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Precision measurement of optical characteristics of serially produced indium phosphide wafers, including
thickness, refractive indices of the substrate and transition layers, absorption of the transition layer, was performed.
The measurements were carried out using the method of invariants at a light wavelength of 1549.14 nm. A detailed
analysis of the target function revealed the presence of regular regions of localization of the target function values
— pockets. The width of the pockets, the period, the relationship with the parameters determining the number of
minima of the angular distributions of the transmission coefficients were determined. Confidence intervals of the
measured values of the optical parameters were calculated using indium phosphide as an example.
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Introduction

Getting the accurate values of the refractive index for
transparent materials is critical for design and manufacturing
of many optic devices, which includes design of high-
resolution optic devices, large numerical aperture, with
minimum spherical and chromatic aberrations [1], lasers
with the vertical radiation on the surface of the resonant
cavity [2], light-emitting and superluminescent diodes [3],
photodetectors [4], photovoltaic devices [5], thin-film multi-
layer structures, such as antiglare coatings with high
reflectivity and other spectral interference filters [6]. The
value of the refractive index dispersion (Sellmeier equation)
of non-linear crystals is important for design of frequency
conversion devices. For these applications the crystal
refractive index must be known with the accuracy of
0.0001 [7]. High demand for the accuracy of the substrate
refractive index is important for calculation of the integral
optics elements [8-11].

The first data on the indium phosphide refractive index
are from 1965 [12]. The values are given for the wavelength
range from 1200 nm to 1600 nm. [13] reports the value of
the refractive index for an InP film grown on a n-doped
substrate with carrier concentration to level 2 - 10'8 cm—3,
and its interconnection with the density of the charge carrier
in the substrate conduction band. [14,15] using the method
of multi-angle ellipsometry in the area of the Brewster
angle measured the refractive indices of the substrate of
indium phosphide and its oxide. The presence of the
natural indium phosphide oxide on the surface is discussed
in [16]. We find publication [17] important, which gives
the results of the temperature dependences of Si, GaAs and

InP wafer refractive indices relative to their values at room
temperature.

Interference methods for measurement of the refractive
indices of the optical materials are found to be most
accurate [18,19]. Multiple rereflections in the interferometer
cause unlimited increase in the length of light interaction
with the material, which provides for high accuracy in de-
termination of material parameters by interference methods.
This is the method used to measure the refractive indices
of standards [20]. There are two types of interference
methods — absolute and relative. The absolute method is
in fact the method to measure light velocity in the specimen
material. The relative interference method is based on
comparison of the interferograms of the standard, with
its refractive index measured by the absolute interference
method, and of the specimen. Both methods require high
precision knowledge of both the length of light interaction
with the material and the value of the probing radiation
wavelength. It is critical to account for the transition layers
between the contacting media [21,22]. An error, depending
on the selected method, may reach 10%, which is not
acceptable for design of integral-optical circuit chips. It is
also necessary to keep in mind the potential dependence of
the measured parameters on the substrate thickness, since
the phase length (the number of wavelengths fitting on
the thickness of the sample D with the refractive index
n) for the wafers used to develop integral-optical elements
Dn/A < 10°.

The minimization approved by all parameters (calcula-
tion of the structure parameters using experimental data)
is a rather complicated task, and for its solution it is
necessary to develop a specialized algorithm. The role of
numerical experiments that explain the transformation of

1218



Integrated precision measurement of optical characteristics of serial indium phosphide wafers

1219

\\\\

Figure 1. (a) Measurement bench diagram. / — solid-state single-frequency laser BLD-1550-BF-20, 2, 7 — IC photodetectors PM-100,
3 — wedge-shaped beam splitter, 4 — Glan prism, 5 — alignment unit based on software controllable turn table Thorlabs HDR50, 6 —
specimen, 8 — automated unit to control the alignment unit and to record the measured parameters, 9 — unit of temperature stabilization
of the laser diode; (b) scheme that explains the location of the layers in a model of a five-layer symmetrical structure. The transmission
of the beams is shown with the arrows. Designation of layers from the top to the bottom: refractive indices {n; = 1, fi, nz, iy, Ny = 1};

thicknesses {d; = oo, th, ds, dp, d; = o0}
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Figure 2. (a) Angular dependence of the transmission ratio near the normal line at the temperature of laser diode +19°C (red line),
+23°C (blue), +25°C (green), +27°C (brown); (b) deviation of the sample rotation angle from the linear trend in angular seconds.

the target function in process of minimization increases. A
question arises in the selection of parameters that most
clearly represent this transformation. The objective of
this paper is exactly this complex approach to measure-
ments and calculation of the main optical characteristics
of materials implemented experimentally on the indium
phosphide wafers. The measurements were made at the light
wavelength 4 = 1549.14nm at temperature 23°C on InP
wafers of serial production using the absolute interference
method — method of invariants [21]. The experimental
results were processed on the basis of a mathematical model
of symmetrical five-layer structure.

