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FEATURES OF CHEMICAL ETCHING OF TRACK STRUCTURES

Abstract. It is shown that computer simulation can be used to obtain important information
about the mechanisms of etching of track structures. These data are necessary for the design and
improvement of track biosensors. The etching process is simulated by appropriate modification
of interatomic potentials. A new approach to studying the mechanisms of chemical etching
of materials has been developed. A computer simulation method is used, which allows one to
change the parameters of interatomic potentials in a certain mode during the simulation of the
etching process. The main feature of the method is the creation of algorithms and new computer
programs that make it possible to describe the coordinated change in the parameters of interatomic
potentials (their “softening”), reproducing real chemical etching. The applied method for studying
the mechanisms of chemical etching can be used in various technologies of electronic materials
science. In the case of creating modern track biosensors, the use of appropriate chemical etching
methods is especially important for improving these devices. This is due to the fact that the
parameters of a track biosensor depend on the geometry of the track, its diameter, and the defective
structure of the track walls. The study was carried out taking into account the three-layer structure
of the track wall. Another option for using chemical etching is to study the defective structure of
a material, in particular in the manufacture of biosensors, identifying the features of the three-
layer structure of the track wall. The parameters of the biosensor depend on the nature of the
interaction of particles of the “carrying” flow with the walls of the track. Therefore, it is important
to ensure an optimal ratio of the mechanical characteristics of different defective layers forming
the track wall. This is achieved by controlling the chemical etching process. In the future, the
proposed method of computer modeling of the chemical etching process will be used in the study
of dislocations and interfaces of multilayer and other materials.

Key words: porous materials, track structures, chemical etching, interatomic potentials, track
biosensors, computer simulation.
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TRACK STRUCTURES IN ELECTRONICS

Recently, new three-dimensional structures based on ion irradiation have been developed
for the creation of biosensors and other biotechnological applications. On the one hand, this
is achieved through the further development of heavy ion implantation technology and, on the
other hand, the combination of this technology with surface microstructuring methods. It is
very important to produce a relatively cheap micro- and nanometer-sized material with three-
dimensional nanostructures and multifunctional properties for the analysis of biomaterials
and cells in particular.

Recently, porous materials have become widely used to solve many problems in the field
of nanotechnology, biology and medicine. Among these materials, an important place is
occupied by artificial, in particular, track porous materials. They are the basis for the creation
of track biosensors.

This work uses a computer model for the passage of ion streams through cylindrical
nanopores that simulate etched ion tracks in modern biosensors. The model was constructed
using the classical molecular dynamics (MD) method [1-3].

There are two ways of influencing the defective structure of nanotracks. The first method
requires taking into account the mechanisms of interaction of fast ions with the film material
during the formation of tracks [4-9]. The second method requires chemical etching of track
structures.

CHEMICAL ETCHING OF TRACK STRUCTURES

Chemical etching plays an essential role in the creation and research of a track biosensor.
First of all, the formation of the primary track requires the action of a certain herbalist to
prevent the healing of the ion-induced ordered space of the film. But etching can be used to
investigate the defect structure of the region adjacent to the track. Such a study can be carried
out using a computer simulation of a track filled with matter passing through the track. So far,
it has been established that the track wall has a three-layer structure [10—14]. The first layer,
closest to the track, is the most ordered, the second layer is less ordered (Penumbra) and
finally the outer layer, which differs little in structure from the volume (Fig. 1).

Fig. 1. Computer model of the three-layer wall of the track.
View of the track from above
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In the process of chemical etching, chemical bonds are broken and atoms move by
diffusion. The mixing of atoms characterizes the etching process and at the same times the
stability of the atomic configuration. In the process of simulating etching by softening the
potentials describing chemical bonds, part of the lattice atoms are released from their nodes.
On Figures 2 and 3, it can be seen that as a result of etching, part of the model particles from
the core track moves to the second layer. Further etching leads to the additional movement
of particles from the core to the outer layers, as well as to the disordering of all layers of the
track wall. Thus, analyzing the etching model, we get information about the stability of the
track wall [15; 16].

