05 DECEMBER 2006 1 ANTI GLARE SUPPORTS AND CONTRAST AMPLI F)S DISCBVBERR986 FOR
PCOLARI SED LI GHT REFLECTI ON 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 imging instrunpgent: visor, glasses, nacroscope,
magni fyi ng gl ass, binocular 5 nmagnifying gllass canera, photo canera,
near-filed m croscope, endoscope cofocal m croscope near field opti cal

m croscope (S och | readers net o-optical reader. confoc

ni cr oscope. N@O\ﬂﬁ%ﬁ PQ%T$ ﬁ%ﬁ@'ﬁﬁﬁéﬁr MRLGXING SUBBOR TS F%R

vi sual i sation and nmeasuri ng PEHARBED LIGHTRERCECTIONI fferenti al
interferential contrast . are also.i.ntended for use i.n a
observation and nea Fésq c'HYﬁ’rg concerps AhietEaring SPBPPéﬁt'?t&HdEQ’HQEe
supports are dﬂfdrﬁﬁdg&héhﬁéab&‘remaﬁt orfthe reflectionr bbsemwatiohiof thimfimsconoér n

Functi on ( exaniit Wi tiats U opfiral FEtnstpg of broBhand gl By Biadifccn

crossed pol ariissirsinentindvisdi, c hglasses, hayacmoscamermomagaifginger glass, nbinbeulaof 15

these SupDQy  se6h e diads! Gk Bhof galIBRD febr-fa MichiBbeObndtidipiab! ©

par anet ers whi © 0'recogni se a7V

fam |y. The obafecalomiarascqpes Jw@ar ﬁewezpttlcalnmuyosmes(SN@Mb tmmp raadar;Sport
exhibiting in hj t yer
formed 20 on @géﬁ%s?%'%i%' oé?gdér & exeéle ‘r%g%st%:agﬁ ?Rﬁgﬁ SHEBSﬁS are gfj?é@ﬁ%%?ng
medi um of i ndelRtafsied elQ%éﬁsea“'bquaé@@ QAN W?@Swmgcttﬁﬁ?ﬂiﬂ'éﬁs dnptafigetiend

'} fght ObserVatdiﬁérent@[ uﬁeﬂéﬁerﬁbab@nffragtqmgp Tidy bhe a imténdst l‘erEEe infgll t hi's
DI R IO R ERR AT it R AT
thereof in a nmedi unTldse supportsoans défiredagithelr by a setosfestrmacteristiciewhich may
comverert ' RGeS oy GBE e PSSR Aol
i ndex n, and ofunctior Kexarsple; -contrast ampdifyirig stppaortifok thes obeernvations detwgen i s
within 2 %so ¢B8led polarisers), and which, if they are common to a certain number of
15 these supports, class it in families of supports, 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 support,
exhibiting in relation to the thickness e4 and to the index n4 of the layer formed
20 on a substrate of complex refraction index n,, in a surrounding medium of
index ng, either 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
between crossed polarisers an object placed on the support or in the vicinity
25 thereof in a medium of index ng with spatially incoherent incident convergent
illumination under an angle 8 at a wavelength A, including
- a substrate of complex refraction index ny,
- alayer of complex refraction index nq and of thickness e

The value of the thickness e4 of the layer is within 2 % so that:
2

d
30 _— lnlal =0

de}

with



dz 30 Inlcrl2 =0 de; wth 05 DECEMBER 2006 2 _ U01 +003DECEMBER 2006
(1+7[0,)e(-2i6J +U01912e(~01) (1 + ro,(v) x r12(v)a(-zi91) )(1 +
rous)ri12(,)e(-ziel) ) a fornula wherein of and i0- represent respectively
the sum and the product of the Fresnel coefficients of the different
interfaces ((i,j)=(0,1) or (1,2)]: 5 ni cos 8 -n; cosBi yi(n) = ni cos B,
+ n; cos Bi .and n; cos 8; - ni cos ei ri%sl =n;, cos B, + ni cos Bi 10
and wherein f61 = 2nn,e, cos 0, d ~ with cos8 = (non | sin2Bo 111111 ,II

The invention al so concerns a suppart, i ed &0n obser vid4y bet ween
crossed pol ari sers an object pka 0 +an FDQ i +§°‘E ¢ e _vicinity
thereof in 15 a mediumof index (e mjiR rne eI €anyesgEitt™) ncoher ent

illum nation under an angle 90 at a wavel ength A including a substrate of
conplex refraction index n2, a layer of conplex refraction index n, and of

t E;gk”ezg g,e- laafyﬁmgl@\}vhéré?ﬁ J; ARdiA}irelsfeRsht fospettivdlf the¥am asd e Pidduét 8p SO
' the IFresnel coefficients of the different interfaces {(i,j)=(0,1) or (1,2)]:

5
iy = n;cos6; —n;cosf;
n;cos6, +n,cosd,
and
i = n;cosf, —n; cosb;
n;cos6; +n;cosd,
10 and wherein g, = M,

A
2
with cosé; = \[l—('%) sin4), .
1

The invention also concerns 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 np with incident convergent incoherent illumination under
an angle 6, at a wavelength A, including
- asubstrate of complex refraction index n,,
- alayer of complex refraction index nq and of thickness es.
The value of the thickness e4 of the layer is within 2 % so that:

20
d

-——|0'2| =0
de, :
with

(=2jB) (—4jh)
Oy +o,(l+7y)e "™ +ogmpe "

- 2ip) 2jbr)
1+ Toupy X o€ a+ Tousyhz€ )

25 a formula wherein o; and 7; represent respectively the sum and the product of

the Fresnel coefficients of the different interfaces [(i,j)=(0,1) or (1,2)]:
n;cost), —n;cosd,

Tty =
n;cosf; +n;cosf;



with Um +U12(1+49roi) (-2i61) +Qol'T7ze(-4i6i) (1+rm(p) X 035 PECEMBER 2006
+r(:)rtz(a)e( 25 a fornmula wherein o;i and ai represent respectively the
sum and the product of the Fresnel coefficients of the different interfaces
((i,j)=(0,1) or (1,2)]: ni cos B; - n; cos Bi rilnl = ni cos 8, +n; cos O
05 DECEMBER 2006 3 and n; cos8; -ni cosBl1, rii(s) n; cos 8 + nl cos 8 and
wherein 81 = 2nn,e,cosB, ( A5 with cos8, 3= 1- non Jzsin' 0, The invention
al so concerns a support intended for optimsing the useful extinction
coefficient of a polarising mcroscope for observing an object placed on

t he support or ﬁ&/e the support in a nediumof index no with 10 incident
convergent incoherent illum nation under _ahcap@len @Sl a wavel ength A,
including a substrate of conplex refr& iop bigdex, Ngsga | ayer of conpl ex
refraction index n, and of thickness e{ THe vdlu€ of the thickness e, of
the layer is within 2 %so that: 15 d Jul 2 = 0 del RNP with RNP_4 | + 512+

2 A R bwhordiol 5 o | nd rs= ru,(s) +rz(,)e (-2;e) p
| +rn(v)r, z(v) e( -@ndwhereiol 7 Fr z%l?é bos) P
2
s witcoss = (%, ..

The invention also concems 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 of index ngp with

10 incident convergent incoherent illumination under an angle 6, at a wavelength
A, including
- asubstrate of complex refraction index no,
- alayer of complex refraction index n4 and of thickness ey
The value of the thickness e; of the layer is within 2 % so that:

15
2
d |lo]
— = l=9
de | R\p
with
Ry = 1 41 2
NP = Z'r” +r| + 4 |rp -7,
and
-2jp) (=2iB)
20 o= Youp) T hapm€ and r.- Tois) T ha€
(-2jB) S ~2J8,)
1+ Tophame 1+ T
and
2J8) ()
Oy to,(L+7my)e "™ +oqm,e "

o=Iptrs =

=Yy 23
L+ Toypy X Tiype "I+ Ty liage )

a formula wherein o; 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;cost); —n; cosd,

i) =
n; cosf; +n, coso,

and



and Q01 +x12(1+,r01)e(-21" +CWM12e(-41Q)

X rl2(p)e )(1+rot(s)rl2(e)e ) a fornula wherein of and zyi represent

respectively the sum and the product of 25 the Fresnel coefficients of the
interfaces [(i,))=(0,1) or (1,2)1; ni cos B, -n; cos8 ru(p) =n

di fferent

cos B: + n; cos 81 and 05 DECEMBER 2006 #4n: cos 0, -nf cos BJ n, cosO,

nJ Cos BJ and wherein /3u = 27meacosOwth cosOL =1 (n YOlz sin2 0o 5

The present invention also concerns the characteristi cs which will appear
in the follow ng description and whi chr.(g)hp{ﬂ‘ ESEEE Lofi8iGered individually or

i

according to all their technically possi'bl & cathirmatosths: - the val ues of

the refraction index nl and of the thickness el of the 10 layer are within

2 % such t hat

absor bent ,

of nl and
to 211

t he
smal | er than

conditions nlel cosOl= 4+k2 and%z n2 + VnZ cosz
+n2 cosz Q0 20 with k integer and with an uncertainty of 2 % on the val ues

el

w2

10

15

20

25

6=0 - the substrate and the layer are dielectric or little

a-r+rs= (-2, 61) 05 DECEMBER 2006)

+

" nodul e of t hep,i ighary portion pf theiy conpl ex index being
a6d vhereint fre= onith cosy laij‘ygd sbd 6,0 t he
0, \('n2

-no sinz Bo) n, nZ

- eQis smaller than 5, the gener aLecondi tions, bei n%hr %lflced

nz nzlihe present invention also concerns the characteristics w
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 n; and of the thickness e, of the
layer are within 2 % such that :
c=0

- the substrate and the layer are dielectric or little absorbent, the
module of the imaginary portion of their complex index being smaller than
0.01, the general conditions being reduced to the conditions :

nse4Cosf; = i+ ki
4 2

and

2

n +\/n22 cos® 8,(n’ —n’ sin’ G,)
n? =

2 2 2
n, +n; cos” 6,

with k integer and with an uncertainty of 2 % on the values of nyand e ;

- Bg is smaller than 5°, the general conditions being reduced to

2

2
1

1

2
2

+

S
ONH

n n
and

A A
niesco080; = =+ k=
1€1 4 2 5

with k integer and with an uncertainty of 2 % on the values of nyand ey ;



0z 25 and nlelcos9, =4 + k 2 wth k integer and with an0SDEIEMBER 006 2
% on the values of nl and el ; 05 DECEMBER 2006 5 - the support is intended
for use with annular incident illumnation with an angle of incidence eo
which is unique within 2.5; - the support is intended for use in incident
and convergent axial 5 illumnation with anh average angle of incidence 00
associated with its total angular opening A80 by the relation: coseo = cost
| OBo | 2 - the illumnation is nonochromatic or quasi-nonochromatic at the
wavel ength A; 10 - # hleeiduppdrhistintendedsfoa usewitmanoglanintidentdiumination with

pol ychromatic %tatﬁpgﬁ'gﬁ@%%?% wﬂcﬁiﬁﬁﬁﬁ&@\ﬁtﬂiﬁ § 2xerage wavel ength A

t he support belng se In e alr as a surroundi ng nedium 15
with eo = 30 and X= 589.3 nm the substrate is made of cadmumw th n2=

1.13-5.01j, the | ay?rth?%ﬂxﬁk%rﬁﬂs'iﬂﬂ#?ﬂeﬂlfq? tisé ZnaiHtidéht —add &orivegé itoaRial -
the substrate and the layer have t~herﬁsi_P¢?C|f|_C|_t| es of the follow ng t?blﬁ
20 wherei n 1 BHEIRAtIQY With,an; AYRIA08 RN OftIRFideRES S ASERRiate), With it 1tR
conpl ex refraghgmarbpdﬁm Ahod hetHellesdtiont €, in the air as a surrounding
medium eo = 5 and X= 548 nm Substrate n2 3 A CGold 0.40 - 2.6" 1.70

694 Silver 0.13 - 3.44' 1.59 795 cdd84m cosfm829d2 - 0.95' 2.01 346 Nickel
1.76 - 3.2" 1.51 847 25 - eo is an average andl € of incidence equal to 20

and the substrate apﬂw illumination is monochromatic or quasi-monochromatic at the
wavelength A; |
10
- the illumination has a continuous wide spectrum or polychromatic with
maximum span 0.3 A around its average wavelength A;

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

es= 1084 Angstréms;

- the substrate and the layer have the specificities of the following table
20 wherein nq and eq are the index and the thickness of the layer, n, the complex
refraction index of the substrate, in the air as a surrounding medium, 6y = 5°

and A= 540 nm
Substrate ny ny es(A)
Gold 040-26j [1.70 |694
Silver 0.13-3.44j |1.59 [795
Aluminium 0.92 —0.95j |2.01 346
Nickel 1.76 - 3.2 [1.51 847
25 - Bg is an average angle of incidence equal to 20° and the substrate and

the layer have the specificities of the following table wherein ny and eq are the
index and the thickness of the layer, n, the complex refraction index of the
substrate, in the air as a surrounding medium (3) and A= 540 nm



the | ayer have the specificities of the follow ng table wheO8§DECEMBERI2G6
are the index and the thickness of the layer, n2 the conplex refraction

i ndex of the substrate, in the air as a surroundi ng nmedium (3) and k= 540
nm 05 DECEMBER 2006 6 Substrate n2 nl ei(A) Gold 0.40 - 2.6" 1.64 739
Silver 0.13-3.44j 1.55 838 Aluminium0.926- 0.95 1.89 399 Nickel 1.76 -
3.23 1.48 890 - 60 is equal to 5 and the substrate and the | ayer have the
specificities of the foll owrgtable el—are the index and

t he thickness of the [|ayer Mpubstrat@ oenpl 6e.(8f facti on i ndex of
t he substrate, no the index 4Ry % 589.3 nm when

t he
the layer is nmade of cadm ungtra—@f(ﬁjd—%

\Ahnrn_L n
vwitcT-CT I 1

2 N2 th_e _
TG oung) N9 gpd!

1 and o1 Ar
L TATTO

oS TThe—ot Rhetr—edses Substrate n2
no nl el Gold 0.40 - 2.6 1,SBep. 42 4003 —o#4) |d.%H -|8386j (1.5 1.79 755
Silver 0.13 - 3.44' 1.33 2.28 . Sil - 1= 44 .512.7 412 Al um ni um
0.92 - 0.95" 1 1.89 399 N cA'.E'h@#@ d’gé,z(b%?g 499 113§7§2 Ni ckel 1.76 -

. [e)
3.2" 1.5 2.45 473 Cadni um 1. [I8ickelo1' |11.76 48.870 1.4&%dni89M 1./13-5. 01' 1. 33
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 1.33 2.02 640 Tin 1.48-5.25 1.5 2.33 548 Copper 1.04-2.59' 1 1.62
746 Copper 1.04-2.58p isieggalroXy’ and thesybirate and thegayen have thessperifigities
1.51-1.633 1 1opthefllowing table wherein nq and e are the index and the thickness of the

layer within 2 %, n, the complex refraction index of the substrate, ng the index
of the surrounding medium, A= 589.3 nm when the layer is made of cadmium
and A= 540 nm in the other cases

