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YARIMO*‘TKAZGICH SENSORLAR BO‘YICHA QURILMALARNI
XARAKTERISTIKALARINING ENERGIYA SARFINI KAMAYTIRISH,
TERMAL AYLANISH REJIMINI VA YANGI MODIFIKATORLARNING

O‘ZARO TA’SIRINI O‘RGANISH

ANNOTATSIYA

Yarimo‘tkazgich-dielektrik tuzilmalarini amaliy go‘llash sohasida dielektrik chegara sohasida
zaryadlarning to‘planishi kuzatiladi. Bu esa yarimo‘tkazgich-dielektrik asosida yaratilgan elektron
qurilmalarning ishchi xarakteristikasiga jiddiy ta’sir o‘tkazadi. SiO; ning valent zonasida hosil
bo‘lgan zaryad Si/SiO, chegara sohasida ushlanib qoladi. Bunday zaryadlarning to‘planishi
ko‘pincha izolyatsion SiO2 ning buzilishiga olib keladi, shuningdek, vaqt o‘tishi bilan ularning
bargarorligini cheklash va radiatsiya garshiligini kamaytirish orgali izolyatorli kremniy asosida hosil
bo‘lgan qurilmalar parametrlariga ta’sir giladi. Ushbu magolada biz ion bilan o‘zgartirilgan kremniy-
izolyatorli tuzulmalarni elektrofizik xususiyatlari tahlil etildi.

Kalit so‘zlar: polokristal, datchik, konsentratsiya, vodorod, nonokristalning interfeyslari,
xemisorbtsiya, desorbsiya, metall modifikatori, dioksid plyonka, vodorod atomi, ish harorati, termal
aylanish, sirt potensiali, dioksid plonkalar, kislorod ionlari.
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NCCIEAOBAHUE CHUXEHUWSA DQHEPI'OIIOTPEBJIEHUSA, PEZKUMA
TEPMOIIMKJIA Y B3AUMOJENACTBUA HOBBIX MOJI®UKATOPOB
XAPAKTEPUCTHUK YCTPOUCTB HA
HNOJYITPOBO/JHUKOBBIX JTATYUKAX

AHHOTAIUA

B ofbmactm TOpakTUYECKOTO MPUMEHEHUS CTPYKTYp  IOJYNPOBOAHUK-IAMAICKTPHK
B IPUTPAHUYHON 00JaCTH TUAJICKTPUKA HAOIIOJAeTCs HAKOIUICHUE 3apsi0B. DTO CEPhE3HO BIHSCT
Ha pa60qI/Ie XapaKTCPUCTUKHN SBJICKTPOHHBIX YCTpOfICTB, CO3aHHBIX HAa OCHOBC MOJYIPOBOJHHK-
TVBJIEKTPHK. 3apsij, o0pa3yromuiics B BaIeHTHOM 30HE SiO2, 3aXBaThIBaeTCSA B 00JIACTH TPAHUIIBI
Si/SiO2. HakomieHue Takux 3apsa0B 4acTo MPUBOAUT K paspyuieHuio u3onupyromero SiOz, a Takke
BJIMACT Ha MapaMETpPhI YCTPOfICTB Ha OCHOBC HU3OJHMPYIOMICTO KPEMHUA, OTIpaHH4YHBasg HUX
CTaOUJIBLHOCTh U CHMJKAsl C TEYEHHUEM BPEMEHM paJHallMOHHYIO CTOMKOCTh. B naHHON paboTe Mbl
MIPOAHATM3UPOBAIN  DJIEKTPOPHU3MUECKHE CBOWCTBA HOHHO-MOJM(PHUIMPOBAHHBIX KPEMHHEBO-
TIADIIEKTPAYECKUX CTPYKTYP.