Interference refractometer of absolute

type

Measurements of the interference pattern with light
transmission through the sample were made on the bench,
the principal diagram of which is shown in fig. 1,a. The
main element of the optical part in the diagram is the
alignment unit 5 with a measured object 6 fixed on its
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platform.
following:

e ability to match the working surface of the structure
with the platform rotation axis (designated with a red point
in fig. 1,a);

e location of the optical axis in the plane perpendicular
to the working surface of the structure;

e match of the optical axis from the source of probing
radiation / with the platform rotation axis;

o variation of the angles of probing radiation incidence on
the specimen in the range ~ 180°.

A beam of light linearly polarized in the incidence
plane (p-wave), from a single-frequency source of radiation,
directed along the optical axis, passes through the wedge-
shaped beam splitter 2, Glan prism 4, specimen 6. Its
intensity is measured with photodetectors 2 and 7. The
program unit 8 controls the rotation of the alignment unit
platform 5, records the measured values, calculates the
optical parameters of the structure.

The source of light used was a solid-state single-frequency
laser BLD-1550-BF-20, with external programmable unit of

The alignment unit design provides for the



1220

L.A. Fedyukhin, E.A. Kolosovsky, A.V. Gorchakov

temperature stabilization Thorlabs TTC001, which provides
for the maintenance of the laser working zone tempera-
ture at the level of (18.0+0.1)°C. Such stabilization is
important, since the preliminary experiments recorded a
substantial impact of the laser diode temperature and the
resulting change of the emitter wavelength at the angular
distributions of the transmission coefficients (fig. 2, a).

Direct measurement of the light wavelength using high-
precision meter Angstrom Laser Spectrum Analyzer (LSA),
Hifinesse Japan KK., Japan, confirmed the data sheet
values of the laser diode: A = 1549.14nm, Af = 200kHz,
however, could not provide the confirmed value of the wave-
length for temperature variation. Results shown in fig. 2,a
demonstrate high sensitivity of the transmission coefficient
to the laser radiation wavelength, substantially exceeding the
resolution of the high-precision meter Angstrom LSA.

The advantage of the proposed optical scheme is the use
of geometry for transmission. In this case the light spot of
the beam that passed through the specimen is practically
stationary and does not go beyond the photodetector
aperture when the specimen rotates. Besides, the plane-
parallel wafer of the sample in this scheme is itself a
Fabry-Perot resonant cavity. This substantially reduces the
level of noise signals caused by tiniest specimen vibrations.
Intensities of incident light and light transmitted through
the sample were measured simultaneously by two IR pho-
todetectors PM-100. In the beginning of every experiment
the calibration coefficient of the optical scheme K was
measured, which is equal to the ratio of intensities 13/l 0¢f,
recorded by photodetectors 2 and 7 (fig. 1,a), in the
absence of the sample. This made it possible to substantially
reduce the effect of the emitter intensity drift and to record
the actual specimen transmission coefficient at the output:
T = (I4/120n)/K.

The bench testing showed the following: aperture of the
probing radiation on the working surface of the specimen by
level 1/eis ~ 2mm,; divergence of the beam ~ 2 - 1073 rad;
the ellipticity of radiation after transmission through the
Glan prism was ~ 2 - 1074, the standard deviation of the
calibration coefficient of the optical scheme K from the
time-average one did not exceed 1074, The dynamic
range of transmission coefficient measurement ~ 80 dB. The
temperature of the room with the measurement bench was
measured with a sensor located near the sample. During
the experiment (~ 600s) the temperature variation did not
exceed 0.2°C at average temperature of 23.0°C.

Fig. 2, b shows the deviation of the sample rotation angle
measured in the experiment from the linear trend. The
measurements were made at equal time intervals (reference
points in 1s). The angles between the reference points
were calculated under the assumption of a constant angular
velocity of the platform. The transmission ratio was also
measured at equal intervals of time. The used scheme
practically excluded the effect of the platform rotation
irregularity 5 (fig. 1, a). The black lines in fig. 2, b indicate a
confidence interval in the measurement of angles amounting

to less than 0.3 angular seconds. The blue lines indicate a
standard deviation.

