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Abstract. The methods of synthesis and designing of the two-component unequal thickness
multilayer interference systems as well as interconnection of their indices of layers are pre-
sented. A solution of the problem of suppressing high reflection zones at any harmonic
frequency while maintaining high reflection at the operating frequency is proposed. The
evolution of refractive zones at the inclined light incidence on the multilayer systems are
studied. The results of the synthesis of antireflective coatings for some widely separated
wavelengths are discussed. The application of results for the specific spectral characteristics
and interference filters are proposed.
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1. Introduction

The design of highly effective systems of the optical in-
dustry, nonlinear optics and laser techniques is closely
connected with the development of optics for elements
with different thin film coatings. Most frequently the pe-
riodic equal-thickness structures are used [1]. But those
possess the limited spectral characteristics. In many cases
the multilayer coatings with the definitely determined
characteristics in several regions or with the broad bands
of reflection or transmission are necessary. Sometimes
these problems can be solved using the periodic multilayer
structures where the individual layers have a different
optical thicknesses [2]. And, what’s more the seach of
most optimal multilayer system is essentially simplified
when the repetative periods have symmertic disposition
of the layers [3-8]. In this paper, new achievements in
modification of the spectral characteristics of multilayer
dielectric systems that may be reached by changing the
optical thicknesses of layers only within the thickness of
repetative symmetric periods are presented.

2. Theoretical background

The designs of periodic two-component unequal thick-
nesses multilayer coatings can be represented as
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S{{(1+a)A(1-a)B]"} Sy — for asymmetric systems and
S{{(1+anA(1-a)B]"(1+a)4}S, or S{(1+a)A4/2[(1+a)x
AR(1-a)B(1+a)A2]"(1+a)A/2}.Sy — for symmetric ones,
where S'is the substrate with refractive indices ng, Sy is the
environment media with refractive indices ng (usually Sy
is air and ny= 1), mis the number of periods, A and B are
the layers correspondently from the high or low refractive
film forming matters with refractive indices n4 and ng
and quarter-wave optical thicknesses n 4d 4= ngdg = Ao/4
for definite wavelength Ay ata=0,-1< a <1 is the factor
which indicate the interrelation between the thicknesses
of layers [2-4].

The position and bandwidths of the high reflective
bands of the unequal thickness asymmetric multilayer
systems are determined from equation [2, 3]

cos(artAyA) + Ty g = R4 psIn(TTAYA) (1

where T, p and R,p are the energy transmission and
reflection coefficients of the layer boundary, respectively.
As can be seen the varying of a values the high reflective
bands may be obtained at different integer values of
t = Ay/A. Bandwidths of these regions depend on a and
also on ny and ng. The more is difference between the
refractive indices, the wider is the reflection region.

To analyze the possibility of obtaining the transpar-
ency in a long wave region of spectrum, it is necessary to
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consider the spectral range of Ay/A.< 1 in detail. It is
known that the spectral characteristic of symmetric
multilayer system is equivalent to single layer having a
thickness of mA,/2 similar to that of the stack and equiva-
lent refractive index N the same as for symmetric periods
determined by [1, 4]

N =n4l(a-b)l(a +b)]" (2
where a =sin29,cosdg + (1/2)(N4/Np + Np/N4)c0s2d sindp;
b= (112)(n4/np+ Np/N4)sindg;

oy =(2mydycosBy)/A; O =(2mmpdgcosBp)/A;

N4, =N 4 pcosBy p for s-polarization and
N4p=n 4p/cosB 4 p for p-polarization,

n4 and ng — effective refractive indecies, d4 and dgp —
phase thicknesses, d 4 and dp — geometric thicknesses, 84
and g — angles which definite the direction of the light
propagation in the layers of 4 and B, respectively.

It’s easily seen that any required value of N can be
achieved under the suitable choice of parameter @ and at
fixed n4 and ng . Moreover, N can be obtained both with
negative and positive dispersion in some limited spectral
range depending on n4 and np ratio.