Substrate Ny No N4 e
Gold 0.40 — 2.6j 1.33 2.42 490
Gold 0.40 — 2.6/ 1.5 1.79 755
Silver 0.13 —3.44j 1.33 2.28 512
Silver 0.13-3.44j 1.5 2.7 412

Aluminium 0.92-0.95 1 1.89 399
Nickel 1.76 - 3.2j 1.33 2.1 572
Nickel 1.76 -3.2§ 1.5 2.45 473

Cadmium 1.13-5.01j 1 1.49 970

Cadmium 1.13-5.01j 1.33 2.05 684

Cadmium 1.13-5.01j 1.5 2.36 582

Tin 1.48-5.25j 1 1.48 899

Tin 1.48-5.25j 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)

1.51-1.63j 1.33 2.23 423

1.51-1.63j 1.5 2.72 305




(evaporated) 1.51-1.63" 1.33 2.23 423 1.51-1.63" 1.5 2.72 BDEEMEHIAEER
2006 7 - the paraneters defined by the clains 10 to 14 are kept with the
exception of the wavel ength X and of the thickness el of the layer 2 which
are nodified proportionally, j not being nodified. 5 The invention also
concerns an accessory intended for observing a preferably liquid sanple
formed of a Petri dish and of a support intended for receiving said sanple,
t he support being the bottomof this dish. The invention also concerns the
devi ces having the {dhéopamgetes definedtler th ictsms- 18 twevddcerd depbhvettr theng a
Sampl e | ncl udi ageaBlicpPll §8 waGERSHCE Snabr RUMNBkhed L FBCRL IE0Er 5 FATLH LY

sai d sanple an Ccrossed pV sers; - a device tor observing a sanp
including an opiddifidd Pidporas, _arhotwﬁmlédﬁtended for receiving said
sanpl e and two crossed polari sers&, 15 - a device for observing a sanple
including an optical mcroscope, a support intended for receiving said
sanpl e, a polariser_and a quarter-wave plate; - a device for observing a
sanpl e i ncldi ng anThpt invention e copeems anagecassory intandad dor rahsende@iasi ng
sai d sanpl e, F\ffb@iﬂl?ﬁ uﬂ”@.?]rﬁ PR iR YRy Petd UisH ahe: ofa%uﬁEMHQﬁtén@bd for

obser vi ng asa ptical mcrosco itted wt
differential iFeGaiYiegsaid aamelﬂnth%@vpm#)e@g thﬁptmtmpém's Aidsi bl e

enbodi nents, the invention will be described m)re 25 in detail with

reference to the appended draw n wher e a schematic .
representation of tﬁgeoBFY%ﬂf@r‘c rgﬁgm@é’FSW ntae g‘ﬁ%‘ﬂ'%ﬁ.% 5"% «Eﬁ@?""%ve
at the plam@r ichaercteristiceet ween two sem-infinite media O and 1; - Figure

2T o ePBEAEI 8 P B Sbog 4Rl AR U 5Bt icBicore. <
concerns is support intended for receiving said sample and two crossed polarisers;
- a device for observing a sample including an optical 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 sample, a polariser and a quarter-wave
plate;

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

20 plate;

- a device for observing a sample whereof the optical 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 1 is a schematic representation of the oblique transmission and
reflection of a planar wave at the planar interface between two semi-infinite
mediaO and 1;

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

30 invention.

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



presented, thereafter, in its context while using sinultane88NBCEMRER 2006
definitions 05 DECEMBER 2006 8 of the elenments involved and the associ at ed
devices with respect to which they should be situated. 1. Conventions: 5
The sign conventions adopted are those represented to Figure 1 and
described al so in the book of Azzam and Bashara entitled "ellipsonmetry and
polarised light", North-Holland, p 271. This figure represents the oblique
transm ssion and reflection of a planar wave at the planar interface .

bet ween two seaf therfelemeatsnisyolved and the assogiated deyices withrrespeet to,mihjch he

angl es of inciq.g}pﬁq]mbgfsitﬁg{é@cti on. p and s are respectively the
pol ari sations parallel and perpendicular to the plane of incidence. The

vector generated p x of the unit vectors along these axes is parallel to the
direction of prL@owwwentionsind oriented in the direction of the propagation.

15 11. Defipnitions: ., By."support” is nt, the ,associatio f S0l i
substrate 1I° of corrpITQ§ s'g'ﬁcf’p VSP“?Q&? pﬁ%ﬁegnarﬁztf@ﬁg '@Prﬁs%ﬂﬁﬁitﬂa:@% qur}gg at
| east one | ayedeg&crifed alsociknthesbedk ahdzadmcang |Bashaed remtitled fellipdemetry. anthi s
support is pla in UKL j j4m 3 of index no. 20 By "sanple" is
meant the asso@gg{'lsgﬂ?igp?t Ngﬂgaﬁr%gé@%@i'ng suppg&d g%d tof %hgﬂobj ect it
carries, said Shigfigurerepregentethebpliiquedransmission ecti@y of aipdanaravaven”
s meant a di fegineGidnaF iRBABEY BehAdert RIQ Y8R AflrfiR! MEHRIY anfl 1 !dland o, are
acqui siti o&eof ar;)glgtj glegﬁr 0 *% Sflg'gnil% y gt efctlfrgngorreana@)nc udi ng aty%
recordi ng Heévi Ees Welisheangree olgingienrgiangl olderaFeon.P Saqled@sSBec

geafnl;[ Ir In)s;(l gfvhgge %tb?ér'ris%zioﬁs C’@ér@]ﬂéloén& ?gpgwbmar Go Ctfkel péah@oépmdidérm& e{ﬁe gr
where the i mag¥ gt?) %ﬁées%%f% )IPS 5‘2@‘%@5'9 ‘%\&Bresr e@?ﬁ{,‘e?era?‘égtq?%@ﬁgﬁ‘gr IS
defined by thedirettisn ehprdpagatibn sindoriehlgd indBeatiraction fof ¢isé propargitibnci ents rp
and rs. "The standardised intensity"” of the inmage of a support or of a

sanpl e obtained by nmeans of an imagi ng device operating in reflection and
15 Il. Definitions:

e By "support" is meant the association of a solid substrate 1 of complex
index of refraction n, and of a coating including at least one layer 2 of
thickness e1 and of complex refraction index n4. This support is placed in a
surrounding medium 3 of index ny.

20 e By "sample” is meant the association of the object-carrying 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 camera, a CCD array or a

25 measuring device such as a detector (photovoltaic cell, photomultiplier) or a
matrix of detectors (array of photodiodes, CCD, ....) placed in a plane
where the image of the sample is formed.

o A perfectly reflecting support is defined by the relations

| = ] =1 (E1)
30 on its Fresnel coefficients r, and rs.

e "The standardised intensity” of the image of a support or of a sample
obtained by means of an imaging device operating in reflection and
including possibly one or several polarising elements and/or modifying the
polarisation of the light and collected by means of detection or of

rS




i ncl udi ng possibly one or several polarising el enents and/ ofSREGENBER2Q0 e
pol arisation of the light and coll ected by neans of detection or of 05

DECEMBER 2006 9 observation is defined by the ratio R=1 where | = 1(x, V)
designates the O intensity collected at one point (x, y) of the inage and
where to = lo(x, y) designates the mtens&y coll ected at one point (x, Yy)

of the image by the sane neans of detection or of observation adjusted
simlarly failing any 5 polariser and while usi{ag a perfectly reflecting

support. An "anghgBrasgon (LBEfieed DY thel dtideRi=ned wier8dv: ny, §) diesigmates the
coefficient of reflection on the set of its adjustable pararreters It

relates to the conditjon servat.i f. measur ene
Sleched 8

t |
antiglare suppor'f"t‘?rls Wy af pge Q:%'E?\?)f o‘f)e tthgrimagq ap |"(‘5'ﬂéﬁl?a ,OnT fox14) A
"contrast anplifgesighatespiber intérssityecolleetbds at bhat paiht (ybyjeot thehamage hyathe es

|5, Observed Wit b fecthashs HBASHIR IR oBteRBidh HuideiBlYshighy JHARG dny,

the object is a sensitivit
adj ust abl e par amaolenser amd Méhllalwg alp&rfmtéy reflactisgcaurnart.ons of observation

or of measur eﬁeﬁh "a'ntt |ate g?ARﬁ‘éﬁggbﬂl RlddfhddCab h?a\/}fg?' =] ﬁ'nﬁi#élfc}?é?ﬁ&l@ﬁtt ?f15

observed. Wen t nat re ect 1S not spec ect w
defined by def aufeflegion onHhg SqtI%'@faﬁwﬁtéklﬁéﬁameﬁ@fés{trrght?%}o H}ﬂ:ICQﬂ ifioNfex n

identical to thaps sissérbsu&%r af:me%fsurémeﬁpmqaém ant@ar@fsddwrnists@bhahat its
W, th t eobject I'l um nati on

formng the |ayer |nc

condi t?ons Th)é%@%(?@l”b@ i'aﬂ i$ Pil.umi nation" is convergent and with

radi al  syfgret & yAaicoHtidst i I HHe definbd &, thdethenebjeeb thit tecaanes |
below in the deSﬁ l_gtats)n pn@'mgisdp@omn .angl e B : ‘ 3 & ®
Pncr dence. par t ok Bheet S, icontraR: SRR e AR of sSTha: 4 PEvERd fBarlly g thes
rangi ng bet ween O6bject i9rmeagtred Wath ansehsitivity Innaderanarimat>oal the petssaésmes a
radial symetry g ﬁ.’:‘éﬂaq)l? y%??rﬂgf tlé) a s%%e@éf{v@at‘éq co‘?'rdlticﬂfs erpéi forl le‘he

deflned by a S|ng I nCi ence grees
"ani sot ropi c" uoﬁrmaasur@merﬁ lticsi marepyert melative rt@duthe egmt of, tae ebject

azi uths cfsis bhakeReadWhdrithe AXHFE!J Xhdlobiect %5 RBE Spédfibdetddtieltahll beand
finally ' teobllque | um nat1 on

defined by default as a thln film of thickness 1 Angstrém (A) and of index n
identical to that of the surface of the support, i.e. of the material forming the

layer 2 in contact with the object.

20 .. Nlumination 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 énax. The angles of incidence partaking of
the illumination cone are therefore all the angles ranging between 0 and Gp,.y.

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" illumination is
defined in that a radial symmetry of the azimuths ¢ is broken, but the
symmetry with respect to the axis kept, and finally "the oblique illumination" is

30 defined by a single angle of incidence #and 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 8, are also intended for
use with convergent axial illumination with an average angle of incidence 6y .



30 defined by a single angle of incidence Band a single azi S0EGEMBER 2

when specified, the illumnation will be considered as annular in the

remai nder of the description. However, the supports described for use under
annular illumnation with an angle of incidence 90 are also intended for

use with convergent axial illumnation witHOan average angle of incidence 90

05 DECEMBER 2006 10 When the illumnnation is convergent axial, by
"average angle" eo is neant the angle defined by the ci"rcl e separ at"i ng the
i |lum nating cone i Whew thedllumingligneis eenvergestgxial.y by uavemage angjsor 8o iiss

therefore intepgaghtfre a‘ﬂ@‘fe ggﬂﬁg& H’}lolﬂ\éeéi&%‘%et)ﬁ}é!i'ﬁb%bi ifmiNdtihgdEHE & two

openi ng AOO and centred on , where 00 1S e average,angle’o IPCI dence
ranging 0 and Aeks @é@i%@fﬁpet‘ﬁme-r\@“ﬁ-i-Bhec%@@@”:'scglé}?%? '("tff"tj{ﬁde O5) usegy
dgf aul ti' the CQhH@ﬂbbﬁg@r@_e?E iltdigi_nb}iaﬂiltwiﬂv Ee\hbalaramdit Jit: - Qﬁd]:dé{htl@fj o By,
observation_.is su sed, wi radi al s Ly aroun nQr e
surface, with WRETSBeds it qyer v AuoBotBfbas SaRGnd AR deed By ey
10 as the illum i i D i f the description. The
illumnation i Igﬁé{l{' ?ﬁ??cy‘.ch hey e kﬂg%@n means t hat IOa | i ght beam

partaking of the illumnation may ‘only interfere with itself. Under these
condi ti ons, th8ycdefaullyutheowsllectiarhoff themdighbrbyofthe hmeamagef metection axddefl i n
anplitude al on and o, And i )t o] i t set
o 15 angl o5 ofbReiAlth YR glBpb Vit ¥alRl o}fhBiny CarckfffThe ndfmefiio' B

i Ilum nation. SUHacerwihdhe sastg Upiatietanglp ofwelledtion er hmpspee epering @nglef

0. In the g@seagfthe AUNHALHOGR! iR tR PEABINGer bR ffeedés@iptheover functions of rp.
But the suppor opic,in the re

is. supposedly Isot i nder of the description
except ed when tf@ﬁe@*“ﬂ?'ggt.'o’?o'ssﬁﬁ?‘i'ad | yncohgeenty |\MWH§NW% gh%tuﬁp!iglétdl(f’?a%
nmonochronati c partekiag of MheOduninatioe , malre ohlygliitelfefsm wieh ngsetfenUnger ahese
wavel ength X I—bmg.xjer t he ugﬁf)rts d&sc i beq. forf S8 under t .
guasi - monochr offBEHEONE Lhr?i RAYBHteRs {Ch € M4 'qug?h R P98 U5 ibr‘?t @ﬂ%ee% % or
use with a whi aenplityle alongpmbgahr amhin intensityon thet sedrof bezens pec onuithe skt bhe
T um nati pi bah Al SeMcifMced Ml & tHiPakituth® W ebhRBRtiAG tBIha'illdRiHa%Bn.
The Fresnel coefficients r, and r; are complex functions of 6. 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-
monochromatic, the light beam being centred on a wavelength A. However,
the supports described for use under quasi-monochromatic illumination at the
wavelength A are also intended for use with a white light or polychromatic
illumination, the spectrum of the illumination being then centred on A.