Mathematical model

The theoretical basis for the operation of the interference
refractometer of absolute type is a well developed section
of the optics of light interaction with multilayer plane-
parallel structures [23,24], being at the same time the Fabry-
Perot interferometers [25]. It is known [26] that for the
wafers with the ideal interfaces, when the thickness of
transition layers is zero, there is an invariant connection
between angles 6 = [0y, ... 6g], defining the position of the
minima of reflection coefficients/maxima of the transmission
coefficient in the interferogram:

(45in” Og. —3 sin® g—sin® Og.2)*
8(sin? Oq2 —2 sin® Ogy.1 +sin )

Inv, = sin® 6y —
Invg = 2sin®Og.; — sin> Oy — sin> 6
d = q+1 s q sim q+2-

Values Inv, and lnvg are permanent for this material,
do not depend on number q of the interference minimum
and may be calculated by the measurement of the angular
position in three nearest interference minima 6q. This makes
it possible to directly and independently calculate both the
refractive index and the wafer thickness:

A
n; = NI,

V2l nvd'

However, the multiple attempts of the authors to use
this property of the plane-parallel wafers failed. The
results of calculation based on the experimental data were
substantially different from the expected values both for
the refractive index and for the wafer thickness. A similar
situation occurs when trying to measure the refractive index
by the reflection coefficient near the normal, as well as near
the Brewster angle [22]. The conclusion is unambiguous —
the model of ideal interfaces must be supplemented with
transition layers taking into account the features of the real
structure interfaces. For plane-parallel wafers this leads to a
five-layer structure model. In the case when both surfaces
are treated using the same technology — to a symmetrical
five-layer structure (fig. 1,5). The middle layer models the
material, for which it is necessary to obtain the value of
the refractive index. The transition layers 2 and 4 take into
account the features of the real structure interfaces with the
environment (layers / and 5). The angular distributions of
the reflection coefficients provide the recurrent formulas for
mHlayer structures [23,24]

d; =

Omm—1+ m-1 exp(_iﬁmdm) :
I +dmm-1m-1 exp(_iﬂmdm)

Here ry, — generalized Fresnel coefficients,

— Nmcos Om_1—Nm—1 cos Om

Omm-1 = Nm €08 Om—1+Nm—1 €os O
cients for a p-wave,

Bm = “T”nm cos @m — phase length of mrth layer.

— classic Fresnel coeffi-
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Figure 3. (a) Target function dynamics. Curve family parameter — n, (black indicates the zero pocket); (b) target function dynamics in

the minus one pocket.

It would be reasonable to assume that thin transition
layers hardly affect the invariant ratios and extrema of the
angular distributions of reflection/transmission coefficients
will make it possible to unambiguously recover the structure
parameters.

Target function. Pockets

To test the suggested assumption, a numerical ex-
periment was done, where the observed parameters
were a vector line of extrema of the transmission co-
efficient for a light wave polarized in the incidence
plane — 6' = (68, 6,...6), for a test symmetrical five
layer structure with the parameters: refractive indices
of layers — {nf, n}, n§, n}, n{} = {1.0, 2.8, 3.16, 2.8, 1.0};
thicknesses — {d}, dt, d}} = {100, 365000, 100} nm. The
probing radiation wavelength is 1 = 1549.244 nm.

To solve the task at hand, it is necessary to minimize the
target function

F(di, ) = 16" —6(di, m)[, (1)

representing a sum of squared deviations from the position
of the extrema of the test — 6! and sample — 0 structures.
Summation in (1) occurs exclusively by the angular position
of the extrema. The amplitudes of the transmission
coefficient being a substantial source of errors do not
participate in the calculation. Moreover, the numerical
calculations show that the position of the extrema hardly
depends on such parameters of diffraction divergence of
the light beam and presence of absorption in the transition
layers. The expected values of the confidence intervals
for all the parameters of the structure determined by
the interference methods are ~ 1077, It is clear that it
is complicated to determine the minimum of the target
function of the four variables by simple searching — the
phase space volume is rather large. Number of points to
be processed exceed 10%. Let us analyze the dynamics of
target function minimization for the simplest case, when
the test structure consists of three layers (d) =dj =0).
Minimization is carried out according to two parameters of
the trial structure — refractive index n; and dimensionless
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parameter & = d% — number of wavelengths at normal

transmission through a layer with thickness of d; and
refractive index nz. It is important to note that parameter &3
is unambiguously related to the absolute number of the first
interference minimum from the normal line for the angular
distribution of the transmission coefficient [25]:

d
Myax = \‘273”4 = |_2£3J’ (2)
and also defines the number of interference minima of the
angular distribution:

2
N = Mpax — Mpin = |_2£3J - ’7253 1-— %-‘ (3)

3

Here my;, = [2(1—3 n3—‘ = |2&3;] — the absolute number of
the last interference minimum of the angular distribution of
the reflection coefficient.

The results of numerical calculations are shown in fig. 3.

We can see that values F(&3, n3), as function of Xis
(fig. 3, @), are localized in rather narrow periodically located
pockets. The minima of each pocket are implemented at
various values of parameter n (fig. 3, b).

With a change in &; the value mp,x remains constant in
a certain range or ,pocket®, until the integer portion of
2¢;3 changes by one. Therefore, the pocket width by &3
is 0.5. The total number of the interferogram minima in
the pocket remains constant, too — N. Moreover, integer
solutions to equation (3) when going to the adjacent pockets
contain a significant part of values N, equal to its value in
the zero pocket, the borders of which are indicated with
black vertical lines in fig. 4, a.

The numerical calculation shows that the minima of
pockets are located strictly periodically, with a period equal
to the double width of the pocket — one. The global
minima of the target function are formed with the equality
of the absolute numbers My« and My;, of the test and
sample structures. To form a local minimum in the pockets
it is sufficient that the total quantity of interferogram minima
coincide — N. The parameters of the structure determined
by each pocket (di", nin) differ significantly from each
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Figure 4. (a) Number of interferogram extrema; (b) transmission coefficient at parameters defined by zero (blue line) and second (red

dotted line) pockets (table. 1).

Table 1. Values of parameters produced by algorithm of
minimization in various pockets

Pocket Mmax ds;, nm m
-2 149 364748 3.15
-1 148 364874 3.15

0 148 365000 3.16
1 148 365126 3.16
2 148 365251 3.16

other (table 1). At the same time the angular distributions of
the transmission coefficient and the position of the extrema
are hardly distinguishable (fig. 4, b).

Such ,.similar*® structures were reported previously [27].
Their presence prevents the experimenter from obtaining
an unambiguous result of minimization. Only in the case
when the value of the target function in the minimum
is substantially lower than its value in several adjacent
pockets, the experimenter may believe in good faith that
the values obtained by minimization are valid. Otherwise it
is necessary to involve the additional data, in particular, the
results of the direct measurement of structure thickness with
the necessary confidence interval determined between the
minima in the adjacent pockets. Minimization by parameter
&3 has the practical value too, since it does not require the
knowledge of the probing radiation wavelength. However,
one should remember that the parameter defined in this
manner is fair in the narrow range of light wavelengths,
when you can neglect the dispersion of the refractive index.
Note an important detail. The transmission interferogram
may have an ,.extra minimum®, compliant with the full po-
larization angle. In virtue of this circumstance some minima
near the expected Brewster angle should be excluded from
the minimization process.

Presence of thin transition layers dj, dj # 0 essentially
changes nothing in the behavior of the target function

(fig. 3). The difference is the presence of additional
local minima in each of the pockets at multiple values of
parameter & = %nz (fig. 5). The frequency of minima in
them is not strict. In the area of one pocket (either of
four) the target function is monotonically concave (fig. 5, ),
which substantially facilitates searching for the minimum.

The dependences shown in fig. 5 convince that the logic
confidently determines the only minimum in the estimated
range of parameters. In the vicinity of the minimum
the value of the target function reduces monotonically as
the sample parameters of the structure approach the test
values (fig. 5,b). The dynamics of the target function
with the presence of the normally distributed noise additive
(fig. 5,¢) indicates algorithm’s resistance to measurement
errors. The conducted numerical experiment confirms
the above hypothesis that the vector-string of the angular
position of the transmission coefficient ' extrema contains
sufficient information to recover the optical parameters of
the structure.