In a general case, the reflection and transmission spec-
tra of any periodic multilayer system consist of repeated
periodic alternated zones of the high reflection and trans-
mission. Position of short and long wavelength zone
boundaries as well as of their bandwidths can be deter-
mined from analysis of the argument of the Chebychev
polynomes [1, 2]. The spectral location of these bounda-
ries can be find from equation [4]

cosfcosPp-0.5(n4/Np + Np/NsinfysinBp = +1 3)

where 8,=0.511Ay/A)(1+a)cos8,, Bg=0.5AyA)(1-a)cosBg

In some special cases, the analytical expression for
bandwidth of high reflection zone can be obtained. For
example, such expressions are well known for the quarter
waves stack at normal incidence and also for unequal
thickness periodic structure of form S(4 B)" [2] . But for
arbitrary values of incidence angle 6, and parameter a
the exact position of boundaries and bandwidth of the
reflection zone are obtained by numerical solution of
expression (3).

3. Suppressing of the high reflective zones

The both structures (asymmetric and symmetric) at & =0
represent periodic quarter-wave stacks of the form
S{(AB)Y"}Syand S{(A/2)[(4/2)B(A/2)]"A/2}S,. In fact the
symmetric stacks differ from the asymmetric ones by the
presence of the additional A layer. Because of nyd, =
npdg = Ay/4 the both systems are characterized by the
spectral dependencies of reflection R(Ay/A) that is sym-
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metric in relation to the maxima localized near the odd
integer values of 1 = Ay/A or the transmission 7(Ay/A) ones
localized at even value of ¢ (Fig. 1a). Ordinarilly, the
multilayer coatings with broad bands of transmission or
reflection in different regions of spectrum are necessary
for many practical applications. To obtain a transpar-
ency at given integer ¢ and the shorter wavelength A than
Ao, it is necessary to suppress the corresponding zone of
high reflection. For the even ¢ the depression takes place
at a =2k/t [k =0,1, ..., t/2] and for odd ones — at a =
Qk+1)t [k=0,1, ..., t12]2k+1)/t [k = 0,1, .., (¢ - 1)/2]. At
the same time while depressing high reflection zones, there
is some decrease of the reflectivity also at = 1. The more
a, the more strong decreasing is obtained (Fig. 1d and f).
Beside that the form of spectral dependencies differ for
the case nyd > npdp and n, d < npdp . This feature is
illustrated in Figs Ib and c for two assemblies with the
zones depression at ¢ = 3. Their structure being of the
S(1.3340.67B)"1.334 (Fig. 1b) and S(0.6741,33B)"0,67A
(Fig.Ic)at @ = 0,33 and S(1.240.8B)™1.24 (Fig. 1d) and
S(0.441.6B)"0.44 (Fig. If) at a =0.2 and a = 0.6 corre-
spondingly. As can be seen the high reflective band at
t = 3 is depressed at a = 0,33 and the high reflectance
band at 7 =5is depressed at @ =0.2 and a = 0.6. For the
second case the reflectivity at ¢ =1 is greater at a = 0.2
than at a = 0.6.

Itis important that the spectral characteristics of the
same multilayer coatings are different for case of equal

T T
o5y Lljli.llull'illllili-l.lliliwl | 11||i|!l|lllll!|
0-0_1'-'.?"'1“' q '(tl,".\'l.'l.'-‘.".l,l“‘ 'lh'-""-'%

0.0u=

”’1 ﬁ"\' ”\ ;ﬂwl P

I
JIL |il{r-'.-'.r .-' .'.

g Ellﬂ "unlrt
os] | _ 1
E | d | | |

0.0'

0.0 (=
i F' r |IIII J P | ] l' *
0.5 ‘
. J | I
0.0 2 wl !
0 1 2 3 4 5 6
Ao/ A
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refractive indeces ng = ng, and for case of unequal refrac-
tive indices ng # ng,.

For the case of equal refractive indices ng = ng, the
dependencies of the position of the first high reflection
zone boundaries from parameter a is shown in Fig. 2,
and the spectral dependencies of the reflection coefficient
for multilayer structures S(A4BA)"S, at different inci-
dence angles 6, are shown in Fig. 3. The solid curves in
Fig. 2 correspond to the first high reflection zone bounda-
ries for s polarization of light wave and dotted curves -
for p polarization. It is seen that position and bandwidth
of high reflection zones essentially depend on angle 6,
and value of parameter a. The high reflection zones are
shifted towards the short wavelengths with increasing 6,.