KiroueBble cj10Ba: MOJOKPUCTAIJI, CEHCOpP, KOHLEHTpAllUs, BOJIOPOA, HHTEepdench
HaHOKPHUCTAJUIOB, XEMOCOPOIHs, AecopOrus, MoaudukaTop MeTaiia, AUOKCHUAHAS TUICHKA, aTOM
BOJIOpOAa, pabodast TeMreparypa, TEPMUUYCCKUN IUKJ, TTOBEPXHOCTHBIN MOTEHIIUAN, TUOKCHIHBIC
IIJICHKHW, HOHBI KUCJIOpOJa.

STUDY OF THE ENERGY CONSUMPTION REDUCTION, THERMAL CYCLE
MODE AND THE INTERACTION OF NEW MODIFIERS OF DEVICE
CHARACTERISTICS ON SEMICONDUCTOR SENSORS

ANNOTATION

In the field of practical application of semiconductor-dielectric structures, accumulation
of charges is observed in the dielectric boundary region. This has a serious effect on the operating
characteristics of electronic devices created on the basis of semiconductor-dielectric. The charge
generated in the valence band of SiO; is trapped in the Si/SiO2 boundary region. The accumulation
of such charges often leads to the breakdown of insulating SiO2, and also affects the parameters
of devices based on insulating silicon by limiting their stability and reducing radiation resistance
over time. In this paper, we analyzed the electrophysical properties of ion-modified silicon-insulator
structures.

Keywords: polocrystal, sensor, concentration, hydrogen, nanocrystal interfaces,
chemisorption, desorption, metal modifier, dioxide film, hydrogen atom, operating temperature,
thermal cycle, surface potential, dioxide films, oxygen ions.

Nowadays, the role of semiconductor physics is very important in the rapid development
of modern science. In this regard, the role of effective solutions of the studies being studied is huge.
in the study of modern devices, it is considered relevant to study the working principles of sensors
based on thin polycrystalline SnO> films. for this, it is important to develop high-speed devices
sensitive to external influences, to increase their reliability. enough problems were identified in the
development of counters for the low concentration (4-8) *10° of samples taken in the field of
semiconductors at the level of 0.4-0.8 volts, when divided into parts per million. ny, < 103ppm,
where ny_ - hydrogenconcentration.

The demand for such devices is increasing. The principle of operation of sensors for laboratory
and medical purposes depends on the action of the electron impact of the substances included in the
sample, taking into account that it depends on the control and speed of the devices.
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H> is based on the phenomenon of reversible adsorption of gases on the SnO- surface.in the
air atmosphere, in the operating temperature range of devices 180-500°C, a negative charge appears
as a result of chemisorption of oxygen particles on the surface of polycrystalline SnO2, its increase
leads to a decrease in conductivity. the process of reducing the conductivity is associated with an
increase in the energy barrier at the interfaces of SnO2 nanocrystals. preventing the transport of
electrons across the film, when interacting with O- particles, the barrier value on the surface of SnO>
decreases and the conductivity of the sensor increases.Dissociation of molecular H>O contributes to
metal modifiers in SnO, structure.Russian scientists F.F. Volkenstein, I.A. Myasnikov,
G. Korotsenkov, V. Brynzari, J. F. McAleer conducted the study of the gas sensitivity of the classic
working SnO: in the center of many scientific researches in the world. Modern research on SnO»-
based sensors is aimed at reducing the transient shift of device characteristics during operation,
reducing energy consumption, thermal cycling mode, and studying the effects of new modifiers [1].

Until now, the laws of oxygen chemisorption on the surface of SnO have been determined.
The relationship between the bending magnitude of the energy bands at the interfaces of SnO;
nanocrystals and the effect of egg,0n the surface density of oxygen ions has not been sufficiently
demonstrated.

According to these models, after the interaction of atomic hydrogen with O- ions, hydroxyl
groups OH- are formed on the surface of SnO2, which are then neutralized and desorbed [2-3].

