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Abstract. The principle of formation of layered metal-dielectric micro-sized metastructures, which are dielectric layers with 
deposited metal patterns, is proposed. The principle consists in the production of individual layers by photolithographic methods, 
followed by their assembly and alignment on a special installation using a source of high-frequency electromagnetic radiation 
with an antisymmetric field. The criterion for the accuracy of the alignment of layers is the power level of the received high-
frequency electromagnetic signal at the output of the receiver, which fixes the field of the radiation source, scattered by the metal 
alignment marks applied to each matched layer. When applying the proposed principle, it is possible to combine optically opaque 
metal-dielectric layers of metastructures without the use of pins. A numerical assessment of the quality of layer alignment showed 
that the error of layer alignment when using a centimeter wavelength range for field sensing is no more than 3–4 μm.
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Introduction 

Over the past two decades, many research groups have 
been actively studying the properties and determining the 
directions of application of metamaterials- composites 
with negative dielectric or (and) permeability. The first 
suggestion about the possibility of the existence of such 
materials was made in the work of V.G. Veselago [1]. Also 
in this work, the electrical properties of such materials 
were described theoretically using the apparatus of 
electrodynamics. Later, in [2, 3] the way of practical 
realization of such materials was shown. The publication 
of papers [2, 3] contributed to the intensification of 
research in this direction. The studies were aimed 
at studying the ways of realization of metamaterials 
and the directions of their potential applications. In 
particular, the possibility of using metamaterials for 
creating electrically small antennas, antennas with 
low back radiation, lenses, and screens with improved 
characteristics [4–7]. At the same time, the vast majority 
of publications reflect the realization of metamaterials 
in the form of layered metallodielectric composites. The 
size of the metal elements of these composites and the 
distance between the elements, as a rule, does not exceed 
the wavelength. Hence, as we move to higher frequency 
ranges, the implementation of metamaterials becomes 
increasingly difficult. In the millimeter and submillimeter 
wavelength ranges, the dimensions of metal elements 
can be tens to hundreds of microns, and the required 
tolerances for their fabrication are units of microns or 
less. Modern technologies for forming metallic structures 
on a dielectric substrate (lithographic fabrication 
methods) can provide such precision [8]. However, 
when creating a layered structure, there are difficulties 
with the exact positioning of the layers relative to each 
other. The issues of layer alignment during creation of 
miniature metal-dielectric structures are poorly studied 
at the moment. An analysis of openly available sources 
on this subject shows that high-precision alignment is 
usually required in the manufacture of multilayer printed 
circuit boards [9, 10]. The sources found show that for 
assembly and alignment in the technology of multilayer 
printed circuit boards, either pin assembly technology, 
which provides alignment errors of the order of ±50 µm, 
or automated assembly systems with an optical (X-ray) 
alignment system with errors of ±17 µm are used [9, 10]. 
In this regard, the actual task is to develop a principle of 
superposition of layered structures of metal-dielectric 
microdimensional metastructures that provides a high-

precision (with a superposition error less than 5...10 µm) 
superposition of optically opaque layers without the use 
of pins.

The aim of the work is to develop a principle for the 
formation of layered metallodielectric microdimensional 
metastructures.

In order to achieve this goal, it is necessary to solve 
the following tasks:

- consider and analyze the use of electromagnetic 
radiation for the alignment of optically opaque layers;

- propose a hardware implementation of the principle 
- a quality control unit for the alignment of metastructure 
layers;

- perform a numerical evaluation of the quality of 
layer alignment.

Using electromagnetic radiation to align 
the layers

It is of interest to use electromagnetic radiation of 
centimeter, millimeter and submillimeter wavelength 
ranges for the alignment of layers of metal-dielectric 
microdimensional metastructures, which provides a 
high-precision alignment of layers without the use of 
pins. In this case, a simple irradiation of the coinciding 
metastructure layers by an electromagnetic field with 
subsequent study of the picture of its scattering to 
determine the quality of the coincidence of the layers 
seems to be unpromising. Firstly, probing the layered 
structure with waves of centimeter and even millimeter 
wavelength range with characteristic sizes of metallized 
elements of the order of tens of micrometers due to 
limitations on the diffraction limit will not provide an 
acceptable accuracy of matching. Second, each new type 
of layered structure will give its own complex and unique 
picture of electromagnetic radiation scattering. For 
each type of metastructure, this will require solving the 
problem of determining those scattering characteristics 
that can serve as criteria for the matching accuracy of 
the metastructure layers choosing the frequency range 
and the probe wave emitter parameters. At the same 
time, a single criterion for assessing the accuracy of layer 
alignment suitable for a wide class of metastructures is 
more acceptable for layer alignment technology. In this 
work, we propose to use a source of high-frequency 
electromagnetic radiation with an antisymmetric field 
to match the layers of metastructures [11]. Such a source 
can be, for example, the open end of a square waveguide 
with H11 or E11 mode. The picture of electric field field 
lines of these modes is shown in Fig. 1.
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Quality control unit for the alignment  
of metastructure layers