Ao/A
18 F

Fig. 2. Boundaries position of the first high reflection zone for
different incidence angles 6.
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Fig. 3. The spectral dependences of the reflectance of the multilayer
structures S(ABA)!0S for different incidence angles 6): 20° (a),
40° (b), 50.6° (c), 60° (d), 70° (f). ng = 1.52, ny = 1.45, ng = 2.0.
Solid curves - s polarization, dashed curves - p polarization.
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Under increasing 6, from 0 to the Brewster angle O,
(for example, B, = 50.6° for ny = ng, = 1.52, ny = 1.45,
ng = 2.0), the reflective zone bandwidth D(Ay/A) is in-
creased for s-polarization and decreased to zero for p-
polarization (p component is full transmitted). At further
increasing 6, the high reflection zone bandwidths for both
polarization are increased.

For the case of unequal refractive indices ng # ng, the
decrease of the reflective zone bandwidth D(Ay/A) for p
polarization is more slow then it is for ng = ng, at the
same optical parameters of the multilayer system. Such
multilayer systems (ng # ng,, ng, = 1, Sp — air) are more
effective for designing reflective filters.

4. Anti-reflective coatings for several spectral
regions

The possibility of obtaining N with any required values
enable to use such symmetrical multilayer system as
antireflective coatings simultaneously on several wave-
lengths. It was obtained that the possible values of N can
not be less of smaller and more of greater n4 or np at
Ay/A-0.Ata=0the N = (nyng)?andif ny >ngand ais
changed from -1 to 1 then N value increases from n4 to ng
for period (1 +a)B/2(1 - a)A(1 +a)B/2 and decreases from
ngto ny for period (1 +a)A4/2(1 — a)B(1 +a)A/2. The
spectral dependence of the reflectance R of the multilayer
structure S{(1 +a)A4/2[(1+a)A/2(1-a)B(1+a)A/2]"x
x(1+a)A/2} that consists of m symmetrical period
(1+a)A/2(1-a)B(1+a)A/2 on substrate S, is the oscillat-
ing function between two envelopes R and R, (Fig. 4).
The envelope R is the spectral dependence of substrate
reflectance without multilayer structure, and R, is the
spectral dependence of substrate reflectance with quar-
ter-wavelength film with reflective index N. If the struc-
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ture parameters are chosen in such way that the substrate
refractive index ng > N, then R-function minima would be
on R, and R-function maxima would be on R;. The values
of R =01is obtained at N = (n5)""2in the points of minima.
Their quantity is determined by the full optical thickness
of the multilayer structure [(1+a)A4/2(1- a)B(1+a)A/2]™.
As the optical thickness of (1+a)A4/2(1- a)B(1+a)A/2
period is Ay/2, then in practice the repeated period multi-
plicity m determined the extrema number obtain the
minima R at assigned wavelengths A; (A; > Ag) it’s ne-
cessary that they will be described by the expression
A =2mAg /Q2r —1), where r =1, 2,3, ...

Using this method the special anti-reflective coating
was received. It is anti reflecting for two wavelenghts
Ap=10.6 and A, =1.06 L.

Its structure is S{(1+a)4/2(1-a)B(1+a)4/2}!1, and
parameters are as follows: ny=1.35, ng=2.3, ng =2.52,
a =0.496, Ay =420.8 nm.

Respective reflections are R(A = 1.06 m) = 0.0003
and R(A =10.6 u)=0.006 (Fig. 4).

Thus, by the variation of a, Agand  factors the coat-
ings with broad transparency bands or with simultane-
ous antireflection at some wavelengths can be realized.

