nlelcos0l= 4+ kA, andep®,njCos, 0 (n2-nDsin' 90) nt n2
+n2 co0s2 0 with k integer and with an uncertainty of 2 % on the val ues of
nl and ey 5 6witA support according to claim5, characterised in that 8 is
smal l er than 5, the general cordi Li pns,ofi? the|,cl aijm 4 being reduced to 2 =
1+1 nl non, 10 and n,elcosola‘),%l’g 4§E)2+\?\ﬂ!tgﬁ£!rfr 'J:ger and with an
uncert ai ntyng}“ 2 %on the values of ni and e,. 7. A support according to any
of the clai to 4 or 5to 6, characterised in 15 thazt_ it is intended for
use with @nnul ar incident _irtml(,;;m'irﬂ@)tef‘b’ﬂ) wth an @ﬂg%az(gé(' “nci dence 80 which
is unique’within 2.5. 8’P’q‘+srngprte(mcor Eﬂdrfg"th_,anx oL ke claims 1 to 4 or
5to 6, characterised in 0Ly 12(e) 0112

and

-2j4) (475
Op + 01+ 7y )e Vot Oy e 1

o= rp+rs = - -
s {-2 {-2
(L Toygzy + gy I Py Tiage 7 P)

a formula wherein oy and =y represent respectively the sum and the product of
10 the Fresnel coefficients of the different interfaces [(i,j)=(0,1) or (1,2)}:

n;cosf, —n, cosb,

Tty =
n;cosg, +n,cosb,

and
n, cosb, —n; cosd,

Tits) =
n, cos@, +n, cosh,

15

2
and wherein g, = 275’%}&9—‘— . with cosé, = \[1——['%) sin g, .
1

(3

4. A support according to claim 1 or 2 or 3, characterised in that the values of
the refraction index n, and of the thickness e, of the layer (2) are within 2 %

20  such that;
a=0

5. A support according to claim 4, characterised in that the substrate (1) and
the layer (2) are dielectric or little absorbent, the module of the imaginary

25 portion of their complex index being smaller than 0.01, the generai conditions
of the claim 4 being reduced to the conditions:

D P L LT O



that. it is intended for use in incident and convergent axial illumnation
with an 20 average angle of incidence Co associated with its total angul ar
opening AQCo by the relation : cos@ = cos 9. A support according to any
of the clains. 1 to 8, characterised in that the 25 illumnation is
nonochromati ¢ or quasi-nonochromatic at the wavel ength A 10. A support
according to any of the clains 1 to 9, characterised in that the

illum nation has a continuous w de spectrum or,is polychromatic with

maxi mum span 0.3 A around its aver agerewensdh engthk4 30 42 11. A support
according to any of the clains 1 to 4 and 7 to 10, “intended for use in the
air as a surrawhdi ng nedium (3), with @ = 30 and X = 589.3 nm
characterised in that the substrate ¢1) /) 2Qf,,2cad mwth n2 = 1.13-
5.01), the layer (2) having an i,'rfdm?zr2 %L)/’J%%?%&ﬁnéz"g% -@0}11084 Angstroms. 5
12. A support according to any of the cl aifmsnicasdfd and 7 to 10,
characterised _in that the substrate (1) anog the (2) havfe the specificities
of the fol | oWitiyX iNigeer anghwitizpR uRcertainty of 2 %reh theevalirief 264/ Be t hi ckness

of the |ager, n2 the conplex refraction index of the substrate (1), in the

air as a surroyndin di u , 4.010-.90=5 'and .= 54 .Substratenz.nle,

ol a0 4 U e S et it SaChRfpHtersedn Tl HoF SHgE TS

0. 95" 2. 01346 tiNe gleabrhl ZonditiGnL261the I8iM 4 Beingd redymedito according to any of the
clains 1 to 4 and 7 to 10, characterised in that 60 is an average angl e of
i nci dence equal to 20 and in that the 1% sublstra e (1) and the layer (2)
have the specificities of the foll ow ng—ZLanL.Ie+ : rein nj and e= are the
i ndex and the thickness of the layer (2h nZ theé: conplex refraction index

of the su,Bstra (1), inthe air as a surrounding nedium(3) and . = 540
nm SubstratenZni el (A) | Gold0.40 - 2.6"1.64739
nye4Cosfy = 4+k%

with k integer and with an uncertainty of 2 % on the values of n; and e,.