The scheme of the quality control unit for alignment 
of metastructure layers is shown in Fig.  2. The principle 
of the installation is as follows: on each dielectric layer 
with metallic metastructures a metallic alignment mark 
is formed, at the first stage of alignment the next layer is 
moved so that the alignment mark is in the space between 
two coaxial square waveguides. The frequency range used 
and the size of the waveguides are chosen so that in the 
waveguides in addition to the lower modes H10 and H01 
can propagate modes H11 or E11. At the input of the first 
waveguide is connected transmitter and modes converter, 
providing the formation of the desired odd mode (H11 
or E11), the second – the polarization selector providing 
selection of the lowest modes of the square waveguide. 
To the two outputs of the polarization selector there are 
connected receivers. Throttle structures and absorber serve 
to attenuate radiation flowing through the gap between the 
waveguides.

In the case where the label is perfectly aligned with 
the axis of the waveguides, symmetry must be preserved – 
the mode H11 or E11 passing through the dielectric layers 
with labels is partially reflected in the first waveguide, 
partially passes into the second, with the conversion of 
the odd mode to mode H10 or H01 does not occur. At 
the receiver outputs of the mode selector H10 and H01 
in this case there are minima of signal power. If by any of 
the coordinate axes (x or y) is a shift of the label relative 
to the waveguide axis is a partial conversion of the odd 

mode in the H10 or H01 depending on the particular 
coordinate axis, which occurred shift. In this case, at the 
output of the corresponding channel of the mode selector 
there is an increase in signal power. The greater the shift, 
the greater the signal power of the corresponding channel. 
When there is a shift in both coordinate axes, the power 
increase in the channels of the polarization selector occurs 
simultaneously and mostly independently. Hence, the 
signals at the polarization outputs are actually the signals 
of errors of alignment along the x- and y-axes, these signals 
can be used by the system to align the layers. A similar setup 
can be used to match layers in the absence of rotations. To 
match layers in the presence of both shifts and rotations, 
two marks and two pairs of waveguides are required.

Fig. 2. The scheme of the quality control unit  
for the alignment of metastructure layers.

Fig. 1. Electric field lines of H11 (left) and E11 (right) in the cross section of the square waveguide.
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Results of the numerical evaluation of the 
quality of layer alignment

The results of the numerical evaluation of the 
quality of layer alignment using the proposed principle 
(dependences of the modules of the transmitter 
transmission coefficients into channels 1 and 2 of the 
polarization selector on the shifts along the x and y axes) 
are presented in Figs. 3–5. The evaluation was performed 
for two square waveguides with a width of 15  mm at 
20 GHz. The matched structure was four dielectric layers 
with ε=2.2 and the thickness of 0.5 mm, with each layer 
labeled with the configuration shown in Fig.  6. During 
numerical calculation, we calculated the dependences of 
transmission coefficient modules from the input of the 
first waveguide to the channels of alignment errors along 
the x-axis and y-axis of the second waveguide on the shift 
of the layer closest to the receiving waveguide relative to 
the waveguide axis.

Fig. 3. Dependence of the transmission coefficient module 
of the first waveguide in the channels of errors of alignment 

along the x-axis (solid line) and the y-axis (dashed line) on the 
shift along the x-axis when there is no shift along the y-axis.

 

Fig. 4. Dependence of the transmission coefficient module  
of the first waveguide in the x-axis (solid line) and y-axis 
(dashed line) alignment error channels on the shift along  

the x-axis with a shift along the y-axis equal to 10 µm.

As can be seen from the figures, the minimum of the 
signals at the outputs No. 1 and No. 2 of the polarization 
selector corresponds to the case of perfect alignment. In 
this case, the signals of the alignment errors in the x- and 
y-axes are largely independent. At power of generated 

signal in 1 mW (0 dBmW), in case of both odd modes 
the value of signal power in the corresponding channel 
of alignment error at shift value of 3–4 μm will be not 
less than -57 dBmW. At the sensitivity of modern power 
meters, reaching -60 – -70 dBmW the magnitude of the 
received signal will be higher than the level of the power 
meter’s own noise.

Fig. 5. Dependence of the transmission coefficient module 
of the first waveguide in the channels of errors of alignment 
along the x-axis (solid line) and the y-axis (dashed line) on 

the shift along the x-axis with a shift along the y-axis equal to 
20 µm.

Fig. 6. The configuration of alignment marks.

Conclusion

Hence, the paper proposes the principle of creating 
layered metallodielectric metastructures, which consists 
in the fabrication of individual layers with a metallic 
pattern by photolithographic methods with their 
subsequent assembly and superposition into a layered 
structure. The criterion for alignment accuracy is the 
power level of the radiation source field incident on the 
receiver scattered by metal alignment marks applied to 
each layer to be aligned. The principle provides automated 
alignment of optically opaque metal-dielectric layers 
and does not require drilling holes or using pins. When 
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using a probing electromagnetic field with a frequency 
of 20  GHz, the achievable error of alignment of layers 
is 3–4 μm. The obtained error is an order of magnitude 
smaller than the error of the pin technology and 3–4 
times smaller than the error of the known X-ray method 
of alignment.
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