25
IV. Conditions of polarisation
IV.1) Non-polarised light:
The standardised intensity Ryp is written:
1
30 Rwp = EQrpr +]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.



| V.1) Non-polarised light: The standardised intensity RNP i 95JPEGEMBER 2006
RNP= 2(rv12+lr,12) (E2) It is equal to 1 for a perfectly reflecting
support. The reflection coefficient of the support is defined by this
standardi sed intensity in non-polarised light. It depends on the
illumnation conditions. 05 DECEMBER 2006 1?1 IV.2) Polarised light: The
sanple is placed between a first and a second polarisers. In a preferred
enbodi nent and for the remai nder of the description, said polarisers wll
be consi dered B52) Palariseddight:sai d sanple is illunminated by a |ight beam 5

the beam traverses PReidamIBt isCalacBatBbtivBEN(a Mivét BRY A issebnMPAtnistati pg i ts
pol arisation, then after ipteracti

th th .. the Light. .
raverses t heP@ieisnd egodineaF andiier fier8rnalaciraabs desCaaliobdaid PoGHARER | on
$ﬁ| a][ i se{ . Eh‘”ﬂ' ts@@on@idgrécﬁ?'s finear. Whee sallﬁban?'ﬁlb i@dll@mimfed oy a zgtftlbm," 10

e I rs e secon gl arlrLsers 1.orm [ .an_angl e . . r.
The st andart st PREENSAVSRRsCPN; B fribothatiyfig &sCPaBRges whidfp dbRes fis 12,
) - c0s420 jr, pelarisatbor(,BBen after mterachon withdthe( €dmplel theRight Hean 2aversess 20
lrP 2 = R\P 4) . t i , |
firrst_r and secoﬁgcgg?(ﬁ% gé{a@sg?eﬁg%?'ﬁléqléﬁﬁel{qs r%gﬁg?'ﬂﬁflﬁ?ﬁ%ﬁérb%ﬁﬁ\sy??%ﬁ ©
41 P+r 12 =2RNPsecdr+pofarises)is the, asalysisapblarisen ofRiamglysert. pize firspnd| ther | 2
=RNP+41 T P-1 124 Ed bé) FiQé’rsF’fB%:tsgém%rrg@s%@gwgrrﬁodthéﬂf.' rst and second

pol ari sers are per?en I cular, i | | t reads: 4 R(M =4 jr, +r 12
(E7) 25 ofQ sim | afhg standarglised intensity R(¢) igwyritten; p-r 12 =RNP - 41rp_r, 12

(E8) 4 R(¢) = cos®p (|rp|2 +|r[*) - E‘lil’f 'rp +rs|2 (E3)
or, similarly:
4R() = %(lrpl2 )+ 8l _rl = Ryp+ 52 rrf (E4)
4 4
15
In the particular case where le first and second polarisers are parallel, it
reads:
2 2
4 R(0) = (|rp| + rslz) . %\r” +r,| =2Rnp- %|rp +7, 2 (E5)
or, similarly:
2 2 2
20 4R(0) = -%(lrpl +lr )+ %‘rp - =Rw+ 1, -r[ (E6)
In the particular case where the first and second polarisers are
perpendicular, i.e. crossed, it reads:
z)=1 2
4RZ)= g, +n]  ED
25
or, similarly:
_7;_ = l 2 2 - —_ 2 - - — 2
4R(Z) =3 (| +I[) Il =n| =Rwe %|rp n|  (E8)
In the particular case where both polarisers form together an angle %, it
30 reads:

4R(E) =S (b [ +1[)=Re (€9

rS



In the particular case where both polarisers formtogether 85DEGEMBER 2006
30 reads: 4R(4)="(IrPlz+Irl12)=RNP (E9) 05 DECEMBER 2006 12 Thus, the
standardi sed intensity nay be nodul ated around its average value RvVP with
an anplitude 16 Irp r, 12 by relative rotation of the analyser and of the
illumnation polariser. 5 1f one considersl®+ rp +r, | zand R4 r-r 1Z
Then: 4R(O = 2RNpcos20 - R+c0s20 = RNP + R-c0s20 = R+ + 2R c0s20 (E3-E4
bis) 10 4R(O = 2RNP - R+ = RNP + if (E5-E6 bis) 4 R(2) = R+t = RNP - R
(E7-E8 bis) The support of the invention is intended for use between a first
and a second 15TRiSERA sBHAHHBEA SinteHifty| mat bOaRBHLREEIQITbuRd it @varHYROT t
is therefore pol ar psed. V. Antiglare supporfs and coatings 20 V.1)

Non- pol ari sed Yalgat ™t with RAGAPtHde ]hﬁpor’&'p&}’aﬁeiajé’@ rotafian ohtheaahalyser e
support (AR) placed "in a surrounding di um of index no exhibits a
coefficient RNEnadwf the illemimatiimpotariSére i deal anti gl are support, which
verifies = 0 .may only be _obtagined for ingle angl e of incidence oo =
0 and may ohly b'éopéeﬁqnss Bra 25 |§vu'b§1Jr§?€Ri ofg Fna 'n2 different of no
where n2 is the conplex refraction index of the substrate 1, only by

appl yi ng a singl EN@&yer 2 of optical thickness 4 and of optical index nl so
that: ni = none {Rif)= 0a0sBgi-NB 82 HOPIRNEAH RBESXH &f R he 2RedsP(ESEA um
The opti cal thgi(étness 4 nmeans that the physical thickness el of the |ayer 2

is linked with e wavel ength A of the |ight beamenabling the illum nation
and 05 DECEMBER 2006 13 with the direction B, of said beamw th respect to
t he nor rral1d o the surface 4R(0) = 2Rp — R'=Rw+R (E5-E6 bis)

4 R(% )=R'=Rw-R  (E7-E8 bis)

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

V. Antiglare supports and coatings

20 V.1) Non-polarised light.

It is known that in non-polarised light, an antiglare support (AR) placed
in a surrounding medium of index ny exhibits a coefficient Ryr which is
minimum. The ideal antiglare support, which verifies Ryp = 0 may only be
obtained for a single angle of incidence 6, = 0 and may only be realised on a

25 substrate 1 of index n; different of ny, where n; is the complex refraction index

of the substrate 1, only by applying a single layer 2 of optical thickness —Zl and

of optical index ny so that:
N1 = nen, (E10)

30 npbeing the optical index of the incident medium.

The optical thickness 4 means that the physical thickness e of the layer 2

4
is linked with the wavelength A of the light beam enabling the illumination and



after refraction in the layer 2, or refracted angle of inci 88MECEMBER 206
relation: n,e,cosB, =4 +tk 2 (El 1) 5 with k integer and coso, = 1-1 n0O n
JZ sin200 . i In the case considered, this relation is therefore reduced
to: n,e, =4 +k 2 (EIl bis) Let us remnd_that the refracted angle B, is

| inked with the incident angle 00 on 10 th support by the Snell relation:
n, sino, = nosinBo where no is the optical index of the inci dent medi um
Slmlarly, we have n2sin82 = nosinBo. Let us rem'cgq %hat SILé] + =
L in all ihe maihaheidirestian foal SAA beardrwih resRactriashe permaldosinsydh TR
whi ch are i deahftdtitefrathiohiih theelayeng| o nefraicted aﬁgrwm@m@nd:e Avyothetreldtiba: angl e
of incidence 00 of the incident |ight beam % supEorts are obtai ned by
mul til ayer stacks called anti-refl e’@teh@?ﬁ*%r'e ?‘[ A1hn enbodi nent,
these treatnments are used for elimnating the reflections on spectacle

gl asses or for elimnating the spurious Iight generated by the reflections
on the dioptres of the optical sys 2 There exi st however other cases
where the sBippaiths iftegerang cM,ewc\]iWF smre efficient, are sought after,
for exanple, for preparing transm rf'l arrow pass-band interferential

filters. V.2) Polarisgg ééé@&or?nﬁlfﬁ@éa]‘r%tﬁné‘ aﬁtﬂ‘?‘fs' EFefo@QréDoQ}cedzté The

i nvention concerns supports Si are supports, but intended

for use in polarised light. They di hfer= t| gl afEd 1shigports by their
conposition and by their optical properti shaII designate it as
"AR-Pol ". These new supports form a set vvhr ch even wider and nore

diversified ap the co en i re.s onts nd ntervene as
accessories oril gﬁs &m féft’%‘?‘r(ﬁrﬁag%ué ﬁgﬁﬁﬁﬁg‘" e'{)gﬁég'{ armle gos°ét is
the first drmr ethe sﬂpndTEbprtlmesSrm‘ellrrelaaom o48in &y t= pgsrrs@gbmgedmdsithne]bfhcalrlmx
correspondi ng y re: 0 reof .me s ere
a few exarrpl esBPlgg%%ﬁifqgﬁﬁ me@@r&&wﬁ%g%b?ﬁ%s esi dﬁl\g{?%dL%sbs Xﬂ“fmp
Y-Pol-( )-( ).that'sinrecesithe kimcaletheimediar ackets represent the additional
preci sions enabling to define it.

In practice, it is often preferable to use supports AR which are ideal but
15 little sensitive to the wavelength 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
eliminating the reflections on spectacle glasses or for eliminating the spurious
light generated by the reflections on the dioptres of the optical systems.
20 There exist however other cases where the supports AR, more
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”

25 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

30 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



From equations E2 to E9 can be derived the followi ng order #2DEGEYBER 2006
R(2)< RO (11) For any 0, and: 4R(2) _ 4R(4)=RNP_ 4R(0) (12) 10 As shown by
the inequalities 11 and 12, the standardised intensity of the imge of a
support or of an isotropic sanple is always snaller between two crossed

pol ari sers than for any other relative oridtation of the polarisers and in
t he absence of polariser. 15 V.3) Polarising mcroscope: As it is known, the
extinction coefficient C. of a polarising mcroscope, is one of its

i mport ant t ecHai designat@da@ser ARH( oF20lt(t tupt. al whepe e sweressive braskets e.

In the case ofrg réseédtﬂ?ébeameﬁsr@gc%%rg &ﬁémfﬁgrts,déﬁheiiﬁ defined as the

ratio of the intensities reflect perfectl

t reflectin upport placed
on the 20 one hand feMeawations Egttogéﬁad‘ g%@éﬁﬂe%m%&g'@“‘&ﬂ gfds%ég?t'aﬁ on
the other hand, between a first and a second parallel polarisers, i.e.: Ce
=107 )) (E14) 25 The exam nation of the equations E5 and E7 shows that the
definitiond of the perfectly reflecti né?(gb%@(tﬁ) gi veﬁ”%y the equations El is
not sufficient since the intensity collécted 1(0) depends on the relative
phases of both Fresnel coefficients r,, and rs through their sum As the
pur pose of the,:o'eg,w ?c];a'hep coefficient is to characterise the m croscope
properly speaking, it'l's 30 necessary to introduce nore precision in the
definition of the perfectly rdfRe&t)ihg R(vpparRvadiAR{0xonsi dB2) ng either the
virtual condition rp =rs =1, or “the conflition r, = -rs =1. The first
condition not being physically realistic, it is therefore elimnated to

keep onl e secon I : [ P . 5rs
forpan axgﬂog of inC/?%gﬁ@gﬁ%hﬁgﬂ?ﬁ%ﬁ#ﬂ@%ﬁgﬁl% %ee g@%@é%%ﬁ%ﬁ%@ tQ%O,
whi ch enabl es imagesebei sipporher ebenf iseirepic saxmplegistaiwale snarllar batwees dvwipe.
Ve defi th . ) Al _ _ _

erine the %ﬁééﬂ gﬁpl%frls@?é H?%ef‘d?eérfy Gl'hgméqlgf:lve% ?g?ﬁ(@g?fggﬁfrfﬁg pOlarfidt®s and

m croscope and the s e as the ratrio:
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
ratio of the intensities reflected by a perfectly reflecting support placed on the

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

Ce = —.I"(%) (E14)

1,(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 collected /(¢) depends on the relative phases of both
Fresnel coefficients r, and rs 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, or
the condition r, = -rs =1. The first condition not being physically realistic, it is
therefore eliminated to keep only the second. Moreover, one always has r, = -



t he sanpl e bei
polarising mc

ng at |east fornmed of a support. For a refl ec0f BECEYERER 2009

roscope, the value of C, is 10 derived directly fromthe

equations E6 and E8: RNP-4lror. I' _ RNP -R (E16) Cu RNP +r -rs |2 RNP+R+

2 Wiich al so

reads: 15 41P+rs~~ R+ CU 1 + (E16 bis), 2RNP-4lrP+rslz RNP -R

since: 20 RNP=4l v+r 12+IrPr.12 =R++R' (ElBter) Maxinisation of the
extinction coefficient: The ideal antiglare support corresponds to RNP =

According to t

he equation E2, this inplies simultaneously rP = 0 and rs

0, and t her ef ofsdoRan)angle of incCideges of dle light beamyan the supgortrise thakar 0.
extinction coehichi éitbléstoaésatiitennd codffitidr® TEeE 0 t@’tﬁeﬁ@daltrﬁi%ms?ﬁ_e. ]
BC
n ¥h@e

ext ensi on, def
enables to inc
foll ow ng disc

extinction coefficient Cuis

To inprove t
it is this rat
crossed pol ari

10

15

20

25

WS 1tk el eofintid 1¢nstioglh 1 e Selporee

microscopehandtie sgmipte dtheeratiat i on E16 bis, the useful

0.

+r 2 an increasing function of the ratio Ir r

he extinction RNP 5 coefficiéy),v and therefore to reduce it,
I
2

i o which should be mnini m'_sé

Y- C,= —~=
sers AR- X- Pol u 10)

the sample being at least formed of a support.
For a reflection-operating polarising microscope, the value of C, is
derived directly from the equations E6 and ES8:

R 1Ir 2 ’
v~ T R, —R
us ‘11 : 2=RNP R* (E19)
+
Ryp +erp —F, NP
Which also reads:
1 2
Z|rp +rs R+ )
C,= = - (E16 bis),

Ry, — R

1 2
2R, — Z\rp +7,

since:

RNP=%\rp+rs|2 + %Irp—rsr =R'+R (E16 ter)

Maximisation of the extinction coefficient:

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

C,= limo Cu (E17),

Ryp—

. Antigl are supports between
(Eg15) PP



We shall define the fanily of the supports AR X-Pol as the 02BEGEMBER 206
ri 2 10 supports for which the ratio Ir+ ' 5 is made mniml, which
represents a rule RNP for designing said support. Simlarly, we shall give
the followi ng functional definition: it is the famly of the supports which
optim se the useful extinction coeffici entl®f the set [ m croscope +
support] for an ideal polarising mcroscope 15 The ideal supports AR-X-Pol
are obtained when this mninumvalue is. nil. They are therefore given by
the condition which engblegdp| inghidenthe: liait casei %thﬁal%ab@nt@&ar@hwnwbm ﬁ"e

whi ch enabl es fflowirk a@f;ggggﬁ a given substrate 1 in a support AR-X-Pol.

VI A) Supports AR-X- SD-.1D0 These su rres nd to,.the c re the
material s used fo?‘ FF@"QJB Pa?%‘ai'oﬁrq@% Itl?és ﬁg a‘?’g' Hﬂnft??g'scﬂ%’m]s i ch
nmeans that the nodulus of the inmaginary porplpp of their index is smaller

than 0.01. Thearxproesasiog functipnaofl thd fatio a-‘sekid. dfo opiproa¢ ihedextintion
covered with a 25 single layer 2 of index nlfamd of thickness el in a

Surreund, s e By G n 0Bk, RN Oty P TR whicl i B

and pol ari sed Migimised.Nor t h- Hol | and 1987], with: either m=s, or m= p,

according to the pol arisation consi dered and with 30 ~~ = 2)7n,e, cos01
(E18) 05 DECEMBER 2006 17 z where cos 01 = - %l' sj ne E Thi s equation
enabl es to rea¥l- Antiglare supparts between cressad pe@rss S ARKPOL. (1+rm

ri2(P)e( Zia.) ) (! +wd shall definethe famiy 6£h@)supports AR-X-Pol as the family of the

2
|I‘p +rs|

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.