5. Optimization of the design of prism
interference polarization splitters

The problems of production of linearly polarized light
and separation of light fluxes with respect to polarization
using of interference multilayer coatings are extensively
studied [6-20]. In the prism and plate-type designs of in-
terference polarizers (IPs), which are most widely used,
the radiation incident on a multilayer coating is sepa-
rated into the reflected and transmitted beams polarized
in mutually orthogonal directions. The coating of an IP
represents a multilayer two-component interference sys-
tem formed by alternating layers of materials with high
and low refractive indices ny and n;. The prism interfer-
ence polarizers are used for the production of linearly
polarized light in devices working at fixed wavelengths
and in a wide spectral region. A conventional design of
such an IP represents two rectangular prisms glued to-
gether, with a multilayer coating deposited onto the hy-
potenuse faces of one prism or both of them. To increase
transmitted light intensity, some IPs have an optical con-
tact between the prisms and not a glued pair of prisms [17]
or use a special cell filled with a liquid, thin substrate as
well as multilayer coating placed inside the liquid and
oriented at a certain angle to the incident radiation, in-
stead of the prisms [16, 19]. The optical thicknesses of the
layers are determined by the spectral region of the maxi-
mum values of the degree of polarization. Their values in
the direction of light flux propagation are chosen equal to

I’lHdH:I’lLdL:O.Q,S/\O’ (4)

where dy and d; are the geometrical thicknesses of the
layers H and L, respectively, and Ag is the wavelength

374

corresponding to the center of the spectral region with
the maximum degree of polarization.

A high degree of polarization of reflected and trans-
mitted radiation is provided in the case where the reflec-
tion of radiation from the interfaces of the structure takes
place at the Brewster angles
by :arctann—L, o :arctan”—H, ®)

nH np

Here, ¢ ; and ¢, are the angles determining the direc-
tions of propagation of radiation in the layers H and L,
respectively. It is more common to use another repre-
sentation of condition (5), namely,

g __ "L
cos¢, cosp;

Conditions (5) and (6) can be fulfilled by way of match-
ing the refractive indices of the prisms (ng) and the layers
(ng and ny ) and, moreover, the angle of incidence on a
multilayer coating ¢, which is commonly chosen equal
to the prism angle ¢,. This is possible in the case where
one satisfies the equality [5]

(©)

2 2

2 2 _ nhgnp
ns SnT g5 =55 ™

nH +nL

There are three main types of prism IPs, which differ
by the conditions of transmission and reflection of light
at the layer-layer and prism-coating interfaces. They are
characterized by different spectral dependences of the
degrees of polarization for reflected (Pg) and transmit-
ted (Pp) light, which are determined by the expressions

R, -R,
"R, *R,

T, -T,
Pr =
" e, ®

Pr and

where R and R, are the reflectivities and 7 and T), are the
transmittances for the s and p components, respectively.

The A type IP (IPA) corresponds to the case where
conditions (5) and (6) for the Brewster angles are fulfilled
at all the interfaces (the prism-coating and H layer — L
layer interfaces). In this case, ng = n;, and the IPA pro-
vides the maximum degree of polarization in the reflected
and transmitted beams (Pg = Pr), with the angle between
these beams @7 # 90° because @, = 5 #45° (if ¢, = 5 =
45°, we find, in view of (6) and (7), that ng =n; =np).

The B type IP (IPB) corresponds to the case where the
conditions for the Brewster angles are fulfilled at the layer-
layer interfaces only. In this case, ng # n; # ny. The IPB
provides the maximum degree of polarization for the
transmitted beam only, and the degree of polarization
for the reflected beam is Pr < Py . However, one can
obtain in this case the angle beams ¢ = 90°, provided
(¢, = ¢5=45° (polarization cubes).

The C type IP (IPC) corresponds to the case where the
conditions for the Brewster angles are fulfilled on none
of the interfaces.

SQO0, 3(3), 2000
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Fig. 5. Design of prism interference polarizers.

The schematic designs of IPA and IPB and their prin-
ciples of operation are illustrated in Fig. 5. The design of
an IPA may be similar to the designs of IPA and IPB, but
in this case it provides efficient operation at fixed wave-
lengths or in a very narrow spectral region only. The
spectral characteristics of IPA, IPB, and IPC are sub-
stantially different (Fig. 6). These distinctions are asso-
ciated mainly with a strong dependence of the transmit-
tance on the angle of incidence for the p component of a
light beam. In real conditions, the maximum width of the

operating region of IPA and IPB, in which the highest
intensities and degrees of polarization for the transmit-
ted and reflected beams are obtained, is limited by the
width of the region providing a high reflectivity for the s
component of light.

