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MECHANISM FOR DETECTING CONTAMINANTS
IN THE TRACK SENSORS

Abstract. Track sensors are created on the basis of track structures, which are obtained
as a result of ion implantation of thin dielectric and semiconductor films. The passage of ion
currents through such structures has specific features that are studied for a long time. The entry of
various types of impurities into the ion current changes the density of the current, which makes
it possible to detect the small concentrations of impurities. In this work the possible mechanism
of detection of foreign impurities in the environment using such sensor is considered. The effect
of the characteristics of foreign particles entering the flow, as well as the structural and geometric
features of the track, on the density of the “carriers flow” (CF), has been investigated. The measured
dependences of the CF density on the charge of model particles in the CF and foreign particles,
as well as on the defective structure of the track walls and its diameter, have made it possible to
propose a mechanism for identifying various contaminants in such a track system.

In the sensor, as a result of the interaction of a foreign particle with CF particles, an excited
region arises, the size of which depends on the nature of this interaction. The appearance of such
a region leads to the observed negative peak in the CF kinetics. The lifetime of such an excited
region determines the resolution of the sensor. This lifetime depends on the diameter of the track
and the defect structure of its walls. This implies the possibility of influencing the resolution of
the sensor. This parameter of the device can be influenced at all stages of its manufacture. When
creating a track structure, it is important to ensure a certain ion implantation mode. Accordingly,
it is necessary to select the track diameter. It is important to select the charge and geometric
characteristics of the particles in the CF.

Key words: track sensors, model particles, relaxation time of the carriers flow, sensor
resolution ability.

INTRODUCTION

The migration of particles in porous materials has been studied for a long time (see,
for example [1, 2]). It was established that migration and diffusion in porous materials are
characterized by specific laws, which differ from the peculiarities of corresponding processes
in solids. The latest [3—5] research showed that the interaction of migrating particles with
pore walls plays a decisive role in the mechanisms of nanoparticles passage in such materials.

Special conditions arise during migration and diffusion of charged particles in artificial
porous materials, so called track materials, which are created during ion implantation of thin
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films. When creating tracks by ion implantation, the inner surfaces of the tracks have a complex
defective structure [6] and a set of local centers that significantly affect the mechanism of
particles movement inside tracks. An important role in these processes is played by the charge
states of migrating particles and local centers on the track walls.

When creating a track biosensor, it is necessary to know the regularities of the passage of ion
streams through tracks, since the violation of these regularities indicates the presence of certain
impurities in the carrier stream. Optimal parameters of the track structure, on the basis of which
the biosensor is created, give the ohmic dependence of the ion current through the track.

The passage of ion flows through nanotracks is effectively studied by the computer
simulation method. This paper discusses a possible mechanism for detecting various types of
contaminants in track sensors. A computer experiment has shown that in the simplest case, a
track sensor allows the detection of foreign particles if at least one parameter (for example,
the charge) of the foreign particle differs from the corresponding parameter of the model
particle in the carrier flow [7]. A corresponding change in the kinetics of the “carrier flow”
(CF) is observed. In this work, we conducted a computer simulation study of the mechanism
for detecting a foreign particle in a flow of ionic liquid passing through a track sensor.

DISTURBING INFLUENCE OF AFOREIGN PARTICLE ON THE FLOW

The methodology described in [7] was used. The model particles in the ion flow had a
charge of +1. A foreign particle was introduced step by step with a charge of +2, +3 and +4. In
all cases, the change in the usual current kinetics (Fig. 1) was of the same type, similar to that
observed in the [7] (Fig. 2). However, the diameter of the well (At~1) increased in proportion
to the charge of the foreign particle (Fig. 3) and decrease with the diameter increasing (Fig. 4).

Based on the results of computer experiment obtained, the concept of sensor resolution
(SR) can be introduced. This characteristic of the device is determined by the lifetime of the
corresponding negative peak t ~ At. Since At ~ Z*, it is clear, that SR of the sensor decreases
with increasing foreign particle charge. In the work [9], a characteristic dependence of the
flux density on the diameter was established for fixed charges of model particles. As the track
diameter decreases, an area of sharp decrease in current density appears. In Fig. 5 this region
was investigated and it was found that the slope of the curve in this region is determined by
the charges of the model particles.

|

Current, rel.un.

0 50 100 150 200 250

Steps

Fig. 1. Usual kinetics of the clean flow of model particles
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Fig. 2. Characteristic kinetics of the flow of model particles when introducing
a foreign particle, see explanations in the text

T, Rel. Un.

A 4

Charge, Rel. Un.