As a rule, the measurement of the angular position of the
interference minima contains the systematic error related
to the definition of the angle compliant with the normal
incidence of the radiation on the sample. This systematic
error may be minimized by adding a small correction ¢y to
the normal line angle in the list of the varied parameters.
The remaining tapering of the measured structure is also a
source of a systematic error. To minimize it, the sample
position must be selected so that the axis (rib) of the wedge
is parallel to the incidence plane. The transition layers may
be the area of the radiation absorption. This dictates the
need to include an imaginary additive into the model to
the refractive index of the transition layer: Ay =, + iko.
Therefore, the logic of minimization in the model of a
symmetrical five layer structure includes minimization of the
target function by six parameters {ny, da, N3, ds, Kz, dn}-

Experiment

Measurement object — indium phosphide wafer of serial
production, which is a quarter of the disc with thickness of

Optics and Spectroscopy, 2024, Vol. 132, No. 12
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Figure 5. (a) Color chart of target function in coordinates &, n; () target function in the pocket minimum area, (c) target function
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Figure 6. Experiment. Angular distribution of the transmission coefficient obtained by measurement in the interference refractometer of

absolute type.

360 um, diameter of 50 mm. These are exactly the wafers
used to produce integral-optical devices. Fig. 6 shows the
angular distribution of the transmission coefficient obtained
by measurement according to the scheme for the above
interference refractometer of absolute type.

The distribution contains more than 12 thousand points
of the transmission coefficient values that are equidistant by
incident angle, indicating 306 extrema. Their angular posi-
tion corresponding to the right branch of the interferogram,
is shown in fig. 7,a. The extrema with numbers from 1 to
137 and from 144 to 151 were accepted for processing. The
extrema in the Brewster angle area (numbers from 138 to
143) were excluded for the reason of potential presence
of the ,extra minimum®, corresponding to the expected
Brewster angle of the substrate. The results shown in fig. 6
indicate that the actions aimed at increasing the sharpness
of the interferogram yielded a positive result.

Optics and Spectroscopy, 2024, Vol. 132, No. 12

Minimization (search for parameters in the model of the
symmetrical five-layer structure that corresponds best to the
experiment) was carried out using the scheme of the above
numerical experiment. Fig. 8, a shows the curve of the target
function F(&,) at various values of the parameter n,. Each of
five pockets determines the set of five parameters meeting
the minimum value of the target function in the pocket
(table 2). The global minimum (pocket 2) determines
the structure parameters. Note that the parameters of the
transition layer thicknesses determined by the interference
method are much lower than the light wavelength. This
is caused by properties of the Fabry-Perot interferometer,
where the length of light interaction with the material
(optical length) increases many times at the expense of
multiple rereflections.

Target function dynamics near the second pocket is
shown in fig. 8,6 as function & at various values of
parameters &3, Ny, N3. As you can see, the change of
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Table 2. Values of parameters in the model of the symmetrical five-layer structure obtained by minimization logic in various pockets

Ne 1st pocket 2nd pocket 3rd pocket 4th pocket 5th pocket
d,, nm 108.4 3719 633.6 8943 1154.6
d;, nm 366740.0 366208.9 365681.7 365157.1 364633.8
n, 3.122448 3.122819 3.123000 3.123086 3.123333
n; 3.162794 3.162884 3.162971 3.163053 3.163129
k2 0.0025 0.001 0.0004 0.00028 0.00024
NevD, nm 227 18.6 14.7 114 8.8

any parameter &, &3, Ny, N3 causes monotonic growth of
the target function, which indicates the absolute nature of
the minimum in the pocket. Angular positions of extrema
calculated by parameters of minimization in each pocket
practically coincide to each other and to the experimental
values (fig. 7,a), which indicates similarity of the structures
defined by these pockets. It should be noted that within
the method the parameters of the structure in table 2 in
the pockets differ quite significantly. There can be no other

values that are intermediate between the specified ones. The
method determines the discrete set of parameters.

Norte that the model used in the calculations has a
stepped profile of the refractive index with clear borders
(fig. 1,b). Parameters of the transition layer determined on
the basis of the experimental data are of course ,effective®.
In reality the parameters are blurred. Their position may
only be indicated conditionally — with effective values.
The thickness of the transition layer becomes conditional

Optics and Spectroscopy, 2024, Vol. 132, No. 12
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Table 3. Optical characteristics of a series InP wafer

Parameter Value

Light wavelength, nm 1549.14 £ 0.01

Transition layer thickness, nm 371.9+0.2

Substrate thickness, nm 366208.9 + 0.3

Refractive index 3.123 +0.003

of transition layer

Refractive index of substrate | 3.162884 =+ 0.000002

Absorption in transition layer 0.0010 £ 0.0001

Target function minimum 0.0040987

too. This is the conditional value of the transition layer
thickness that complies with the one measured by the
absolute interference method in the experiment in the model
of the symmetrical five-layer structure.