However, the latter region can be expanded by depo-
sition of several multilayer systems with quarter-wave-
length layers for several fixed wavelengths. In this case,
the transmittance for the p component is independent of
thickness and number of layers because of the fulfillment
of the conditions for the Brewster angles at the layer-
layer interfaces. In the case of the IPC, the width of the
operating region of a polarizer increases with decreas-
ing the difference between the angles of incidence and
the Brewster angles. Sometimes, the operating region of
an [PC is widened owing to the use of multilayer coating
with unequal thicknesses parameters of which are deter-
mined by various optimization methods [20]. The main
disadvantage of such IPCs is that their fabrication re-
quires a considerable complication of technology, which
is associated with the necessity of excluding the smallest
deviations in the thickness of layers being deposited.

Up to the present time, the problem of designing in-
terference polarizers providing the maximum possible
degrees of polarization (100%) for orthogonally propa-
gating transmitted and reflected beams was unsolved. At
the same time, the use of polarization splitters, which
split the incident beam into two beams with orthogonal
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Fig. 6. The spectral dependences of (a, c, ) the transmittances T, and 7}, for the s (solid curves) and p (dashed curves) components of

radiation, respectively, and (b, d, f) the degrees of polarization P and Py for the transmitted (solid curves) and reflected (dashed
curves) beams, respectively, for (a, b) IPA, (c, d) IPB, and (e, f) IPC with 15-layer coatings (HL)"H. The reflection from cathetus surfaces
is ignored. For all Ips, ng = 1.673, ny = 2.3, n; = 1.38; ¢, = ¢5 = 51.125° ( IPA), 45° (IPB), 60° (IPC).
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polarizations and directions of propagation, makes it
possible to considerably simplify the design of laser inter-
ferometers [14]. However, the B type interference pola-
rizers, which are suitable for this purpose, have a sub-
stantial deficiency. Their spectral dependences of T,
transmittance for the p component, and Pg, the degree of
polarization of a reflected beam, are oscillating func-
tions, which is caused by the fact that it is impossible to
fulfil the condition for the Brewster angle (5) at the prism-
coating interfaces.

Indeed, for each prism-coating interface of the IPB
with the angles ¢, = ¢ = 45°, the maxima of the function
T,(AyA) are found on the straight line 7,, = 1, and the
minima are found on the straight line

4 2.2 4 2.2
"R fen] "

Here, ng=ngcos¢g, Ny =nycos@y and Ny =nycosP;,
are the effective refractive indices for the p component of
radiation in the prism, the layer H, and the layer L, re-
spectively. Using the law of sines

(10)

ngsingg = ngsingy = nysing;

and relation (7), one can represent expression (9) in the
form

_ 16x2(x* +1)?

12 2
dx? +(x? +1)?

(11)

where x = ng/n;. From the analysis of expression (11) it
follows that the greater is the ratio ny/n; , the lower is the
transmittance 7. If the amplitude of oscillations of 7),in
the IPBis to be not greater than 1 %, the ratio ng/n; must
be smaller than 1.45. For zinc sulfide ZnS (ny = 2.3)
and magnesium fluoride MgF, (r; = 1.38) as an exam-
ple, which are commonly used as film-forming materials,
np/ny, = 1.667, and the corresponding value of T, .5, is
0.984. At the same time, a decrease of the ratio of refrac-
tive indices of layers causes narrowing the operating re-
gion of the IPB A(Ag/A).

Moreover, a decrease ny/n; results in the fact that
the achievement of rather high values of reflectivity for
the s component as well as degrees of polarization for
reflected and transmitted radiation requires an increase
of the number of layers in an interference coating. The
latter is able to cause considerable technological prob-
lems in the fabrication of a polarizer, which are associ-
ated with its strength and reliability.