15 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 substrate 1 in a support AR-X-Pol.

10 supports for which the ratio is made minimal, which represents a rule

20 VI.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 rs for a solid of optical index n, covered with a
25 single layer 2 of index ns and of thickness ey in a surrounding medium of index
ny is conventionally given by:
(-2J8)

_ Tomy Tham€
I'm*=

. (E17)
1+ ro1(m)r12(m)e(_21ﬂl)

[ Azzam and Bashara, “ellipsometry and polarised light”, North-Holland, 1987],
with: either m = s, or m = p, according to the polarisation considered and with:
30
2m,e, cos O,

Br= 7

(E18)



(n) X ) where o;,j and nt, represent respectively the sum QADRCEMBEROHY of
the Fresnel coefficients: _ nicosB; - n;cosej (E20) r,(P) 1 ni cos O +
ni cos O 10 and n;cosB;-nicos9 rri(51= (E21) n, cos 0, + ni cos 8 VIA-1)
| deal supports AR- X-Pol - SD-1D These supports are obtained when a= 0 (El 9
bis) 15 Contrary to the condition [RNP = O}, which defines the ideal
conventional antiglare supports, the condition o- = 0 is always verified in
normal incidence. The cases wherein this condition is also verified for a
non-zero angle of incidence wll be exani ned bel ow. The materials

consi dered being dielectric or qu ic, r#(p) and 20 ru(s) are
real, and therefore g# and al'hez i tuation sought after
corresponds t her ef or'¥N§'8 GoR 1cas é is real, which inplies,

either. 2,61 = (2k + 1);r (E22) 281 2kz(E23) with k integer,
i.e. either: nlel coBlSi$eqlatioR eilabtém)) redd: 05 DECEMBER 2006 18 or: n, e, cos8
= k 2 (E25) 5 The condition E24 is identical to the condition E11 which is
one of the relations defining the conventi onal( z%tl gl are_sppports. One has
t herefore 5 Oy +0,(1+7my)e +0 7y, (E19)

o=yt =
' (=2jB1) (=2jBy)
(+rpy Krppme 7+ Tgmhawe )

where g and = represent respectively the sum and the product of the Fresnel

coefficients:
o= n;cosf; —n, cosd; (E20)
1Py n;cosf; +n,cosd;
10 and

n;cos@; —n;cosd; (E21)
Tits) =
7 n;cos6, +n; cosf;

VI.1-1) Ideal supports AR- X-Pol- SD-1D
These supports are obtained when =0 (E19 bis)
15 Contrary to the condition [Rye = 0] which defines the ideal conventional
antiglare supports, the condition o = 0 is always verified in normal incidence.
The cases wherein this condition is also verified for a non-zero angle of
incidence will be examined below.
The materials considered being dielectric or quasi-dielectric, ;) and
20 s are real, and therefore o7 and 7z; are real. The situation sought after

corresponds therefore to the case where e'zjﬂ t is real, which implies, either:

28, =(2k + )z (E22)
or:
25 28,=2kz  (E23)

with k integer, i.e. either:

n1e:c086; = %+ k% (E24)

30



e2'a, = 1. Looking for solutions of the equation (E19 bis) 08DESEYHER 3006
solving the equations: 10 O07o0i (1 +;T12)-QL2(1+901)=0 (E26) and: (7010 +
)Trz) + 612(1 + )Tof) = 0 (E27) It should be noted ck = cos2Ck and sk =sin 2
Gk for all the nedia. 15 Let us remnd the Snell relation: nksinCk =
nosin8o It is easy to establish: 2n.nj(c?l&2) (E28) n.n
(c?+ci)+c.cj(n?+nj) 20 and: 2n.n.(c; +cj) 1 + (E29) n.n (C

+c, ) +c.c, (n2+n2) hence: _ (c, - c¢; ) (E30) 1 +7[Y (c? + cj ) 25 The
equation E26 i®:thus reduced to: 0002 = c; (E31) which reads then: 30
2npn2-nl(no+r6) _(npn22 -n4)sin201 (E32) 05 DECEMBER 2006 19 This equation
may be solved without any difficulty with respegi to each of its
parameters. It is never satisfied mﬁthhaﬂmﬁﬁwedﬁgonﬂf2éhtiglare support. In
the case where the angle of incidence is very sn@ll, this conditionis 5
reduced to: 2 =1+ 1 (E33) 2 2 2

5 The condition E24 is identical to the condition E11 which is one of the
relations defining the conventional antiglare supports. One has therefore

e-zi,Bl = 11. Looking for solutions of the equation (E19 bis) is reduced to

solving the equations:

10 oo1(1 + 712) - o92(1 + mp1) =0 (E26)
and:
0'01(1 + 7[12) + 0'12(1 + 7Z'o1) =0 (E27)

It should be noted ¢} = cos6 and s? = sin®g, for all the media.

15
Let us remind the Snell relation: ngsiné = nesiné,
It is easy to establish:
2n.n.(c? -c?
0j = P 121(‘ j)z 2 (E28)
mn;(c; +c;)+c.c;(n; +nj)
20
and:
2n.n.(c? +c?
1+ m= 5 '21(' 1)2 5 (E29)
nn;(c; +c;)+cic;(n; +nj)
hence:
o; _ (ci—c))
= (E30)
l+7m; (¢} +c})
25 The equation E26 is thus reduced to:

coc2=¢¢ (E31)
which reads then:

30 2m n - mt(n3 + ng)=(m n} - nf)sin’6; (E32)



n, no n2 The coupl e of equations E25 and E27 has no sol uti oASTFCEMBER20GE:: h
formul as E24 and E32 (or simlarly E35 bis) define the famly of 10 ideal
supports AR-X-Pol -SD-ID for a random angl e of incidence defined
indifferently by its value Bo in the surrounding nedium (3) or by its
refracted value 01 in the layer (2) and allo for a conver gent axi al
illumnation defined by an average refracted angle <G >. Both fornmulas E24
and E33 define the sub-fam |y of ideal supports AR 15 X-Pol-SD-1 D for an
optical instrument Wisrequatiganmaxbe selvad vathouh ap¥idifiiedlty yitharespeetler @arh

angl e of inci dgf]i@@ QfarfRéteps t h a convergent axial ill um nation with small
openi ng and defi ned b a ract ed an Properties of the
equati ons E32 and Eﬁgaﬁ\ﬂe%ﬁ§ggaéﬁ‘|§b§mﬂ?ﬁt Laoﬁ 9IRERBURPOS, n2, n1 and
sing, = "- si nQ0 armn@casmiwnemim angle ofrincidenté iis eent smabnthiglesnditien is

reduced var @s (no and y = (o no to no describe all the situations.
The equati U[Cﬁgnt becones: 25 x2 (y+ca)- 2xy+yso =0 (E34) whereof the
solutions are given by i) the solutio i +X___Y+CO é@?é SO (E35) y+co 30
wh| ch can al so read: 05 DECEMBER 2006 n20 n2 + nj2 cog (n2 -no sing 9p) n;
= (E35bis) n 2 2 +n 2 cos2 00 ii) the 'solutions in jr. 22Y _ cx (E36) 2
co -(x-1)2
The couple of equations E25 and E27 has no solution forng  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 6, in the surrounding medium (3) or by its refracted
value @;in the layer (2) and also for a convergent axial illumination defined by
an average refracted angle <64>.
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 <é;>.

Properties of the equations E32 and E33 and consequences:

20 The 4 variables ng, ny, ny and sing; = %o singp are not independent. It
n,

2 2
suffices to consider the reduced variables x = (n—‘) and y = ["_2) to
n, n,

describe all the situations.
The equation E32 then becomes:

25 X(y+cd)-2xy+ysi =0 (E34)

whereof the solutions are given by

i) the solutions in x:
+ _ o2
_ ytay(r-s3) (E35)

y+es

30
which can also read:



iii) the solutions in Bo : 2 _ Y(x-1)2 n2(n2 -n2)2 2 5 co 285 DECEMBER 20867)
y X no(non2 -ni ) iv) the variation of x with the angle of incidence Bo:

si n2002y( x-1) (y-x) =-si n26o2non2(n2 i -n2 o0)(n2 2 -no) d® (y-x2)2 (no n2 -n,
)2 (E38) 10 which shows that the optimal index ni of the |ayer 2 decreases
when the angle of incidence increases. Fo2Osnal| incidences, the evolution
of ni with Bo is described by the approximation: x 2y (Y-1)2 B2 2n2 (E39)

(1+y) 4y(y+l) (no+n2) 15 i.e.: 2 2 222 22npn2 n2 -no Bp (E40)
(no + n2)  n2 + n2) 2 2 2 which skiowgnages s (Matnotsie’ Gpt i m?T]—lE Lndex decreases
when the angle of incidence f’nc‘reases.nzgnzlgdssgdependence BIEL shal | er as
y is close to 1. Still, for a perfect m%roscope®(Ce = 0), the useful
extinction coefif e RMitiodsSingsWways nil in normal incidence (Cu = 0). An

optim sed support AR-X-PCL for a non-zero angle, for exanple of the order
of 20 degrees, is optimal for worki nq,yitrfogt correspcmgy@yg annul ar 25
iI'lumination. But noreover, since it “engples-1)3 obtain Cu = 0 sinultaneously
for a zero incidence and for a non-zero Incidence, it enables to keep an
excel | ent usefiiitheeselutions onfdgcoef fi ci ent on the set of the opening cone of a
convergent axial illumnation, fror’51,(gg_t1§)2 SOndggr_e,%§2for i nstance. This
constitutessa 05 DECEMBER 2006 @2 =¢ eeF > age (&EB87)he coatings
AR- X- POL on the conventional antigl d’r'excoat’?orqu"szﬂl kIl the appl i cati ons of

the antiglare R/')]?f?eo\rléﬁat?oon”gfa)t( iwlﬂheihe angle of incidence &

2 2 2N2 2
2n, "3 (ny —ny)(ny —ny)

dx =-sin2602y(x_1)(2y2_x)=-sin260 102
90 (y—x7) (n0n2 —n1)

(E38)

10  which shows that the optimal index n4 of the layer 2 decreases when the angle
of incidence increases.
For small incidences, the evolution of ny with 8, is described by the

approximation:
-2 2
2y (1 07D galo_2m (g
A+y){ 4(+) (ny +ny)

15

(ng +m;) n; + g

pp M ["22 wéT% (E40)
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 simultaneously 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



with the use of a polarised light. This flexibility on the @HEESEMBER 2006
i nci dence translates by an analogue 5 flexibility on the wavel ength of the

smal |l incidence illumnation. Indeed, by logarithmc differentiation of the
equation E24 for instance, we obtain: -tan(B)AO0l= which shows that a
variation in wavel ength as high as 30%wi tBlan annular 10 illumination is
equi val ent to an opening of 30 degrees on a convergent illumnation with a

fixed wavel ength. This variation in wavel ength covers the whole visible
spect r um ar oundorsiderables spawantage oof the eeatingsr AR-XPOL @ssithebeenventienpl oi t

the col ouring sﬁ{]@ﬁﬁécwﬂ‘n sdﬁir]‘?éiltﬂh%rhdb!kaﬁér‘?s'sof tHEe aHfGard s@ﬁpé‘ﬁé‘%ﬁfpatlble

illumnation wt 5 1.ncidence enables™to bring high
sensitivity toW HéhWGI‘%ﬁg‘PWa”m igifoports and coatings AR X-Pol are

t Pe{ ﬁf 0[ € par t2| cul a"rbfé ﬂ@ﬂbﬂlt Qﬁ'ﬁ'm dr@le Wi Efcidenvbi frandlatelt by Téh? dﬂ@ﬂtﬁjﬂ
(0] e a |S J er at e r
Cher oo Y ARl BhuTHe, WavaBBalhof hes siaal iRciance rs'l}"n@a? indir hy

equati ons E32 mnﬁﬂﬁio&nﬁenanm%nlotﬂ‘ie equatmrﬁlﬁmmlnmnsesmmtalhat sai d
| ayer 2 possesses the sane properties as the light reflecting fromthe

smal | index nmediumto the high index mediumor fro he high index medi um
to the mall index medium Thus, one may _Qéh@ Wpsb the reflection of a
pol arised |light when the 25 substrate 1 is e endof an optical fibre, or

bl ad th t
Feversed i or oL, el S ariatOhi Ws\le SATAS RIb. AP SO, Apidhnitiar
t hree indites (Ilumma.tloranal em;nvaieet |tap@r3efapenlngo¢fst3ﬁ)adﬁgtee8t ] asgonvergﬁntn of
H with respect i tifatidrs vJ‘tﬂta’TI)Jed' \fva\t/é]@n NefiHid ergho’c?n '|r§ vgée?fgtéf‘g)h fdo%@rs tHt

this mni mum exi sts neverthel ess and co espon s to the Ssi b
extinction takwhgla weibiepRestaimiaround § HeSSHM:.. 05 DECEMBER 2006 22 The

best possible extingt 'o‘hntl"féebbﬁﬁ‘arycrlP%@@si@é‘ﬂ)lérlos@R?Ioitsthbhéélouﬂi@? %ﬁlﬁ!ﬂs tft‘y!r
seeking the m or sim’lar

Wi 03 ang mi OefoBaR pipbSEse it ¥k, i BRBUeE iIumington WaBoEGh B8aiRaat

15 incidence enables to bring high sensitivity to the wavelength.
The supports and coatings AR-X-Pol are therefore particularly
advantageous for uses in white light.
The index n; of the layer 2 is intermediate between 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 ng 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.

VI1.1-2) Approximate supports AR-Pol-X-SD-1D
When the three indices (ng, ny and ny) are imposed or constrained, the
30  minimum of ]d with respect to e4 is not nil if the condition E32 is not verified,
but this minimum exists nevertheless and corresponds to the best possible
extinction taking the constraints into account.