In the process of formation, hydroxyl groups donate electrons to the conduction band of SnO..
however, this idea has no theoretical basis. The charge state of the hydroxyl groups is determined by
the electronic distribution function of the local energy levels in the band gap of SnO..

It occurs during the formation of particles. .it is shown that within the framework of the
potential barrier mechanism, an increase in the negative charge density was observed on the surface
of eq,, due to the effect on conductivity. provides methods for determining the value e¢g,, which
is 0.49 eV for sensors based on SnO, at room humidity and T=623K for sensors based on thin SnO>
films [8*, 9*] and 0.40 eV, with changed. however, the quantification eq, is described, based on
a complex theory, the moisture content of the gas-air mixture has been observed to contradict the
results of many studies. showed that it is necessary to take into account the strong influence of errors
in the method of detection. ey, The method of determining the value e, is the maximum time
for hydrogen, the need is characterized by a large number of sensors to be placed in a large volume
ny, temperature during high working hoursoften leading to device failure [4-5].

Existing models of the effect of metal modifiers on the behavior of devices do not fully explain
the different dependence of the properties of sensors with different modifiers on H> concentration.
humidity level of the gas-air mixture, it should be noted the weak level of research on the shift of the
characteristics of the Hz sensor, it is interesting to study the characteristics of the sensors in the
Thermal mode during long-term use based on SnOx. in this mode, it allows you to control the shift of
the sensor characteristics, set to a specific gas and reduce the energy consumed by the sensors.

It is considered relevant to study the results of the research on the effectiveness of sensors
based on H2 SnO; thin films, modified with various metals, in dry and wet environments, in long-
term working conditions and in thermal cycle mode. for this, develop an express method for
determining the bending of energy bands e,y It is recommended to try using a polycrystalline tin
dioxide film at the interfaces of SnO2 nanocrystals. moreover, solving the Kinetic equation of the
neutral adsorption process turns the hydrogen atoms into the centers occupied by Oz ions, a theoretical
study taking into account that only a part of the formed hydroxyl groups is in the neutral state and
desorbs from the SnO- surfacewas considered [6].
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Hydrogen concentration, gas-air humidity effects of clean air mixtures + H> and the working
temperature of the sensor according to the bending value of the energy zones e@gH in the
polycrystalline film at the interfaces of SnO2 nanocrystals, e@,yis the surface potential in the
atmosphere containing hydrogenwas studied taking into account.

As the main goal of the ongoing scientific research, the performance of sensors based on
H2SnO- thin films, modified with various metals, resistant to external influences when working in
dry and wet environments, long-term working conditions and thermal cycle modeconsists of.

Study the properties of hydrogen sensors based on dioxide films modified with PtPd, Au,
Ag,Ag+Y, tin, the role of modifiers in a wide range of changes in ambient humidity and operating
temperature of the devices, and the role of modifiers in the performance of hydrogen sensors. in the
study of the laws of displacement of the characteristics of hydrogen sensors during long-term
operation, based on thin films of tin dioxide, thermal cycle mode and methods of increasing the
reproducibility of measurement results with instruments were developed [7].

Experimental work was carried out taking into account the effect of detecting low
concentrations of hydrogen in the air, environmental humidity during long-term operation, and the
shift of sensor characteristics. A model of dissociative adsorption of H> molecules was proposed and
the H.O SnO. surface and the corresponding Kkinetic equation were solved taking into account the
presence of thin layers of tin dioxide on the surface of clean air + H in moist clean air and gas-air
mixture [8].

Three types of adsorbed particles (O-, OH, OH-), expression eqgy for four series of sensors
with different modifiers, experimentally established dependences e@g, and conductivity (Go) air
during heating humidity and temperature of sensors (T>= 623, 673, 723 and 773 K) thermalwhen
operating in cycle mode, e ydependencies H are taken into account for hydrogen sensor responses.
It is based on the proposed model of dissociative adsorption of H> molecules and the mechanism of
action of H2O different modifiers (Pt++Pq4, Au, Ag, Ag+Y) shown. Sensors with samples of long-term
shift of properties are determined based on thin films of H> SnO, with various metal modifiers,
processes that determine the behavior of devices during long-term operation [9-10]. A proposed
model of dissociative adsorption of H>, molecules and H-O.