From (9) it follows that the equality of effective re-
fractive indices ng = ny gives the transmittance 7, =1,
but, as shown above, this cannot be realized in the IPBs
for the angles ¢, = ¢g = 45°. Because of this it seems
reasonable to use the methods known in the theory of
antireflection coatings in order to suppress oscillations
of Tp by matching a prism to a coating. As will be shown
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below, in the majority of cases it suffices to introduce one
matching layer refractive index of which for the p compo-
nent is determined from the condition specifying the rela-
tion between the effective indices of the matching layer,
prism and layer with a high refractive index
Ne=(snm"?. (12)

Here, n¢=nc/cos@c, ncis the refractive index of the
matching layer, and ¢ is the angle specifying the direc-
tion of propagation in this layer. The n¢ can be obtained
from the expression for the refractive index of the match-
ing layer (12):

/2
g

n —-n
I’lC:D’lHI’lLD]i H L

which shows the existence of two values of this refractive
index n¢. The optical thickness of the matching layer is
chosen so that its value in the direction of propagation of
light be equal to a quarter of the wavelength Ag:

(13)

nc dc COS¢C = OZSAO (14)
Fig. 7 presents the spectral dependences of transmit-
tances and degrees of polarization calculated for IPBs
with conventional structures of the multilayer coating and
structures having an additional matching layer. It should
be noted that the spectral dependences of transmittance
T, for both values ¢y and n¢y, which are the solutions of
(13), are totally identical, whereas the spectral depen-
dences of T (the transmittance for the s component), have
a small mutual shift. In the operating spectral region of
the polarizer, the corresponding dependences of T are
shifted in the direction of small Ay/A (long-wavelength
region) for ney (e < nep) and in the direction of large
Ao/A (short-wavelength region) for ;. This is associated
with the fact that the effective refractive index for the s
component that corresponds to n is smaller that for neq
The possibility of choosing the refractive index for the
matching layer simplifies the procedure of determina-
tion of optimum parameters of polarization splitters.

6. Prism polarizers for broad aperture beams.

The optical properties of IPs depend on the aperture of
an incident beam because its increase causes changes in
angles of incidence on a coating, effective optical thick-
nesses of layers, and reflectivities for polarization com-
ponents. As the angle of incidence ¢g decreases, the oper-
ating spectral region of an IP AA, becomes narrower.
This is accompanied by an increase of Tyand a decrease
of T, as well as the degree of polarization of transmitted
radiation P7. As the angle of incidence ¢g increases, the
width A and the degree of polarization increase, whereas
Tyand T, decrease. In the case where one uses a diver-
gent beam, the IPA is characterized by lower losses for
the p components than the values observed for the IPB

SQO0, 3(3), 2000
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Fig. 7. The spectral dependences of the transmittances T, and reflectances R, for the p and s polarized light, respectively, and the

degrees of polarization Py and Py for the transmitted and reflected beams, respectively, for Ips with multilayer coatings: (1) (0.5LH0.5L)7,
(2) C1(0.5LHO0.5L)’C; and (3) C(0.5LHO0.5L)’Cs. ng = 1.673, ng = 2.3, ny = 1.38; ncy = 1.444, ney = 2.064; ny dy = 1.666(Ag/4);

npdp= 1.942(Ap/4); ncidey = 1.744(Ao/4); neader = 1.22(Ag/4).

[13]. For the deviations of the angle of incidence from the
optimum value by 1 to 2°, the spectral dependences of Pg
and T), have dips, which reach 10-20%. The plate-type
polarizers are characterized by a considerable achieve-
ment. Their angular aperture for incident light was in-
creased up to 5-10° with retention of high 7, > 95%[12].
However, in the case of interference coatings formed by
layers with unequal thicknesses and symmetric periods,
the aperture of incident radiation can be increased up to
20-24° with preservation of spectral characteristics of a
polarizer in the operating spectral region [6, 7]. It fol-
lows from (2) and (5) that for p component of radiation,
the equivalent refraction index N, =n, = ngand does
not depend on a thickness of layers when realizing con-
ditions (5). If the prism refraction index ng is selected in
such a manner that it satisfies the condition of Brewster
angles on the boundary the prism — coating, then trans-
mittance of the p component radiation 7, = 1. In other
cases transmittance will be oscillating function with
maxima on straigt line 7, = 1 and minima on line
T = 4NN (0 + Ny 2, (15)
where ng = ng/cosgg— effective prism refraction index.

