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Abstract. The article presents the results of studying the optical and radio-frequency prop-
erties of silver irregular mesh transparent conductors obtained using an original self-organized
template. It is shown that variation in the thickness of the deposited silver allows easy control
of the surface resistance, which is the determining factor affecting the transmission in the
radio-frequency range. In particular, we have obtained an irregular silver mesh, which has
a surface resistance of 1.44 Q/sq with an optical transparency in the visible range of about
~81%. This combination of optoelectric parameters made it possible to achieve an extremely
low transmittance in the range of 0.7-14 GHz, an average of —37.34 dB over the range, which
means that this mesh blocks 99.9815% of radiowave.
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Annoranuda. [lpeactaBieHbl pe3yabTaThl MCCIEIOBAHMS OINTUYECKUX U PaaAMOYaCTOTHBIX
CBOICTB  CepeOpsSIHBIX  HEPEeryJsIpHbIX  MHUKPOCETYaThIX  IPO3PavyHBIX  IPOBOIHUKOB,
MOJIyYEHHBIX MPU MTOMOIIM OPUTMHAJBHOIO cCaMOOpraHM30BaHHOTO 1abjaoHa. [TokazaHo, 4TO
Bapualys TOJIIMHBI HAMbUISIEMOIO cepedpa IO3BOJISIET JIETKO YMPaBISITh MOBEPXHOCTHBIM
COTIPOTUBIIEHUEM, UYTO SIBJISIETCSI OMpPENEsISTIONMM (haKTOpOM, BIMSIIONIMM Ha IPOITyCKaHWE
B PaaMOYacTOTHOM auamna3oHe. B yacTHOCTM, HaMM TIOydYeHa HeperyJspHas cepeOpsiHas
MUKpOCETKa, KOTOpas MMeeT MOBEepXHOCTHOe corpotuBieHue 1,44 OM/KB MpU ONTUIECCKOMU
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MPO3PavyHOCTU B BUIMUMOM auara3oHe, nopsaka ~81 %. Takoe coueTaHue ONTOINEKTPUUECKUX
IapaMeTpOB, MO3BOJMUJIO JOCTUYD KpaiiHe Majoro Koad@uiimeHTa poInyckKaHus B Auana3oHe
0,7-14 T'Tu B cpeaHeM mo auamna3oHy paBHo —37,34 n1b, 4yTo o3HayaeT, YTO JaHHOE MOKPbITUE
osokupyet 99,9815 % uznydeHus: pagro4acTOTHOIO JMalia3oHa.

KroueBbie clioBa: caMOOpPraHM30BaHHBIN I11A0JIOH, MPO3payHOE MPOBOISIICE IMOKPHITHE,
HeperyJisipHasl ceTka, Koad@UUUeHT 3KpaHUPOBaHUS
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Introduction

Optically transparent conductors are an important class of materials for optoelectronics,
automotive, aerospace, and buildings industries. Studying the radio-frequency (RF) characteristics
of these materials is crucial for designing optically transparent screens, antennas and metamaterials.
Metallic meshes are among the most promising types of transparent conductors, particularly for
RF applications [1], due to their combination of high optical transparency and low surface
resistance. Typically, metallic micro- and nanomeshes are fabricated using standard methods such
as: photolithography [2], imprinting [3], Electrohydrodynamic jet printing [4]. These methods for
producing micro- and nanomeshes offer advantages related to excellent performance parameters
but also have drawbacks, such as difficulties in scaling or high production costs. In terms of
balancing optoelectronic properties, shielding performance, and production costs, some of the
most notable examples include cracked template lithography [5] and nanosphere lithography [6].
In this work, we investigate the broadband shielding properties of irregular Ag meshes fabricated
using the cracked template method.

Materials and Methods

The method of forming cracked template, based egg white and irregular Ag meshes based him
is described in detail in our previous work [5]. The morphology of cracked tenplate and irregular
silver meshes was studied by the method of scanning electron microscopy (SEM) using Hitachi
TM-4000 Plus (Hitachi, Japan).

Optical Transmittance spectra of irregular Ag meshes were obtained in the range of
400—800 nm on a UV-3600i Plus spectrophotometer (Shimadzu, Japan).

The sheet resistance was measured by the four-probe method using a JG ST2258 four-point
probe station (Suzhou Jingge Electronics Co., China) and a JG ST2558-F01 four-probe head
(Suzhou Jingge Electronics Co., China).

The transmission (S,,) and reflection (S§),) coefficients were measured in the range of
0.7—14 GHz. The measurement technique is described in our previous work [7].

Results and Discussion

Fig. 1, a shows an SEM image of the cracked template. Statistical analysis of the SEM image
revealed an average cell size of 78.9 = 39.4 um and an average crack width of 6.5 + 3.3 pum.
Fig. 1, b presents an SEM image of the irregular Ag mesh with a deposited silver thickness of
600 nm. According to statistical analysis, the average cell size is 75.3 = 37.7 um, and the average
track width is 7.2 = 3.6 um. The Ag mesh closely replicates the geometry of the original cracked
template, demonstrating high fidelity in structural transfer.
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Fig. 1. SEM image cracked template (a) and irregular mesh with 600 nm Ag thickness (b) Optical
transmittance irregular Ag meshes (c¢) and sheet resistance with FoM parameter (d)

Visible-range transmittance of irregular Ag meshes with varying thicknesses is presented in
Fig. 1, c. The data show that increasing the silver thickness leads to only a minor reduction
in transmittance. At a wavelength of 550 nm, the transmittance values are 81.94%, 81.25%,
and 80.84%, respectively. On the other hand, the sheet resistance decreases significantly with
increasing deposited silver thickness (Fig. 1, d). The relationship between these two values is
characterized by the Figure of Merit (FoM) parameter, calculated using the formula:

ZO
R

Here, T is the optical transmittance at a wavelength of 550 nm; R is the sheet resistance;
Z, = 377 Q is the impedance of free space. Increasing the thickness of the deposited silver leads
to a significant decrease in sheer resistance, with a slight decrease in transmission in the visible
range, which ultimately leads to an increase in the FoM parameter (Fig. 1, d).

The spectral transmission (S,,) and reflection (5))) coefficients for all fabricated irregular Ag
meshes are presented in Fig. 2, a and Fig. 2, b. The transmission coefficient decreases proportionally
with increasing mesh thickness due to the corresponding reduction in sheet resistance. The
average transmission coefficients measure —28.15 dB, —34.91 dB, and —37.34 dB, respectively.
The frequency dependence of transmission coefficients in the 0.7-14 GHz range results from
wave diffraction through the mesh perforated structure. This dependence is well described by the
Kontorovich model [8]. Notably, the frequency dependence of S, becomes more pronounced
with decreasing sheet resistance of the Ag mesh.

The reflection coefficient (S11) is also quite uniform throughout the studied range; there is a
tendency for the reflection coefficient to increase with decreasing sheet resistance of the irregular

mesh (Fig. 2, b).
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Fig. 2. Transmittance (a) and reflectance (b) spectra of irregular Ag meshes

Conclusion

We have demonstrated how template structures can be obtained using a self-organized cracking
process of egg white. Based on their crack patterns, irregular Ag grids were created with a unique
combination of optoelectric and shielding parameters. The properties of the coatings can be easily
tuned by varying the thickness of the sputtered metal.
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