7. A support according o any of the claims 1 to 4 or 5 to 6, characterised in
15 that it is intended for use with annular incident illumination with an angle of
incidence B, which is unique within + 2.5°.

8. A support according to any of the claims 1 to 4 or § to 6, characterised in

that. it is intended for use in incident and convergent axial illumination with an

20 average angle of incidence Bp associated with its total angular opening A8; by
the relation :

cosfy = cosz(égf—]

9. A support according to any of the claims 1 to 8, characterised in that the
25 illumination is monochromatic or quasi-monochromatic at the wavelength A.

10. A support according to any of the claims 1 to 9, characierised in that the
Hlumination has a continuous wide spectrum or is polychromatic with
maximum span £ 0.3 A around its average wavelength A,

30
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Silver0.13 - 3.44'1.55838 Alum niunD.92 7 1.89399 9.95L Nickel _ 1.48890 1.76
- 3.2" 20 14. A support according to any of the claims 1 to 4 and 7 to 10,
characterised in that 80 is equal to 5 and in that the substrate (1) and
the layer (2) have the specificities of4the follow ng table wherein nl and
el are the index and the thickness of the layer (2) within 2 % n2 the
conplex refraction index of the 43 substrate (1), no the index of the

surroundi ng ARAAUSIERBH ace&mﬁ %o%rg%fvmgrua.ﬁ{w |té‘>4%nc{ 2)tolfo ﬁm@ﬁd@a fgadm um
and 2= 540 nmin the other caSes ubstrat e 61, 332. 42490

2
Gol dO. 40 - zUéelméhe 07788 AU RSIngsmedyim 40K B! §<3513£3 §ﬂq/ér05%33’"h4
1.52.7412 | Ahafidirised. Wthat%@%db%tr&&ﬁ Ni fiealeLof Badmiind With3 A= 1172

Ni ckel 1. 76 - Cadm u 01' 11, 499 :
Cadm uri 13- 5055 the 38yt 2L Baviah Bt e 4 At 8 4884 Angstroms.
Ti nl.48-5525"'11.48899 Tinl.48-5.25" 1. 332. 02640 Tinl. 48-5. 25j 1.52. 33548

PP e o 512 oA TsUpp Ol e BRG i allf of thcidints 4 t6 ¥ 4kt 7 to 10, characterised

Copper 1. 04- 2.
in that the substrate (1) and the (2) have the specificities of the following table

wherein ny and e4 are the index and the thickness of the layer, n, the complex
refraction index of the substrate (1), in the air as a surrounding medium (3),
10 60=15"and 2= 540 nm

Substrate n: ny esA)
Gold 040-26/ {170 |694
Silver 0.13-3.44j |1.59 |795
Aluminium 0.92 -0.95 [2.01 |346
Nickel 1.76-3.2) |1.51 1847 |

13. A support according to any of the claims 1 to 4 and 7 to 10, characterised
in that 8p is an average angle of incidence equal to 20° and in that the

15 substrate (1) and the layer (2) have the specificities of the following table
wherein ny and e, are the index and the thickness of the layer (2), n; the
complex refraction index of the substrate (1), in the air as a surrounding
medium (3) and & = 540 am.

Substrate {n, ny e(A)
Gold 040--26/ 1164 |739

Silver 0.13-—3.44//1.55 |838
Aluminium |0.92 - 0.95j11.89 ]399
Nickel 176 -3.2f [1.48 {890 |

20
14. A support according to any of the claims 1 to 4 and 7 to 10, characterised
in that 85 is equal to 5° and in that the substrate (1) and the layer (2) have the
specificities of the following table wherein ny and eq are the index and the
thickness of the layer (2) within 2 %, n, the complex refraction index of the