The last row of table 2 provides the value of the
structure thickness discrepancy relative to the value
measured experimentally by the method of invariants:
NevD = Deyp — (d3 +2d,).  For determination of Deyp
the authors used a micrometer. The sample was pressed
between the micrometer head and the hemisphere aligned
to it with diameter of 5Smm. The measurement was done
with the method of multiple measurement of thickness in
various points of the structure in the light beam incidence
area. This made it possible to determine the average
value, the standard deviation and the confidence interval of
the structure thickness values: Dey, = 366.93 £ 0.02 um.
The same value obtained by the method of invariants is
D =d;+2d,=366952.7 £0.3 nm=366952.7 +0.0003 um
(table 3). We can see that the confidence interval when
thickness is measured by a micrometer is nearly an order
higher than the confidence interval when measured by the
method of invariants. Therefore, the absolute interference
method of invariants is a rather precise contactless method
for measurement of the thickness of plane-parallel wafers
in the practically important range from the units of microns
to several millimeters, when the high quality interferogram
is observed.

Confidence intervals of measured
parameters

The important aspect of the method claiming to measure
the material parameters is calculation of the confidence
intervals. In our case the issue is complicated by the fact
that the measured parameter is only the incident angle, and
the confidence interval must be calculated for each of the
parameters — {ny, da, N3, d3} = {h;}. Angular position of
the extremum is the function of its number and parameters
of the structure: 6q = F(h;). Change of any parameter h;

Optics and Spectroscopy, 2024, Vol. 132, No. 12

causes extremum shift. Shift differential:

ABn = AF(hy) = Ei%Ahi = ZibAh;.
|

Local derivatives determine the coefficients of linear
regression bj. They show the speed and sign of extremum
shift by one variable with the fixed values of the others.
Calculation based on the model of the five-layer symmet-
rical structure with parameters obtained by minimization
(table 3, pocket 2) indicates that all regression coefficients
are bj > 0. In this case let us assume Ah; = Afy(hi)/by
as the top estimate of the differentials {Ahj}. The
confidence interval by level 0.95 for parameters h; is
obtained by the numerical calculation of the differential
for 91th extremum, at which the changes are maximal
091 = 50.57°. The experimental value of the confidence
interval (in the angular minutes) is calculated by the
deviation of the experimental position of the extrema from
the values obtained by minimization. It is noted with
red solid lines in fig. 7,b. The values of the structure
parameters determined by the second pocket are given in
table 3.

Conclusion

The complex precision measurement of optic character-
istics of the serial indium phosphide wafer was peformed.
The detailed analysis of the target function dynamics was
completed, which made it possible to introduce a concept
of pockets — areas of localization of the target function
values. A width of pockets is found, as well as the
period of localization, connection to the parameters defining
the quantity of the minima of the angular distributions of
the transmission coefficients. The possibility of recovering
the optic parameters of the materials is proven exclusively
by measurement of the transmission coefficient extrema
without involvement of data on the structure thickness.
The conducted analysis made it possible to build the
effective logic for target function minimization, which
unambiguously recovers five parameters of the material
with high precision — absolute refractive index of the
substrate, absolute refractive index of the transition layer,
substrate thickness, transition layer thickness, transition
layer absorption coefficient. The paper estimated the
confidence intervals of indium phosphide optical parame-
ters.

The interference scheme with the external resonator
requires extreme caution in operation [25]. The proposed
and successfully tested scheme of the absolute interference
refractometer is less sensitive to the finest vibrations of the
optical scheme elements, since the Fabry-Perot resonant
cavity is the sample itself. The produced interferogram
is notable for its high contrast. The optical scheme of
the interference refractometer of absolute type (fig. 1,a)
may be implemented also as an individual optical instru-
ment.
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The conducted measurements confirm the promising
outlook of the method of invariants for the efficient
measurement of material refractive indices, including for
the materials with high values of the refractive in-
dices. The availability of the transition layer with ,ef-
fective™ thickness value 371.9 £0.2nm is found. Mea-
surement of the transition layer characteristics may be
useful to control the surface treated by different meth-
ods. The authors believe the use of the method
of invariants is promising in the metrology, includ-
ing in the area of refractive index standard develop-
ment.
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