Thus, when conditions (5) realized an equivalent re-
fraction index of a multilayer system and transmittance
of p component do not depend neither on the number of
layers, nor their thickness. Their values are selected from
condition of deriving of a maximum reflection for s com-
ponent radiations. Therefore, operating spectral region
of IPis a band of a high reflection of multilayer coating
for s component radiation.
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Atangles of incidence, when the conditions of Brewster
angles are not fulfilled, the equivalent refraction index
essentially depends on a thickness of layers. However,
also in this case, practically for any pair of filmforming
substances it is possible to reach an obvious equality
Ns = N, by changing relation of optical thicknesses of
separate layers in the period at preservation of a period
optical thickness. However, spectral regionin which it is
possible to receive high degrees of polarization for trans-
mitted and reflected light is already limited by the long
wavelength boundary of zones of a high reflection of p
and s component at the angle of incidence on the coating
¢ > ¢, (where ¢, — angle of a prism selected so that a
condition (5) to be fulfilled ), and at ¢ < ¢, — the appro-
priate short-wave boundaries.

In Fig. 8 shown are spectral dependences of the trans-
mittances for the s and p component of radiation at vari-
ous angles of incidence on multilayer coating. Prisms of
IPs were made from an optical glass K-8 (ng = 1.52) with
an angle ¢, = 51.125°. The angle ¢, is selected so that
the conditions of Brewster’s angles (5) in multilayer coat-
ing were fulfilled. Multilayer interference coating con-
sists of alternated layers of a magnesium fluoride MgF,
(n4 = 1.38) and zinc sulphide ZnS (ng = 2.3) and has a
structure (ABA) (optical thicknesses are 1 4d4=1.25Ay/4
and npdp =0.723A¢/4). It is visible, that at ¢ = ¢, trans-
mittance T), is poorly oscillating function with 7,"" =
0.9897. With increasing ¢ the long wavelength bounda-
ries of a high reflection zones are displaced in a short-
wave side (to large values of A¢/A). Thus, when of an angle
¢ is changed from 51.125° up to 65°, spectral range in
which 7,>and T < 10is decreased almost twice. Itis in
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Fig. 8. The spectral dependences of the transmittances 7, (1-5)
and T, (17-57) for the p and s polarized light, respectively, for Ips
with multilayer coatings (ABA)7 at incidence angles: 51.125°
(1, 1%), 53° (2, 27), 59° (3, 37), 62° (4, 47), 65° (5, 57). np=2.3,
ny = 1.38; ny dy = 1.25(A/4); npdg = 0.723(Ao/4).

limits of (0.9 — 1.05)A¢/A and (0.78 — 1.32)A¢/A at ¢ = 65°
and ¢ = 51.125°, accordingly. The increasing ¢ within
stated limits corresponds to increasing of an angle of inci-
dence on a IP’s leg surface from 0° up to 21.38° and in-
creasing of the prism effective refraction index ng, for p
component from 2.422 up to 3.597. Optical thicknesses of
interference coating were selected so that an equivalent
refraction index N,(AyA =1) = ng, at ¢ = 65°. At such
choice in all considered range of angles ¢, the equivalent
refraction index N, is close to an appropriate value 1g,,.
The values g, at ¢ = 51, 53, 59, 62 and 65° are equal
2.422,2.523,2.951, 3.238 and 3.597 respectively. All of
them in a spectral region (0.9—-1.05)A¢/A hitin limits of a
modification N, at an appropriate angle ¢. In a visible
region of a spectrum at Ay = 600 nm the region (0.9-
1.05)Ay/A corresponds to a modification A from 666 up
to 570 nm. Therefore, IP has not only wide aperture, but
also broadband.

Summary

The two component periodic multilayer coatings are a
success for solving of the different design problems. Us-
ing the symmetric periods with unequal thickness indi-
vidual layers is essentially simplified the design proce-
dure and have a large potential possibilities. And the
modern equipment permit to realize the most complicated
coatings.
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