Iron (evaporated)l.51-1.6311. 54737 1.51-1.63" 1. 332. 23423
1.51-1.63"'1.52.72305 5 15. A support according to any of the clains 110 10,
characterised in that the paranmeters defined by the clains 11 to 14 are
kept with the exception of the wavelenggh 2 and of the thickness e, of the
| ayer 2 which are nodified proportionally, . not being nodified. 10 16. An
accessory intended for observing a preferably liquid sanple fornmed of a

Petri dish aggp&tata ( sfrm,%& ihddepCpd é‘u%uharr@l Meammsas)d mﬁ g nCT;Nhﬁg L to
|

characterise e sup ort conp

15, - the sﬂ'ﬁf‘plﬁyf‘r it Qﬂ%ldﬁgﬁ“mlﬁ‘ tf?oq%\erdasiege for observing
a sanpl e including an opti cal m' croscope, a support intended for receiving
sai d sanpl e [and.t rosseéd polarisersg, characterisef | t the support
conplies vvltVLAﬁu 312 ERe ¢ a2 t o1 1% _Aldelee—to %,1\ h—a%rvi ng a sanple
i ncl uding an opti@ald m cr oscOp) —ab; acce$§t3ry i 2. dfded f480 recei ving said
sanpl e and tjwo cr pol ar.l Har acterifsegd-j.n th heg accessory
conplies w tth~ “"éaﬁﬁ' "U 16- 1Vj9§6 W 3e f-6 eﬁggw ng’tsaéo npl e including
an optical croﬁ]bpe, a | supp8r 3.4af ended.IH3or |r e2@Bvi hg 5 d |[sanple, a

pol ariser and a er-wa I characterised4n th heg support
conplies wtHh a..g‘ﬁfrgthe Ta?ng ?éiii u.ali 260 ﬁg-%—)dev 02%1 observing a
sanpl e i ncl ydi_njueniniompt i chl MP2ro38bpe,] ani aC(Ees‘bBBy nt3®led for receiving

said sanple,| a pq{”%kélser anc| fgglﬂ% erl- wa v ol a;_q?g hargﬁt erjised in that

t he accessory—-conptrtes crarm1b: +—Adey+ce forobserviing a sanpl e
accordi ng taq_cl aiNigkes or 17 3r76183.2j20 chdr@cteridél ih (A& tlhe optical

m croscope iis fihuffu thia di j5erppti al qinterfepgnt] algmgont|rast device.

Cadmium 1.13-5.01j 133 | 2.05 684
Cadmium 1.13-5.01 1.5 2.36 582
Tin 1.48-5.25] 1 1.48 899
Tin 1.48-5.25] 133 | 202 640 |
Tin 1.48-5 25] 15 233 | 548 |
Copper 1.04-2 59 1 1.62 746
Copper 1.04-2.59] 133 | 223 423
Copper 1.04-2 50j 1.5 2.83 351
Iron {evaporated) 1.51-1.63] 1 1.54 737
1.51-1.63] 133 | 223 423
| 1.51-1.83] 1.5 2.72 305

5 15. A support according to any of the claims 1 'to 10, characterised in that the
parameters defined by the claims 11 to 14 are kept with the exception of the
wavelength A and of the thickness e; of the layer 2 which are modified

proportionally, —} not being modified.

10 16. An accessory intended for observing a preferably liquid sample formed of
a Petri dish and of a support intended for receiving said sampie, characterised
in that;

- the support complies with any of the claims 1 to 15,
- the support is the bottom of this dish.




10

15

20

44

17. A device for observing a sampie including an optical microscope, a
support intended for receiving said sample and two crossed polarisers,
characterised in that the support complies with any of the claims 1 to 15.

18. A device for observing a sample including an optical microscope, an
accessory intended for receiving said sample and two crossed polarisers,
characterised in that the accessory complies with the ciaim 16.

19. A device for observing a sample including an optical microscope, 2
support intended for receiving said sample, a polariser and a quarter-wave
biade, characterised in that the support complies with any of the claims 1 to
15.

20. A device for observing a sample including an optical microscope, an
accessory intended for receiving said sample, a polariser and a quarter-wave
blade, characterised in that the accessory complies with claim 16.

21. A device for observing a sample according to claim 16 or 17 or 18,
characterised in that:the optical microscope is fitted with a differential
interferential contrast device.