Let us assume z =e-2j)6- = cos2/i, - jsin2/3i. The expressi &8 DECBMBER 2006y
the 5 equation E19 is the ratio of 2 polynomals of degree 2 in z. Since |~
= 1, the square of the nodulus of each of these polynom als only contains
constant terns, cos2/3i ternms and cos48i ternms. The derivate of their ratio
is therefore proportional to sin2/3i. The2@lutions of sin2li =0 are
therefore solutions of the equation dic 2 = 0. One finds therefore the
solutions given by the dj6l 10 equations E24 and E25. Thus, even when the
conditions E32 or E3Rearbeshopossiblei ektiectjiororteetwagnoprissede poarisens clsndbigs of

the layer 2 10o8pfihed DY ddekirktPiehinifkim BFt]cﬂg@r%ﬂﬁﬂéﬂlyﬁtr%tofg&E‘%rw% respect

pol ari si ng m croscope, and this optinum val corresponds Her to a | ayer
2 " at 4", or téesaMithy@rard h, fted? this abBoufits 29 Idaikinmpfdrst Vi Xestmct 1o p¢ shal |

descri be here rul es for buiy por t - X-Pol forned, of a solid
substrate | i@faa B & gl s T S B isinahe  Be P stalber iyeh BY s
support, th I t i pt i4C
i ndi ces coms;l exes t(lgp'?)sE?lryj Symgbﬂggrsbdgﬁzt]b h?éibgb(; VI~ Sé%/mcg n%éJgpor1t gﬁe
AR- X- Pol - 1 AmorguaRese thé hﬂodlﬂeelofseawpbt ﬂwe‘s@rptblbﬁom‘w‘s&)rﬂp cohtaind tcahstmt

when a = 0, where the nt|t t he e E19. wh e lis
linked with tKMHdio 05281 g Had g é%ig‘?{ é'heo‘ge”%g dhels Tt Fgﬁ%ﬁ 3‘%
i nked with th@ro;ﬂﬁ'tlﬁnall o sielg#y.i Bhe esnoiwtmntecbftanﬁﬁe cbraoe dRefaforet solntiond loé
equation: 4701 + 612(1 + 24 ll)z + aol ;rr2z2 0 (E19 ter) 30 al ways has 2

solutions z, a accqt dj éhtﬁ f Ssolufon t ich
are expr essed :ﬁge?%gatl on thecqzoe |cﬁgntstoeo§Féjjb§2 ¢ ? éngc(ﬁ bé’ Hé
thenselves in relation to the three indices no, nl, n2 an d to the angle 0Oo.

05 DECENBERD 20@quations F4nand G0 T, BYem AR e Sontitions & 32 3o a0 nof s
the sole acceptséhéﬁ%d 'drfe n@&%;ﬂﬁﬁh@ﬂhé "tﬁl@ﬁl'\é’ésa& ﬂ’l\é a éﬁQQb'dﬁlln"[@é Qﬁb qgéfdl‘es
digitally the fa 0 .1 deal 81% AR; X- P -1 This fa lé'n

del'i neat ed by oot tigiens trdler 3B FSBOIGBRTRe Al t@adﬁm value

AR- X- Pol - 1. corresponds either to a Iayer 2"at £ 70r to alayer2” at 4 5"

15 VI.2) 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
VI.2-1) Ideal supports AR-X-Pol-1
Among these, the ideal supports for the angle &, are obtained when ¢ =
0, where the quantity ¢ is given by the equation E19, where g is linked with
the angle 6; by the relation E18, &, 6; and &, being always linked with the
25 Snell relation extended to the complex functions.

The equation:
oo1 t+ 0'12(1 + 7Z01)Z + 0'0172'1222 =0 (E19 ter)

30 always has 2 solutions z; and z, arranged according to their modulus,
|,|<|z,| . which are expressed in relation to the coefficients oos, 772, 71 and

712 themselves in relation to the three indices ng, n4, n; and to the angle 6.



When the three indices are inposed or constrained and one oOSIRGEMBER 2@06st
is conplex, the mnimmof Jul with respect to e, is not zero any |longer if
the condition E42 is not verified by the solution of smaller nodulus of the
equation E19ter, but it exists nevertheless since Jul is a quasi-periodic 10
function of e,. By "quasi-periodic" is nmeadB here that n, being conplex, the
nodul us of a-4'31 is danpened when e, increases. The best possi bl e
extinction coefficient taking the constraints into account is obtained by

| ooki ng for th&heimeédium dfnatbeifganylifyingrthe sdiutioro; isuthie) soleiaceeptabisedts t o

e . At B and g, bLyg tl’éltl]é e%”B "t Feiafl h%bﬂgdéfﬁfes tﬁ@sfﬁ I oflﬁﬁeto
e o o B Ty oA v o

general i sation of the equatl on E18. 20 VI 2 3) | deal di el ectrl c coating on

absorbent support. A useful particular case is that where only the support
i s absorberfi, Vha-2)iAppreximate suppertscAR¥%HRal-*.enai ning real. Then /3, is

real, and Jul is a Wérpﬁiecthréé'ﬂfél ?R;H posed?or stl%?h& éné’lﬁ'we 6f]t%eﬁ{§t

conplex ezp' s pot re ness at es

therefore gi velPa§y!s GPrap 65&9 RIdgOUM QE[‘( FRRPEC {q Rei Izieé%ta”éfﬂo'?g?é if

| ut 0
gener al i ses t npndiR.E42 15 8 vesliod B o FMlon, of ST IbUBs ot the . 4
absorb, the co&gu nare date but fit exists r@eﬁer&\e&ﬁ&/émqeorkqf ianai guasiesiofia ng,
not only i ndex,, but_ al,so

by LLhick MBER 200 \/ I
| deal cont{%st LHWHPW% ?@ﬁp‘ﬂ)‘ﬂﬁ‘%@eﬁﬁ’a'c\n'gﬁﬁ?{’] |ﬁ%fet ﬁ@lPE cigg Cé"@'?'ﬁﬁyﬁ‘
obj ect havi ng triveluluy of astdlampénddnvheﬂ\e@afitreasééae surface of the support,

it is advisable to e te |
col l ected on the oniﬁgaﬁéémsggt 'ﬁe éoe?ﬁ(%ﬁ!‘\% RS Hé Qﬁ‘ 'Jaﬁﬁs into
account is obtained by Iookmg fort e minimum of (or similarly that of |0'| )
with respect to es. At 6; and ny fixed, this amounts to looking for it with respect
15 to the complex quantity £;, which may be done numerically.
The thickness ey is then given by the equation:

e = _ M (E43)
271'ln1 cos 6, l
which is a generalisation of the equation E18.
20
VI.2- 3) Ideal dielectric coating on absorbent support.

A useful particular case is that where only the support is absorbent, the
indices of the other media remaining real. Then g, is real, and Ial is a periodic

function of f;.

25 But as o012 and 712 are complex, €% is not real. The optimal thickness which
negates la[ is therefore given by:

n1€4Cosb; = e; + k% (E44)
where the smallest of the solutions e, is not equal to % nor to % any longer.

This equation generalises the equations E24 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.



on the other hand while observing the bare surface of the sOSNEGEMBER & h
are noted IF and Is (or simlarly 1(F) and I1(S)). These intensities are
proportional to the corresponding standardised intensities. The contrast of
the edge of the filmis given by the followng relation: 10 Cf=1F Is (E50)
IF -1S |1 IF and I's being positive, Cf is a2$trictly increasing function of
the ratio F. |Is To visualise the filmcorrectly, I1Cll should be maxi m sed
and therefore the ratio |IF should be made maximal (Is 0, to tend towards a
contrast of 1) is 15 or minimal (IF O, to tend towards a contrast of -1).
Therefore, eithgr oul d be extinguished. A
sensitive vi sugllﬁl Is&‘%mor?%g%%ga?‘s"splﬂé@& sfdﬂlpﬁi‘rfé;ne hand on a good extinction,
and on the other haFer sisualisingtthe fidgexef astudyrobjeclehaviag he éoran of adhtrofim he
thi ckness of tg%c'ea n'tl?é’%[xrfacéfofttﬁé sﬁpagh nT@%d@&tab{H&f@xﬁl%ﬂpﬂ{é 8|ﬂ‘é'?eﬁ%é°0'

20 exhi bit thee ualtles an are ore ontras

supports. q mhihecBéensities Wlmq Qﬁﬁh%ﬁnﬁ E’%%r@&% fq'%:ﬂ‘q)y
the cont rast @httﬁbfkﬁﬁev\ﬁhéﬁdt\bﬁllé bbgemtr@emeeﬂaﬂéesm@@e @xm@@abwétbmwmash

t_hl S case, | F and | s becone nF| ghbour I§P)s 4 0 |s cl, otse é{
differential &fenkeied g 304 f rﬁ'@far i\ {ﬁ)c A'%eBP 'Eﬁda%
Th? ?EEE;”H 0I g%monavggttaglcbrrbbpor?]mngtstandmmsed |§lensit|551+ 1d1 Ae 1+A]§ d
n S e de it _has ex o
the filmis identi c[ﬁ‘ tcé)r\t ﬁgfoﬁ}he ?q]%e ﬁﬁtﬁ@r}" %ﬂ%é‘ Byﬂke%@%)wfrﬁerq@g}n | ayer
2 of the st@dck, and where dl is the de 05 DECEMBER 2006 25 derivate of the

intensity reflected by the bare substrate szﬁh res 5e(():)t to the
=

F N
I
Ir and Is being positive, Cr is a strictly increasing function of the ratio I—F
N
To visualise the film correctly, |Cf] should be maximised and therefore

the ratio j—" should be made maximal (/s 0, to tend towards a contrast of 1)
N

15 or 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 qualities and are therefore also contrast amplifying supports.

The performances of a visualisation process may be quantified by the
contrast obtained when the film observed becomes extremely thin. In this
case, Ir and Is become neighbours and d/ = Ir - Is is close to a differential
element.

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

Ir-q4 L dI i
A 1 T 7 Ae 1+ Ae delnl (ES1)
30 where it has been assumed that optical index of the film is identical to that of

the upper layer 2, i.e. of the last layer 2 of the stack, and where §£ is the
e



thi ckness e of this layer 2. In the case where the substrat @5IDEGEMBER3A
of a solid 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 the upper | ayer 2. An optimal contrast
is therefore obtained for both situations: 23) d In 1 + (extinction of the
support, Cf= +1) de de In |l = -1 (extinction of the film Cf = -1) 10 The
optimal contrast may only be reached with a total extinction. The
sensitivity of dehwatei elithie sdensity reflected by dfse bane sabstraje dmith (@gmct tadhe de

It has a neani %ﬁhé gfontrast is small (when d 1nl Lie is very
smal | conpare to 1%@ elngﬁ’l es to conpare detection thresholds, 15 VIl. 1)

In non-pol arised |idh tthﬁnCWthrﬁ thl‘?eslé'aﬁéﬁtﬁoh issgompes@gh(af) ajsalidaguprort s
RNP (S% Since tcbeentea wltheétsuﬁglfel @.@lecm@m;aerpmél|§>Itﬁemfbke m@em:ﬁﬁés@at itigé ar e
suppor and sinc onl for a nor enc

per f or manceg ofSin “Wﬁrj uﬁ%‘pé‘r"@ aPB é?fgé%?sﬁ a'mpq&fwﬁfqt% ?fem'ctkf‘eés

for imaging purqﬁm@appeﬂ@yemmted VII 2) Between crossed polariser and
anal yser The equatl on 51 Qe lLnlcl E£52 ( An
opti mal contrast |s ﬁ E‘éo' I |shti1(§:r§§,:e8{3 qdfqﬁ t%ﬁ@ ;S %bs)l) d In 612
+ (extinction qwj‘ n.p, Suﬂpo(et)mn&fon'of'"tﬁb SippBr, BESEMEER 2006

ii) d—ln | = -1 (extinction of the film, C¢=-1)
e

10 The optimal contrast may only be reached with a total extinction.
The sensitivity of the visualisation is, in Angstréms™ :
Cf 1 dlll]

—_—= E52
Ae 2 de ( )

It has a meaning only when the contrast is small (when dInf Ae is very small

compared to 1) and enables to compare detection thresholds.

15
VII.1) In non-polarised light
In the equation E51, Ir _ Ru(F) 1+ Ae iln Rnp.
I, R, 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
limited.

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

B @ 14ne Lino]? (E52)
Rs(¢) de

An optimal contrast is therefore obtained for both situations:

30 i) diln |0‘|2 +  (extinction of the support, C;= +1)
e



26 ii) dInljj2 = -1 (extinction of the film O = -1) de0ERHCENBERRMS
situations corresponds to a = 0 i.e. at an ideal support AR X- 5 Pol. In the
first equation, the optimal thickness e is that of the coating on its own.
In the second equation, it is the sumof the thicknesses of the coating and
of the object. The sensitivity of the visudbisation is given by, in
[Angstrons']: 10 CF =d In Ir,+r81 As de There results fromthe previous
considerations that: 1) the best contrast anplifying supports are the ideal
antiglare supports. 15 2) the supports AR-X-Pol are the single supports
capable of proviging, tetal extinction ipn anpular illumnation and a

quasi - per f ect ékrfﬂbkﬂgﬁ“ﬂj(%“Fﬁm?PQ thesWuilgent?)i | | umi nation. The use of

t hese supports b fween crossed pol ari sers enabl es to obtain noticeably
better contrasts than all other supports 20 in all the inmagi ng nodes

i t hout | abellj i AGed N6 i | nat | Vi 4| i t
anpl i i ng supoary ?Fﬂ%%%&??ﬁ%ﬂ?gh%@f{%aﬁ = Qe et A pbPPARDE.
25 When t heé squbr'ﬂ the first endation,4h¢ onsinealthickRes® guistthah oEtle spating ondts

satisfied any Langeh thé tlselcdnd edatibhCH!idths Rint 3% ShatiBidkhESsds 8 thePEodtitRy

layer 2 is inposed and It has ho solution any | onger because the relation
E26 i s not ve?’r‘f‘ioé@"%ﬁplelcbnger. Then, the total extinction is not possible

any | onger andTheheneRindy of e Wbgalisationay giveh g inf pasdidnegil]: | onger (the
condition Cf= - 1 30 may still be possible for a very particular object). W
show that the contrast is not optimsed any | onger when the m ni num of the
refl ected M\tensity is reached, but f6F r:hﬂ:ﬂﬁn s_(js of layer 2 situated on
both sides of this mninmum the mni mag co&ges@?ﬁn *hg to the sign inversion
of the contrast. In this case, the contrast is optimsed when: 05 DECEMBER
2006 27 i) aelnldl 2 maxi mum (partial extinction of the support, Cf maxinum
There results from the previous considerations that:

1) the best contrast amplifying supports are the ideal antiglare supports.
15
2) the supports AR-X-Pol are the single supports capable of providing total
extinction in annular illumination and a quasi-perfect extinction with little
convergent illumination. 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 labelling using incoherent illumination.