Fig. 3. Dependence of relaxation time t on the charge of a foreign particle
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Fig. 4. Dependence of relaxation time T on the track diameter
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Fig. 5. Dependence of the current density of model particles on the track diameter
in the region of a sharp drop in current

DISCUSSION AND CONCLUSION

The results obtained in this work and related works show that even in the simplest
track sensors (including biosensors), the quality of the device depends on a large number
of parameters of the track structure. Moreover, there are correlations between them, which
complicate the accounting of each parameter separately. Therefore, conducting experimental
research in the laboratory poses serious difficulties, which can be overcome by computer
modeling. But in this case, new problems arise that require new approaches. The use of
classical molecular dynamics makes it possible to obtain important information about the
features of various processes in track structures, in particular about the mechanisms of
migration and diffusion in such materials.
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AHOTALIS

MEXAHI3M JJId BUABJIEHHSA 3ABPYIHIOIOYUX PEYHOBHUH
Y TPEKOBHUX CEHCOPAX

TpekoBi ceHCOpPH CTBOPIOIOTH Ha OCHOBI TPEKOBHUX CTPYKTYp, SIKI OTPHUMYIOTH YHACIiJOK
10HHOT IMIIITAaHTAIlii TOHKHUX ieTeKTPUIHUX 1 HaIliBITPOBIAHUKOBHX TUTiBOK. [ [pOoXO/mKeHHS 10HHUX
CTPYMIiB Yepe3 TaKi CTPYKTypH Ma€e 0COOINBOCTI, SIKi JABHO BUBYAIOTHCS. BXO/KEHHS Pi3HUX BHUIIB
JIOMIIIIOK B 10HHHUIT CTPYM 3MIHIOE TYCTHHY CTPYMY, 11O JIa€ 3MOTY BUSIBIISITH MaJli KOHIIEHTpALIil
JOMIMIOK. Y Wil poOOTi PO3MISTHYTO MOXJIMBHH MEXaHIi3M BHSBICHHS CTOPOHHIX JIOMIIIOK Yy
CEepeNIOBHIIII 3a JIOIMOMOIOI0 TaKOro ceHcopa. JOoCIiUKEHO BIUIMB XapaKTEPUCTUK CTOPOHHIX
YaCTHUHOK, [0 HOTPAILIIFOTh Y TOTIK, & TAKOXK CTPYKTYPHO-T€OMETPUYHHUX OCOOIMBOCTEH TPEKy
Ha TycTHHY «1noToky HociiBy (ITH). Bumipsni 3anexuocti ryctuan ITH Bin 3apsay MomembHUX
yacTuHOK y [IH Ta cTOpOHHIX 4acTWHOK, a TakoX Bif Ae(eKTHOI CTPYKTYPH CTIHOK TPEKy Ta
il miamerpa jaanu 3MOTY 3alpOIOHYBaTH MeXaHi3M ifeHTh(ikalii pi3HOMaHITHUX 3a0pyJHEHb Y
TaKii TPeKoBil cucTemi.

Y ceHcopi BHACHIIOK B3a€EMO/Iii CTOPOHHBOT YaCTHHKY 13 yacTuHKamu [TH BuHUMKae 30ymkeHa
00I1acTh, pO3MIp KO 3aJICKUTH BiJ Xapakrepy Iriei B3aemoii. [losBa Takoi 00nacTi MPU3BOIUTH
JI0 CTIOCTEepe)KyBaHOTO HeraTWBHOTO MKy KiHeTwkn [TH. Yac >xutTTs Takoi 30ymxeHoi oOmacTi
BH3HAUa€ PO3IUIBHY 37aTHICTH ceHcopa. Llelf Wac >XUTTA 3aleXUTh BiJ aiaMeTpa TPEeKy Ta
nedeKTHOT CTpyKTypH 1i cTiHOK. Lle mepenbayae MOXKIMBICTh BIUIMBY Ha PO3AUIBHY 30aTHICTh
ceHcopa. Ha et mapameTp mprcTporo MoKHA BIUIMBAaTH Ha BCIiX eranax Horo BurotosieHHs. [1in
Yyac CTBOPEHHSI TPEKOBOI CTPYKTYPH BaXKJIMBO 3a0€3IIEUUTH MEBHUH PEXHUM 10HHOI IMILTaHTAIIil.
BigmoBimHOo M0 mBoro moTpiOHO MWigOMpaTH AiaMeTp TpeKy. BaxkimBo mimiOpatm 3apsm i
TEeOMETPHUYHI XapaKTePUCTUKH YacTHHOK B ITH.

KirouoBi cioBa: TpekoBi CEHCOpH, MOIENb YAaCTHHOK, 9ac peiakcallii MOTOKY HOCIIB,
PO3MIiIbHA 31aTHICTh CEHCOPA.
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