Fig. 2. Computer modeling of the disordering of the three-layer wall of the track
during the etching process. View of the track from above

Fig. 3. Computer modeling of the three-layer wall of the track in the process
of the long-term etching. Model particles from the track core penetrate into the bulk
of the material. View of the track from above

CONCLUSION

A computer program previously created for modeling track structures has been modified to
study the mechanisms of material etching. Etching is simulated by softening the interatomic
the track region occurs during etching.
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AHOTALIS

OCOBJIMBOCTI XIMIYHOI'O TPABJIEHHSA
TPEKOBHUX CTPYKTYP

[TokazaHo, 1O KOMIT'IOTEpHE MOJIENIOBAHHS MOXKE OyTH BHKOPHCTaHO [UIi OTPUMaHHS
BRXITMBOI iH(OpMAIll MPO MEXaHI3MH TpABICHHS TPEKOBUX CTpyKTyp. Lli mami HeoOXimHi
JUTE PO3POOKM Ta BIOCKOHAJICHHS TPEKOBHX OioceHcopiB. [Ipomec TpaBIEHHS MOIETIOETHCS
BiIMOBiAHOI0 MOAM(DIKAITIEI0 MiKATOMHHUX TOTEHITialiB. PO3po0i1eHo HOBU MiaAXi 10 BUBYCHHS
MEXaHI3MIB XIMIYHOTO TpaBJjeHHS MarepiaiiB. BHKOPHUCTOBYeTbCS METOJ KOMII IOTEPHOTO
MOJICIIOBAHHS, KW J03BOJISE 3MIHIOBAaTH MapaMeTpH MIXXATOMHHUX ITOTEHLIANliB y HEBHOMY
PEXKHMI ITiJ1 Yac MOZEITIOBAHHS ITPOLIECY TPaBIEHHS. [ 0JIOBHOIO OCOOIMBICTIO METO/TY € CTBOPEHHS
AITOPUTMIB 1 HOBUX KOMII'IOTEPHHX IMPOrpaM, SKi JO3BOJSIOTH ONMUCYBAaTH Y3TOMKCHY 3MiHY
mapaMeTpiB MIKATOMHUX TOTeHHiamiB (IX «MOM’SKIICHHS»), BIATBOPIOIOYH peajbHE XiMidHE
TpaBieHHS. 3aCTOCOBAaHUI METOM JOCHIHKEHHS MEXaHi3MiB XIMIYHOTO TPaBJICHHS MOXe OyTH
BUKOPUCTaHHH Y PI3HMX TEXHOJIOTISIX €JIEKTPOHHOIO Marepialio3HaBCTBa. Y pas3l CTBOpEHHS
CY4acHHMX TPEKOBHX 0i0CEHCOpIB BUKOPUCTAHHS BiJIIOBIIHUX METOJIB XiMIYHOTO TPaBJCHHS €
0COOJIMBO BaXKIIMBHUM JUISl BIOCKOHAJIEHHSI IIUX MPHCTpoiB. Lle mos’s3aHo0 3 TM, 110 MapameTpu
TPEKOBOTO Oi0CEHCOpa 3aeXkaTh BiJ TeOMETpii TpeKy, Horo miamMerpa Ta MeeKTHOI CTPYKTYpH
CTIHOK TpeKy. JlocmimkeHHs NPOBOAWIM 3 ypaxyBaHHSM TPHIIAPOBOi CTPYKTYpPH TPEKOBOI
CTiHKM. [HIIMM BapiaHTOM BUKOPHCTAHHS XIMIYHOTO TPAaBJICHHS € JOCTIKEHHS nedeKTHOI
CTPYKTYpU Marepiaiy, 30Kpema npH BUTOTOBJICHHI OI10CEHCOPIB, BHSBICHHS OCOOIHBOCTEH
TPHIIAPOBOI CTPYKTYPH CTIHKH pexy. [Tapamerpu OioceHcopa 3aJeKarh Bijl XapakTepy B3aeMOil
YaCTHHOK «HECY4Oro» IMOTOKY 31 CTIHKaMH Tpeky. Tomy BaXIHBO 3a0e3MeunT! ONTHMAIbHE
CITiBBiTHOIIICHHS MEXaHIYHUX XapaKTePUCTHUK Pi3HHUX Je()EKTHHUX MIAPiB, IO YTBOPIOIOTH CTIHKY
Tpeky. Lle mocsiraeTbesi NUISIXOM KOHTPONIO IPOILECY XIMIYHOTO TpaBieHHS. Y MaiOyTHbOMY
3aMPOTIOHOBAHUM METOJ, KOMIT IOTEPHOTO MOJIEITIOBAHHS IMPOIECY XIMIYHOTO TpaBleHHS Oyre
BUKOPHUCTAHO ITPH AOCITIKSHHI IUCITOKALlif Ta MeX PO3/IiTy OaraTolapoBHX Ta IHIIUX MaTepiaiB.

KarodoBi ciioBa: mopucti marepiaiy, TPEeKOBI CTPYKTYypH, XIMIUYHE TpaBJICHHS, MIXKaTOMHI
MOTEHIiaJIN, TPEKOB1 010CEHCOPH, KOMIT FOTEpPHE MOJICITIOBAHHSI.
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