VIII. 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
satisfied any longer. It is in particular 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 Cs=+1 may not be reached any longer (the condition Cs=-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:



i i ) chinc i2 nininum(partial extinction of the film Cf ORDBEGEMEER 2Q06
when : de2q6l 2=0 (E57) 5 Wt shall limt ourselves to the case of dielectric
materials and we are |l ooking for the optinmal thickness of the dielectric

| ayer 2 for optimsing the contrast wth an anplifying coating nade of a
single layer 2. The thickness of contrast i2dversion el is given by the
equation E24 which corresponds to the condition that a-2'vl is real. In
order to explore the2 10 thicknesses situated on both sides of el, we assune
QL = 2 + E. A £Hdof ehatimum F2frtiasextivictionmplhet sliypartrC# meckiranm)| onger, we
assume: A = UL2{%+' rol )-0701 (1+ 712) (E58) W1 The devel opment in E Of
| CT12 gives: A¥) glﬁnim'um (partiaCekiEtidnEIhe film, S phiefaumy) wher ei n: A=A2
(E60) \ B = (19%cl122 +A(1+9r12 C= (1 - P + zQ Z12) D= P + P9ro01912 -
49r01g12 20 and wherwhenP = rOt(c)ry(v)+rot(,)rt2(,) (E61) There follows:
25 d inc 8Bc 8DE (E61) dE = A+BE2 C+DE24The sol ution of the equation ES57
is: 05 DECEMBER 2006 28 4ez _ AC (E62) E@@H\BO | f (B9 coating remains is
small, and in such a case c is close to . 5 The relation of definition

E18 provides fipalshyllidinobRelesitbakBasseofdlieledté ®aterials and we are looking
for the optimal thickness of the dielectric layer 2 for optimising the contrast
with an amplifying coating made of a single layer 2.

The thickness of contrast inversion e is given by the equation E24 which
corresponds to the condition that e2” is real. In order to explore the

10 thicknesses situated on both sides of e, we assume g, = % + £ .

As the relation E26 is not completely verified any longer, we assume:

A = 0'12(1+7z01)—0'01(1+7r12) (E58)

0-01
The development in € of |of gives:
15 | |2 , [ A+4B¢’ (E59)
ol =o S —
“ | C+4D¢?
an expression wherein:
A= (E60)
B=(-n,) +All+7,) C=(-P+ryr,) D=P+Pryn,-4n,m,
20
and where :
P = ryp)ha) t fos)ha)  (EB1)
There follows:
d 8Be 8D¢
25 —Inlo?| = - E61
de I l A+Bs* C+Dég’ (E61)

The solution of the equation E57 is:



which optimise the contrast: el' =" (1+2E1 + k(E63) 4 is J)032DECEMBERRM6 "=
4 (1-2) The formul as E63 generalise the fornmula E24 to the non i deal
contrast anplifying supports. W shall designate the fam |y of the contrast
anplifying supports by the 15 designation supports Ampli-Pol when it is
advisable to differentiate it fromthe supPorts AR-Pol. Between crossed

pol ari sers, they becone the supports Anmpli-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.optiniflée its Resbpr mances (usef ul
extinction rate Cu or contrast Cf). To do 8C+A4Dne should conply with the
relations which define it with precision, which generates difficulties of
manuf acture (strict tolerance on th i s e for exanple) and
difficulties of iniftkercoatingsemaing , t hie spealhrandemssweh axmsereeis

m croscope for |¥£$&J@Ai sation for instance). In order to renedy these
difficulties, ¢ S~ advant ageous to introduce in the supports an adjustnent

elenent. This - r oVi S ; | gl ] N epi C
opt i cal " pr oper {nELERfiob e BERKERT: P pholfuetEfindly wlF St Migknllesds B3 f &

ani sot r opi ¢ nmawhichaiptinsise iiee sabkastate 1, the layer 2 and the 30 incident
medi um renmai ning i sotropic. The main axes (x, y, and z) of the anisotropic
material are parallel and perpendicular, to the surface of the 05 DECEMBER
2006 29 support. The Fresnel coeffépLe’B §+<%f3tlpek§upport qEB3)epl aced with
areflection matrix: rPP rPs (E70) rs®\rsszy wheRein, taking into account,
the orientations of the main axes rps = rsP = 0, which enables to express

the reflected anplitude relative to the incident
. 2& A
10 e'==|l-—7| + k=
4 /4 2

The formulas E63 generalise 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..

IX. Anisotropic supports AR-X-Pol and Ampli-X-Pol
20 In any use of a support AR-Pol or of a support Ampli-Pol, it is essential to
optimise its performances (useful extinction rate C, or contrast Cy). To do so,
one should 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 default, 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



anplitude as: 10 ExP |1 (r.- 0 ro J (EE, J (E71) when the ARBEGEMBER A0QGe
pl ane of incidence, and as: | Eg = (rp,, O~ (E4P~ (E71) Ej O rsy E, 15
when the axe y is in the plane of incidence. At the interface between the
isotropic nmediumi and the anisotropic nmediumj, the coefficients rr(p") ,
r#(s") rij(py) and rij(sy) are given by nj®nj,c; - n, (n2 - n; s2 )z 20 r;

(Px) _ I (E72) n xntc; +n; (h~z - n, s, )zn;, ¢; - (hjy - n?s, )z Y
(sx) _I' n, C + (ny - nzs?)z if the plane of incidence is parallel to x,
and: n jyn jz suppom, The Fzesnel;coefficientsabihe suppor7aE replacednwipim acreflaction
n,2 s 05 DECE 006 30 n, ¢c; - (N2 - n?s? )z r (sY) =i nC+ (n2 282

n, 2 if the plane of incidence is parallel to y. The equations E72 show
that, according to the relative orientation (P _ (P,x) of the sanple and of
the polariser P in azinmuth, obtainin rppy rotating S one elenent with
respect to the other around the nornpl, one obt hi ns vaEi ™l e effective
Fresnel coefficients ri(a) and r!(s)) rsgi ven b@vs he foll ow ng |inear
conbi nat i ong:
wherein, taking into account, the orientations of the main axes rps =rep =0,
which enables to express the reflected amplitude relative to the incident

amplitude as:

E
S R
Er 0 rsx Eis

when the axis x is in the plane of incidence, and as:

El o 1 (B )
E 0 Yy E,
15

when the axe y is in the plane of incidence. At the interface between the
isotropic medium i and the anisotropic medium j, the coefficients rjy , fisy)
Tiioy) @nd rjysy) are given by

1
2 2 21
n.n.c, n.(n. —n‘s.)2
X jzvi Jjz [
20 rxj(px) = . ., T (E72)
n.n,c, +n; (njz - n;s; )2
L
nc - (nf.y - nfs,2 )2
rij(sx) = 1
nc, + (njz.y - n,zsiz)2
if the plane of incidence is parallel to x, and:
2 2.2,
n,n,c; — n (njz — n;s; )2
Vi) = 1 (E73)

N
S
k .
I
=
)
S——
N

njynjzci + n;



r ,(P) =rkp-) cos P+ ry(P,) sin 9 (E74) 10 r (,) = ry(,xP5OECEMBER 2606 Y)
sin tp An anal ogue reasoning applies to the case where the substrate 1 is
isotropic and the |ayer 2 anisotropic. Thus, a support optimal for

vi sual i sati on under m croscope in polarised 15 fight is anisotropic and
such that the optimal value of its reflectPBn coefficients rp and rs is
obtained for an internedi ate angle cD between 0 and 2 and preferably equal
to 4 to provide maxi mum freedom of adjustnment. X Circul ar polarisation 20
The invention may not be limted to the fofegaifg desggiption. The [ight
beam used has thus, in another enbodinment & circufar polarisation and the
supports AR-Pol and Anpli - Pol exhibifsydv%pEagg #ﬁly bhe%sane efficiency.

As it is well known, the observati ons and reasu eent’s bet ween crossed

pol ari ser and analy t : e ' ui val ent observations and 25
measur enents bet wee'zﬂf%g(ag‘(eié}gﬁc@gﬁ+g\%e§arg‘;!élgoggmve plate] and [identical

4 wave plate foll ohke eguatignsl &7i2 shopothatnaaceoedingpta dheerelative toasientatiosy |
preferably idegtleal [ Sof i l: fC Rt tati

vi sual i sation Ebtan (o} ogﬁéﬁ?mﬁéﬁﬁggf%é g?%ﬁé?gﬁtl?a ﬁPErjlt é??e@giﬁ?itg{mc%lr?tgr ast
(DI C). 05 BECEmBERIGrOeBt with rasred dp pe othar araend thenermsal, wae gaiRsyvappblet t o
several inpl egppitild EresmsIeeBatiRibrits £ De ahal Loy guepxdyPhies foRéwingl fRedhe
random il lum nat&lE on wavel ength is, um'ﬁ@r ot he"?sx ge spegipfi ed, A ii@540 nm

It has been obS@MPEWLORASt when a support conplying with the invention 5 has
been determned, it is possible to deduce therefrom other supports which,
fromthe invention viewioint, have co ab properties di fying the
thi ckness el of the layer 2 it tﬁr" P gﬁ%f"h ',LA?"'J'(G“P gigls(}é whi I(gyﬁg?nt aining their
ratio comfant. This opens very mj,de pessodpl it gg, siDpExanple 1 The
supports AR-Pol, although obeying very stringent construction rules, can be
varied endl essly. Four exanples (index of and thickness of layer ef(A)) of
supports AR-Pol -1 ngeghalbglie easBRingCABSlics 85 thé TdsBewherdhe (shhtereisl S

resented bel ow. These ex | es _are”intended for use as object-carryin
P i ' (f therrlgyer2 an?sotrop?c. J ythg

isotropic an
Thus, a support optimal for visualisation under microscope in polarised
15 [light is anisotropic and such that the optimal value of its reflection coefficients

r, and rs is obtained for an intermediate angle ® between 0 and % and

preferably equal to % to provide maximum freedom of adjustment.

X . Circular polarisation

20 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 well known, the observations and measurements between crossed
polariser and analyser are then replaced with equivalent observations and

25 measurements between [polariser followed by a %wave plate] and [identical

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

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



supports for observations and neasurenents conducted in a sOPMEGTMBER 2006
medi um such as air (the incident nedium being the air or the substrate).
Substrate nz of el(A) Cold 0.40 - 2.6' 1.70 694 Silver 0.13-3.44j 1.59 795
Aluminium0.92 - 0.95" 2.01 346 Nickel 1.76 - 3.2j 1.51 847 20 W also give
for these substrates 1 the indices n, and BRe thicknesses el of the si ngl e
| ayer 2 coatings which optim se the contrast Cf of any observation between
crossed polarisers with a convergent axial illumnation under an incidence
of 0,2 (by conventi dRegsuppoyt apll e ginventine vRasie beenantubiedle tehssevaral

val ue of the cppplepfdntdfioriPpradtefledvih Rhé FENGWBIGNExArhpIedi fdrtwisith WhehradBor?
opening at the edge of a filmwth 1 nanponetre thick eis_ wel | as the

Uhi cknesses. ol Ilugaaton Wayelsapihisqunger BeENsasPSRlcask ORIBRREVBER 2006 32
The index n2 is theltihzdebeat obbervedtthat whehar supgort benplyipgwith fhe insention

New York 2 0'; &0 'Pid- .ee -ele ep-ouPé) -i-’
S 30020, 14 s SRR it ool B el bR 3T U
mat er: a'I'. A?Oéﬁc.)ﬁ{)ﬂﬁb gﬁ;\im\dtloﬂh Oie&fpouﬁ, hage <cdnserabte @I’@&rﬂealbygmdk?lfy(?gﬂhaalz' ]
§ha" 1 60 BsoticKes by el andind hdin b SELS Rpildndpiciningihitatt 7 |
040 1 050 O. 07ﬁl\&d}{§pént_ltrﬁ§ op@ns“\?e' w@gpgggbmtiés_% 1 000 1 010 0.06 5

Besi des, we al sb give, for these substrates 1, the indices n,, thicknesses
el of the single layer 2 coatings which optimse the contrast Cfof any
observati on between crossed polarisers with annular illum nation under an

i nci dence @ 20. WeEyample Ae absol ute val ue of the contrast Cf obtained
under 10 these conditions, with convergent illum nation with 30 opening

(7E/6) at the edge of a filmwth 1 nangonetre thickness. The thicknesses e,
and e," are thoseTHP\RPPEYStAR-Ral althuieh efeying very stringent construction rules,

can be varied endlessly. Four examples (index 7, and thickness of layer e;(A))
of supports AR-Pol-1 ideal for an incidence close to the normal (6,=5°) are
15 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 ny ny es(A)
Gold 0.40-2.6/f [1.70 |694
Silver 0.13-3.44j 1159 |795
Aluminium 0.92 - 0.95j |2.01 346
Nickel 1.76 -3.2j |1.51 847
20 We also give for these substrates 1 the indices ny and the thicknesses

e1 of the single layer 2 coatings which optimise the contrast C; of any
observation between crossed polarisers with a convergent axial illumination
under an incidence of 0,2° (by convention 6, = 0) and we give the value n, and
the absolute value of the contrast Crobtained with convergent illumination with

25 30° opening at the edge of a film with 1 nanometre thickness as well as the
thicknesses e’ and e¢” as defined by the equations 63.



00=20 00=20 0<60< 6 0<00< 6 0°'60 6 Substrate n2 n,

C, Gold 0.40

1 Nickel 1.76

t echni ques,
evaporation c

2.6

3.2

hem cal

0.

95’

el (A)

1.64 739 1 1.64 730 740 0.65 Silver 0.13 -
838 1 1.55 832 842 0.85 Alum nium0.92 -

t he conventi onal
realised by PECVD (Phase
Example 2 20 05 DECEMBER 2006 33

OGS DEGEMBER 2006 A

3. 44’
1.89 399 1 1.89 395 415 0.25
1.48 890 1 1.48 880 905 0.50 15 The indices nl are very
common and the layers 2 may be realised by33l
for exanpl e oxi de depositions
vapour deposition).

1.55

deposition

Exanpl es (index n,)Tbé indppons ¢ At fadexi ohrtbe pmatasial dormiimdhe aupgort. It is

substrate 1 of eit'réét@ﬂ"l’fﬁ({ﬁ”?ﬁaﬂﬁ BS68 of IOftRS, Mt @riﬁr%m@FBfQQ%HFQ' PBIRsH

air, or in inmmersion eal anisofropic supports tai ne y
deposi ting on NewsYai29GQp avhergin a particulanvayelength isdefined iy atgriahot |,
cl eaved according to a plane 100, a l|layer 2 of optlcal thlckness 4
according to fhe reratjon E24 amd of I nNdeX n qHa i 37 Whep the

i nci dent nmediumis air| (i ndex 1)6g079%g0en t s |cﬂﬁ%< ?ﬂtﬁ wat er (

i ndex 1.33) {6199 whentheincident—redi ulltn SOt |uc i i\ The | ayers
2 then have | Bubstratenorizi ndi ces [#hi cheéde| Gbirai ned é‘gi Jer gl )) Gither by
sol -gel and a el pr s o 1 orou ilic (|nd 1. 3[ tthe

i ndex al so be%gapproﬁq?ﬁt gdg%gu:":ggb ?bdo'u ‘potin'i8 el 86’57 wgn—aeg(alS (i 91‘151 1. 38).
- or by oxi datSiber t echifl.-4ueks44ii h-GQa*‘Béﬂ xtur 53 ead 9%3(9 to i al0.td xt ures
Si @2 - SO (i ndgfinturd 9)1.48% 523 9Xispi 1 §a51e| { ay1e445 Si Pdo (1 ”11{)5(?.5 1059 and
1.99) with theforrowm é)l()p()lll()[lb X=0. 4 and y= 06 tojoptarn + 1.79
X=0 and y= 1 [Nickst ai nlh58 = 314291.520 820 |hhd = W00 EYOI sol BO6

obt ai ned bygdepositing fluorinated

10

15

20

Besides, we also give, for these substrates 1,

the indices nq,

thicknesses e4 of the single layer 2 coatings 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
these conditions, with convergent illumination with 30° opening (n/6) at the

edge of a film with 1 nanometre thickness. The thicknesses ¢;’ and ¢;’’ are
those given by the equations E63.
8,=20° | 8,=20° 0<Bo< % |0<Bp< % | 0<B<%

Substrate |n, n e;A) C, |n, e/ (A le,”(A) |Cs
Gold 040-26] [1.64 739 1 1.64 730 740 0.65
Silver 0.13-3.44j {1.55 838 1 1.55 832 842 0.85
Aluminium |0.92-0.95/ [1.89 399 1 1.89 395 415 0.25
Nickel 1.76 - 3.2 {1.48 890 1 1.48 880 905 0.50

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 chemical vapour deposition).

Example 2



pol yners (such as trifluoroal kyl -al kyl si | oxanes or 05 DECEMBER 2006
trifluoroal kyl -al kyl sil oxane and di net hyl si | oxane copol yners), whereas the
deposition may be conducted by spin-coating froma solution. These indices
1.79 and 1.99 may al so be obtained by all the deposition 25 techniques, in
particul ar by PECVD deposition of oxide m®Bures such as HFO2 and Y203 or
of all the materials listed in the dictionaries of physical properties of
the materials (for exanple: Handbook of Optical constants of solids, Vol. 1-
5, Acadeni ¢ Press, ERamptes iindexdrefssugnats? AR-Bol-il naren preganted helewifonar i es

(for exanpl e: [%ﬁ@‘ﬂ of sﬂi&i |rfi SandVidF st BitHerRihod 88 /oBRAINg MR siigh Aew

30 York, (2000 e 1 ndex certain materials changes S|gn|f|cantly wth
the wavel engt hair opr 'PHE"F‘P@FQ" and the adjustnment of index may be repl aced

with an adj ust nment |de afﬂﬁ’étftc?"@tsb ppbits IARIFY rﬁzmi@l thfah%d3ﬁ§'€liéﬁosﬁlri Bla 2

of Si O whic its 99for
A = 540 nm® 35 SUBSBEBERTGHEH (1232 Sl O TRARRE Oy BohaTeAVes pereTHNGLP 2
exanpl es of i dpm_nesmm% 15yoh2 Bobpliodithickeess At hecefdiigtatinoréldien E24 and
Ampli-Pol) for different incident nmedia and fé an annular 5 illum nation

of very small bﬂﬁﬁéﬁﬂﬁ&xﬁ@@ky 5 degrees) The thickness el is in Angstrons.
Afirst table i a i ncj.dence of 0,2. The index n2 is
the index of tﬂgﬁ‘ﬁ%@’ ithe "}%‘?‘?ﬁ%ﬁge‘?HE‘ '§Lﬂib{5'?‘§}(?x ﬁ is extracted from" Hand
Book 10 of Optizgswhbh the awidéntimétdiafreissvateal ifdex 1.88) ng New Yor k 2000
uher 1D 2 et R B B nb S Sl 87" mLer! oL, Subsirate 02
1.33 2.35 526 Sil Vbe layere.3 then Nawei lessmcomdars. indices. shich GBecehtained
Aluminium 1.5 Bre’?éra%w

- 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 mixtures leading to material mixtures
SiO, — SiO (index 1.79), or to oxinitride layers SiOxN, (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 obtain n; = 1.99.

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

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 Y03 or of all the materials 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 f1 997)) 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 = 490 nm and of 1.99 for A = 540 nm.

35



Ni ckel 1.58-3.42j 1.33 2.13 620 Nickel 1.5 2.5 505 Cadni um03 DECEMBER 2006
1.47 968 Cadmium 1.33 2.08 667 Cadmum 1.5 2.38 575 Tin 1.43-5.25 1 1.48
975 Tin 1.48-5.25 1 1.48 975 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 (evapor at ed)
1.51-1.63)j 1 1.545 802 1.33 2.24 459 1.534 72 332 05 DECEMBER 2006 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 589.3 nm Substrate n2
no nl ej Gold 0.40Exampe 31.33 2.42 490 Gold 0.40 - 2.6' 1.5 1.79 755
Silver 0.13 - 3.44' 1.33 2.28 512 Silver 0.13 - 3.44' 1.5 2.7 412 Aluninium
0.92 - 0.95" 1 1.89 399 Nickel 1.76 - 3.2" 1.33 2.11 572 Nickel

3.2' 1.5 2.45 473 Weigiverkelowa fewether examplesyof idealisyrparis &E’u%o'dwh@ are

2.05 68‘21 Cadmnmfbré%& Rfeal ArplzP3f foBdiffErentlindent Adid ahd4dr 89anriilar
1.48-5. 25 & 33 Ziid4tich 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 n; 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 Ny No N4 €1
Gold 0.47-2.83j 1.33 2.42 490
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 1.33 213 620
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 1.43-5.25j 1 1.48 975

Tin 1.48-5.25j 1 1.48 975

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) 1.51-1.63) 1 1.545 802
1.33 2.24 459

1.5 2.72 332




Tin 1.48-5.25] 1.5 2.33 548 Copper 1.04-2.59] 1 1.62 746 CHSJRECEMBER 2080,

1

1.33 2.23 423 Copper 1.04-2.59] 1.5 2.83 351 Iron (evaporated) 1.51-1.63j
1.54 737 lron (evaporated) 1.51-1.63] 1.33 2.23 423 Iron (evaporated)
1.51-1.63" 1.5 2.72 305 5 Exanple 4 Finally, we give an exanple with an
annular illumnation at a wavel ength A = 589.3 nmand a si gni ficant angle
of incidence. For a support of cadm um 10 and observation in a surrounding
medi um such as air under a single angle of incidence of 30 degrees, the
i deal layer 2 is obf\:safeaditaplens given tpp agangle of iINEENCARIYr oms.  The val ues
of the indices are gadugRléndtis he= BAOknPExduptTorthé @almiumatidrelieid equal
"Principles of Ogg#)%rs . El ectromagnetic Theory of Propagation, 15
Interference alfy MAction of Light", Canbridge University Press (1999)
and 05 DECEMBER 2006 36 fromthe book of E.D. Palik, entitled " Handbook of
optical constdnts.0 solitds ™, vol. 1 to|5, Academ c Preks (1985).
Applications are g’&ﬁ%ﬁee in the iMdustries a0 the offlicsl £ inprovi ng
measur ements qr theGokf | ectijon-lhd8ed2.6psefvat.BBn pf 2.42n [il4800r|very small
5 objects under optLc m cros 0. nder ot he t{cal -t magin
instjrun‘ent suagh QE GPEL\r cr\nr-f(ggﬁa_cé'Gﬁnr-: neih a m{«ZQP\, nn+5s$:u:g g
TGO vV I oUT £=d VAYA AR T A vy v ] LEA=Ad BASASASA =4 S A mogrT Ty g graop,
bi nocul ar nagni f yiSilyegl ass,| cQm3 a3.44ot 0 chBBral a8 f|el 8121 cfoscope,
endoscope, opticalg; r field,mg.gcr el bigchip r er et p-opti cal
r eader, IOconf oEa! r§'gv.%uscepc. Qoqﬁﬁgséﬁgp+gq§ﬁ‘\'? 4 Puﬁdanj ArpH+—pol IOare
usabl e si nul t gneollsiyiniasn ant i 6192 e OBfgkgr ountl angd ak88bj ect38%r ryi ng
support for aljfl mc py |op i oRokn I ef tipn ari se i ght,
regar dl ess whether It(l%zggbservaﬁ'zg ?2‘?60.‘.%%;320‘ A %ghen i r,§7?n nrer si on,
or through the suppckel They enblBbe-32i i mal JdiSuali sh#bon| nod47dnl y of
objects placeq onchifium 1.13-5.01] 1 149 | 970
Cadmium 1.13-5.01j 1.33 2.05 684
Cadmium 1.13-5.01j 1.5 2.36 582
Tin 1.48-5.25j 1 1.48 899
Tin 1.48-5.25j 1.33 2.02 640
Tin 1.48-5.25j 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 (evaporated) 1.51-1.63] 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
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15

Example 4

Finally, we give an example with an annular illumination at a wavelength
A = 589.3 nm and a significant angle of incidence. For a support of cadmium
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 values of the indices are deduced from the book of Born and Wolf,
entitted "Principles of Optics: Electromagnetic Theory of Propagation,
Interference and diffraction of Light", Cambridge University Press (1999) and



15 surface of the support, but also of the interface betwee@SIECEMBER 280G 1
and the layer 2. They enable optinmal visualisation and neasurenent of all
the effects of dichroismand of birefringence inside the |ayer 2 properly
speaking. This is particularly advantageous for parallel inmaging and reading
of 20 magnetic fields situated in the Iaye”t6 when it possesses magneto-optic
susceptibility at each of the followi ng effects: Faraday effect, Voigt
effect, I|inear magnetic birefringence. They enabl e optimal visualisation
and neasur emenfrost the| beolke afeEildcPabk, eaﬂﬂ%%ﬂf blandbeek oft optiealt penstantsy phce

bet ween t he sugéﬁd@;,ﬁ,(ﬂ. f06l 5t cddReiE Fress 2fogd)i ch is particularly

advant ageous for | nenting the anjsotropi.c reflection m.crqgsco .

Lechni que (RAM) . TAPBIFatons 8e, 20sPBla i 119 doristies &5 Be; pPice TOLHBPRYS 1

exhibits nmagneieastpémentsIsc éid réflddtibn-tdsedubtisetvaton of thinaissesseeriesmall

ef fect, polg_r Kerr effgé:t
[

) ...lhe coatings AR-Pal, pravidi consi der.abl

ot overent51 OB aLpders Pnlical | FRERREME ot \AreRt ALY mlie GRS TSI ng
process. The singhunentARcRds wser, gpetiacldsanmacresdape, emagrifying glalsechinooular
differential i . ent i al b ti . I o]
variation of t H@ﬂ&ﬁ%%&g ﬁélg‘%%gﬁﬁao Fgecéaz’% esn%g?n,‘f 'e{(ﬁgﬁ{z% gé@?, %rcl)z{k%fclogg“ on
used (linear oopticalrmedriield microsoeie, diothp ceadernmagnetedptical reader confocal
interferential nﬁel%tsﬁaﬁé 05 DECEMBER 2006 37 techniques with all the other
visual i sation, detection or neasurenent techniques nmentioned above. The
single |ay$® 2 coaflhBgSuppertmIAR=XHol fand Ampli-Rel afpedsahle ssiputtaaeadsly as
They enabl e ”P%ﬂti?l%?é'béél@ré@ﬁ@céh@naé héﬂjebt-éérr?hb shgpoithesr ERdinditrestosy S
t echni ques which Take Pl acmt the end ﬁf an opt) ¢ fibr a{j‘d not abI%( the
detection of aOPBERHOBsINcERfiaGten RyjadsedHeht irggal t 418 absepvation igng
of such a fi blb@ndﬂ’ét@&ﬁn@g@niai@ai infeesion Carr thyduyh thepfuppost.f or near field
m croscopy techni g.lﬁes A%ta{g STt%\ EN(]\/I .ar}? otng?r %P%f sw%g Eggeg qenabiéa
detection, 10 | ocdlt¥ath afRaiMe déﬁlﬁagﬁ? %h gnly 8Pl ? L9 A L%l es
by convent 1§nalsurfapé iof dhe tsepportgbat also of the interface between the substrate 1 and

the layer 2.

They enable optimal visualisation and measurement of all the effects of
dichroism and of birefringence inside the layer 2 properly speaking.

This is particularly advantageous for parallel imaging and reading of

20 magnetic fields 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 reflection
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



These are al so ideal supports to conduct in situ optical trQ5DBEEEMBER 2006
control a posteriori the depositions of ultra thin |layers 2 performed by all
the deposition techniques available, for exanple by the Langnuir-Bl odgett
15 techni que, by plasnma, ionic deposition, spin-coating, dip-coating, ME
techni ques, etc... Used as object-carrying33upports, they also increase the
efficiency of magneto-optic techniques, polarised |light cofocal m croscopy
t echni ques, SNOM techni ques (Scanning Near-field Optical Mcroscopy) in

pol ari sed |i ghtechpijussd with abll thee sthect vissaliggtionyi deteictiont ioon measuremeant

(I'nfrared Abso I ﬂﬁgn scence, ultra-violet Absorption,
2- photon M cr o{se?glpr)‘ .esurﬁg ased:EPg\(rl:(?'- carrying supfports, they enable to
t'p

i ncrease consi der albhg single layen 3 e9atings ARMReltexisttfor all dke typasnefssybstigidsal i sed

871 30 Gy Bl ol e gelocongRoBty 8 (0o oA
o ot o mant i alGcBRiaHES! WHICT ek PIASE Ghithg@nch OF b OPUGArEARREWBRIAENs the
nmagnet i ¢t weez@efectioh afaelspeticsCcdpie@deny a sEnsRivetdpER2208IIed%tGhéldrid ofl. A
support intended for.observing between crossed polarisers an object placed

on the support SUN P ®e vicinity thereof in a medium (3) of index no with 5
spati al | y inci dent These eageritlealn objeot-eatrying suppatts oforunéar field anitreséapyat a

re ety or SIS SIRE- SRR el Bl TP e 5 B
char act eri 8&d lacalisatign Bhdt Misualisationoof tftimst o obiets ibyisibles iy cageantioppl i s
\évi( :[A\Ihbn) 2 E%li?oppg%él%@ig?gg'x: Elrﬁ{z ):ng(W‘ ;2 Lngl +a.12( 1+) rO.l) e(-zi ‘di ) +a01,

These are also ideal supports to conduct in situ optical tracking or to
control a posteriori the depositions of ultra thin layers 2 performed by all the
deposition techniques available, for example by the Langmuir-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 techniques,
SNOM techniques (Scanning Near-field Optical Microscopy) in polarised light,

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

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

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



a formula wherein al and n;/ represent respectively the su@sBPECEMBRERZMWGuCt
of the Fresnel coefficients of the different interfaces [(d,j)=(0,1) or

(1,2)] : n;cosBl-n;cosd. Aral = ni cos B, +n, cos83 and 20 ry(S) = n; cos
8 - ni cos 8 n, cos B, +n, cos B and wherein /f, = 27me, €os B, with
cos8, =11 (1> )2sin20o0. i 25 2. A suppogg i ntended for observing between
crossed pol arisers an object placed on the“Support or in the vicinity

thereof in a medium (3) of index no with incident convergent incoherent
illum nation under an angle 80 at a wavgﬁ% A, including - a substrate
(1) of conplex refraction index n2, 05 R 2006 39 - a layer (2) of
conplex refraction index nj and of thickness el <characterised in that, 5

the val ue of the,thickness e f. the | ayer is within 2 .,%. that .,. ge U
21 =o with / A+S‘1&R°IE 'Q?Bﬁ??@(f-%igbs%%ﬂ?ré@eég ‘i’é’ssﬁ?}@!af‘%}’ﬁ) a8 objedt
r12(P) e(-2J, 61placed on thal fuppor2grsinethe 2xdnity théreoffio anmiediurch €8 pofindexi namithar i
represent respectiMel ¥ 1, , ‘ AC . e F < yafdigj ents
of the.di 1 for oRpotalfeheigdhs SLerent dodteRch fuBiinatdi JRHEE 3Ryafige 0o &L 8"
Kp) = n, cos 9wavalengtisAdincludthgand

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

- alayer (2) of complex refraction index n{ and of thickness e+

characterised in that,
10 the value of the thickness e4 of the layer (2) is within 2 % so that:

d? )
- =0
cz'e,2 lnlal

with
(=2jB (—4jp1)

)
Oy +0,(1+7y)e +0,7,€

(U oy X i€ WU T Ty ™)
15
a formula wherein g; 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;cost, —n; cosd,
Tijp) =
n;cosf; +n;cosf;
and
n;cos@, —n.cosf.
20 fitg) = ——————"———
n;cosd, +n;cosd;
27m,e, cos b,

and wherein gy =

1

A
2
with cosé@; = \ﬁ—("%) 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 ng with
incident convergent incoherent illumination under an angle 6, at a wavelength
A, including

- asubstrate (1) of complex refraction index n,,




n:cosG -n,cos9; n; cos 9: +nl cos91l and wherein 2'n'le s9 & PECEYSBER 2006
j1 _(><92sin2eo0. 20 3. A support intended for optimsing the useful
extinction coefficient of a polarising mcroscope for observing an object

pl aced on the support or above the support in a nedium (3) of index no with
i nci dent convergent incoherent illumnatiaggy under an angle 90 at a

wavel ength A, including - a substrate (1) of conplex refraction index n2, 25
- a layer (2) of conplex refraction index nl and of thickness el
characterised in thafg éhgz)\a'déﬁnénéxﬁéfﬁacwhqﬂfd@m %d%ftﬁiﬂ@\és% r(2) is
within 2 %so that: 360 ER 2006 40 d 1,1 =0d w th RNQ=
la++r, 12+ 4lr- r'1Z and ro,(v) +r~z(P)e an(s) +r,2(,) and rs- (-Zip,)
5r (zip,) + rQ;hérédtéﬁéedmthat()l( P)7Z(p)e and 601 +612(1+ir07)e(-2i"

+601) T12e(-4ipil 6 = rp+rs = (-2],6,) (Zipd (1 +7r01(p) >1 rl12(,)e
Y(1+4r,,(,)r12(,)e ) a formula wherein ad and ay represent respectively the
sum and t he5pr aHg vhluef of the thitknésseenel thedsydri (2) dsiwithiri 2% sotthbf:er ent

interfaces f(i,j)=(0,1) or (1,2)]. ni cos 8, - nl cos 8 ni cos OL + n, cos
8i and nl cos O - ni cosBi
o] - 0
de,
with
(-4j)

‘ (=2jB)
oy +o,(1+ 7y )e " +oym,e

- 2ih)
1+ Towp) X Nan€ a+ FousyN2(s)€

(=2jp) )

10
a formula wherein o; 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;cosd,;

Tiitp =
P n;cosd; +n,cosf;

15 and

n;cos@; —n; cos 6,

liits) =
n;cosd; +n; cosy,

2
and wherein g; = —2—@‘—6‘/-1&8%, with cos@; = \/1—('%) sin’ 6, .
"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 ng with incident convergent incoherent
ilumination under an angle 6, at a wavelength A, including

- a substrate (1) of complex refraction index ny,
25 - alayer (2) of complex refraction index n4 and of thickness e4

characterised in that,

the value of the thickness e4 of the layer (2) is within 2 % so that:
30



rYi(sJ = n; cos B, + ni cosBi 15 and wherein 2;me, cosO rOPDESEMBER2006
wth coso, = 1- \n n J sin Bo . 4. A support according to claim1 or 2 or 3,
characterised in that the values of the refraction index nl and of the

t hi ckness el of the layer (2) are within 2 % 20 such that: 6=0 5. A
support according to claim4, characterisedqy n that the substrate (1) and
the layer (2) are dielectric or little absorbent, the nodule of the

i mgi nary 25 portion of their conplex index being snmaller than 0.01, the
general conditions of the clai m 4 beinggr ﬁ’f d to the conditions: 05
DECEMBER 2006 41 nlelcoso, = 4 + k 2 and 820+ n2 cosZ o0(n2 -no sinz
Bo) n, n2 +no cosZ 00 with k i nt eger #ed\ Rivk h an uncert ai nty of 2 %on the
values of n, and el 5 6. A support according to claimb5, characterised in
that 00 is small &¥ith han 5 the general condi tions of the claim4 being
reduced to 2 11 z22 22n nog2=1 q_r}gq,qell,cas,e k 4+2 with k
integer and with an uncertainty of ﬁl % &n’t vakhuds O6f n, and el. 7. A
support accordlémjto any of the claims 1 to 4 or 5to 6, characterised in

(-2 28
Torp) T o€ '
5 Ip= =y and Is=
e 1
1+ 701y 2@ 1+ 7y Mooy @

rOl(s) + rlZ(s)e

-2jp)

and

(2B (~4jB)
oy to,(+7my)e ™ +oy e

(=2jB)
L+ 750, X Tpne 7 W+ Py haye

= 4 =
O = Ip™ls 27y

a formula wherein g;; and =; 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;cost;

Tijg) = — ,
§ n;cosf; +n,cosd;

and
n;cost, —n; cosb;

{Ch
n;cosd; +n; cos6;

15

2
and wherein gy = 2_7”11_61}_“2(15‘5& , with cosé; = \/l—('%) sin’ 4, .
1

4. A support according to claim 1 or 2 or 3, characterised in that the values of
the refraction index ny and of the thickness e of the layer (2) are within 2 %
20 such that:
c=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 general conditions
of the claim 4 being reduced to the conditions:



15 that it is intended for use with annular incident illun ASDESEMBER2006
angl e of incidence 0o which is unique within 2.5. 8. A support according
to any of the clains 1 to 4 or 5to 6, characterised in that it is intended
for use in incident and convergent axial illumnation with an 20 average
angl e of incidence Oo associated with its #dtal angul ar opening A0o by the
relation : cose 209 o=cos 2 9. A support according to any of the clains I
to 8, characterised in that the 25 illumnation js nochromati c or
guasi - monochromatic at the wavel ength Anwﬂ:@sﬁ#%p t according to any of
the clains 1 to 9, characterised in that the ill"tm n&tion has a continuous
w de spectrum agndi s pol ychromatic with nmaxi numspan 0.3 A around its
aver age wavel ength A. 30 05 DECEMBER ZQOGWQWaccordi ng to any
of the claims 1 to 4 and 7 to 10, jntdadeds®F Cufle °hir as a
surroundi ng nedium (3), with Go = 300 and ?,ngq,@&gs{%eonm characterised in
that the substrate (1) is nade of cadmumw th n2= 1.13- 5.01), the | ayer
(2) having an witheinteger and4@itao wicertairdpof 2r% <inrtbesvaldesiof nfardigpor t
according to any of the claims 1 to 4 and 7 to 10, characterised in that
the substrate gl) and the (2) have the specificities of the follow ng table
wherein ni and6eA supparhaceerding endaime, ahacaaiedsedin thad odgamaller thae 5°,
conpl ex refragid j i HES i i air as a surroundi ng
o um (3) . 10 e Endiiohs Bt Henga R bedd redbd® X o d 040 - 2. 6
1.70 694 Silver 0.13 - 3.44" 1.59 795 Alumnium0.92 - 0.95" 2.01 346
Nickel 1.76 - 3.2' 1.51 847 13. A support accordinglto any of the clainms 1
to 4 and 7 to 10, characterised in that Q@ i1s,an g¢erage angle of incidence
equal to 20 and in that the ! 0 2

10 and

A
)

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

n.e4c0s6; = %—"’

7. A support according to 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 8¢ which is unique within £ 2.5°.

8. A support according to any of the claims 1 to 4 or 5 to 6, characterised in
that it is intended for use in incident and convergent axial illumination with an
20 average angle of incidence 6q associated with its total angular opening A6, by

the relation :
cosfg = c052[A29°J

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, characterised in that the
ilumination has a continuous wide spectrum or is polychromatic with
maximum span £ 0.3 A around its average wavelength A.

30



15 substrate (1) and the layer (2) have the specificities ofSDERCEMBERINy
tabl e wherein ni and el are the index and the thickness of the layer (2), n2
the conplex refraction index of the substrate (1), in the air as a
surrounding nedium (3) and A. = 540 nm Substrate n2 nj el(A) Cold 0.40 -
2.6' 1.64 739 Silver _0.13-3.44j 1.55 83842A uninium 0.92-0.95] 1.89 399
Nickel 1.76 - 3.2) 1.48 890 20 14. A support according to any of the clains
1to4 and 7 to 10, characterised in that eo is equal to 5 and in that the

substrate (1) &mdAtsu@ppatywcqumgH@\@x akthesglaims ilcior 4 @ndof t@ H&), fnamenéaﬁi rﬂ@r

tabl e wherein pie §Nhelajrea al Si@rddiing AeHibme 3)tmtﬁ‘9§)e§%0‘9faﬁd“§é='
within 2 % n2 the conpl ex refrt?lctlon i nde

MBER 20
substrate (1), charackesisedqik thit theesuhstrale rﬁ%) rﬂ% miun -W'é'B@H 1ni;“'\/vhen

the layer (2) 5$>1getale |ayerqayinw|ngamna5xﬁ49 N4 landtén.e= wmw@a&ems Substrat e
n2 no nl el_Gold 0.40 - 42 490 Gold 0.40 - 2.6' 1.5 1.79 755

Silver O. 1§- 3.44" 1.33 2.28 512 Silver 0.13 - 3.44' 1.5 2.7 412 Al um nium
0.92 - 0.95 112. A%uppdrt Aéadkeing o @ny-ofdha cldim331 2o #larkd’' 7 toN(; loblardct@ised

3.2" 1.5 2.45 4

> o5 B84 caqnini? fﬁl%n%%g%ﬁat%?“g B sné figietp i%%a‘g@@%g 4t e B1BYing Pl

1. 48-5. 25 1. 33whetsinéy@ndTenare te-ifdesjand.tbe 2hisBn&sssoiOhedayer, . Ma4h@ co6ojplex

1.62 746 refraction index of the substrate (1), in the air as a surrounding medium (3),
10 6p=5°and A=540 nm

Substrate n; ny es(A)
Gold 040-26j [1.70 694
Silver 0.13-3.44j {1.59 795
Aluminium 0.92-0.95j [2.01 346
Nickel 1.76 - 3.2j |1.51 847

13. A support according to any of the claims 1 to 4 and 7 to 10, characterised
in that 8, 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 nqs and eq 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 A = 540 nm.

Substrate |no n es/(A)
Gold 040-26j |[1.64 |739
Silver 0.13-3.44j11.55 |838
Aluminium {0.92 — 0.95j{1.89 [399
Nickel 1.76-3.2j {1.48 [890

20
14. A support according to any of the claims 1 to 4 and 7 to 10, characterised
in that 6 is equal to 5° and in that the substrate (1) and the layer (2) have the
specificities of the following table wherein n{ and e4 are the index and the
thickness of the layer (2) within 2 %, n, the complex refraction index of the



Copper 1.04-2.59] 1.33 2.23 423 Copper 1.04-2.59j 1.5 2.83 03ECEMRER 2006
(evaporated), 1.51-1.63) 1 1.54 737 1.51-1.63j] 1.33 2.23 423 1.51-1.63j
1.5 2.72 305 5 15. A support according to any of the clains 1 to 10,
characterised in that the paranmeters defined by the clains 11 to 14 are
kept with the exception of the wavel ength4d, and of the thickness el of the
| ayer 2 which are nodified proportionally, a not being nodified. 10 16. An
accessory intended for observing a preferably liquid sanple forned of a
Petri dish andsubstﬁatﬁ(dmomathenngﬁ&@(ﬂth%suw@@@qimgrrge@und( anpt 889,3 nm when

characterised hd|dyBR{2) is rhde SFEAMIurG aRB!i=L540hiintthe Gthef B8s¢d.ai s 1 to
15, - the support “is the bottomof this dish. 05 DECEMBER 2006 44 17. A

device for observing a sanple including an optical mcroscope a  support
intended for rlecegubBfafedi d [sanpl engnd two crssed palari sersg,

characterised |in that fhe suppol{ .COOp.T €S W any of _the clains|1 to 15. 5
18. A devi ce flor nhgpl [/i ng 2 qurﬂge_ Q&1 udi ngggn Dt Agl m rgadrn e, an

accessory intgnded Geld receilvi ig4eai 2leganpl e 1ad {woi1 gpossed7Hsl afi sers,
characterised {in t E the adcessQly copplifes yﬁth tr:f: gla mé? D 19. A
device for obsem_%_"ﬁ_rsa.apl.e Nt Uei-Ry an n1p,'r‘nl £ oscop ,29 support
intended for rlecei v§ingrsai d [sagpl P~ 34490l ari 9e8 and @ Puarteqqdave bl ade,
characterised |in at. The suppari, c éjes;vvlt‘h any the C ns|l to 15.
15 20. A devi defoMHMWIBYRM i ng ¥-%on ingludi j scope, an
accessory intgnded Nigket eceilvi nh78ai 8.2¢anpl €1.33 pol a@.Mder | an§72 quarter-wave

bl ade, charactleris that] th ccgssory c [1es h ¢lap,m16] 21. A
devi ce for observin Créeqsanp! e aﬁzgr_dgjg 1.2} cﬂgg)m 16 %141517 or4?:%, 20
characterised |in Camituire opti chl13rb.0dpscope s fittedOw {h 870i fferenti al

interferenti al co%tar rr?lbmdev' ce. 1.13-5.01] 133 205 684
Cadmium 1.13-5.01j 1.5 2.36 582
Tin 1.48-5.25j 1 1.48 899

Tin .1.48-5.25j 1.33 2.02 640

Tin 1.48-5.25j 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 (evaporated) 1.51-1.63j 1 1.54 737
1.51-1.63j 1.33 2.23 423

1.51-1.63j 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 eq of the layer 2 which are modified

proportionally, ;—1 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 sample, characterised
in that:

- the support complies with any of the claims 1 to 15,
- the support is the bottom of this dish.
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17. A device for observing a sample 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 claim 16.

19. A device for observing a sample including an optical microscope, a
support intended for receiving said sample, a polariser and a quarter-wave
blade, 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.