It makes a great contribution to the understanding of the processes that occur during the
interaction of gas particles with the surface of semiconductors on the SnO; surface. The presence of
adsorbed O particles should be taken into account when developing models of dissociative
adsorption of molecules of other gases onto the SnO- surface. Also, the scientific significance of the
work results is to suggest the mechanisms of influence of metal modifiers on the properties of H»
sensors SnO2 yupga plyonkalarga asoslangan va uzoq muddatli ish paytida qurilmalarning
vaqtinchalik siljishi masofasini aniglash.

The possibility of determining the concentration of hydrogen n_ny, and two-way changes in
the gas-air mixture moist clean air +H2 range ny, from 10 to 5- 102 ppm was shown.

The maximum error in determination occurs when the concentration of Hz is ny, < 40 ppm
and does not exceed 10%, and ny, < 40 ppm — 5% recommendations are offered to optimize the
work.

It is shown that the degree of dissociation of H2 molecules can be determined by choosing
metal modifiers.

H> is investigated by O. on the surface of SnO», thereby controlling the sensitivity of the
sensors to hydrogen and the humidity level of the gas-air mixture. Recommendations for reducing
the drift of characteristics of hydrogen sensors based on tin dioxide thin films during long-term
operation were developed. The choice of research methods is determined by the assigned tasks. The
development of the model of dissociative adsorption of H> molecules is based on the application of
the theory of electronic processes in the process of chemisorption of molecules and gas atoms on the
surface of semiconductors.
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Determining the bending value of the energy bands at the interfaces of SnO> nanocrystals
results from the analysis of the expression of the conductivity of the sensor obtained within the
framework of the widely used model of charge carriers crossing the barrier in polycrystalline
semiconductors. a number of expressions used to analyze the experimental data were derived using
solutions of the Poisson and electroneutrality equations, which are standard for semiconductor
physics. Numerical values of quantities used to calculate and analyze the dependence of sensor
properties, concentration of donor compounds, dielectric conductivity of polycrystalline tin dioxide
films is taken from many literature sources. calculation and construction of correlations presented in
the work were carried out using a personal computer and using standard numerical methods.

Analysis of the surface microstructure of SnO> films was carried out using an atomic force
microscope. The research apparatus compared the general scientific results, formalizing and
comparing the obtained results with the experimental data presented in the scientific publications
published in the leading Russian and foreign publications.

In a research study on the effect of sensor drift, modifiers, and thermal devices on their
properties, experimental research methods were used, prior to automated setups and experiments to
measure sensor propertiessample storage and preparation methods were used. The sensor
manufacturing technology is presented, which includes the following operations:

Continuous magnetron sputtering on a sapphire substrate in an oxygen-argon plasma of a Sn
and Sb alloy target;

introduction of P#Pq4, Au, Ag, Y modifiers into the mass and surface of SnO: films;
photolithography; annealing; collection of samples.

four series of samples were prepared for experiments: Pt/Pd/SnO2: Sb (series 1), Au/SnOa:
Sh, Au (series 2), P/Pda/SnOz: Sh, Ag, Y (series 3) and Ag/SnOz: Sh, Ag, Y (series 4).

During the formation of SnO- films, antimony content in the target is 0.5%. To change the
volume of SnO., pieces of matching metals were placed on the surface.

For all studied samples, the ratio of the surface area of metal Sy particles and the area of the
scattered part of the target Ssy was the same and was 3-10-3. Ag in the volume of SnO> was placed
on the surface of fragments of both metals in case of addition of Y, so SAQ/Ss= 3-107 and Sy/Ssn=
3-103. Dispersed layers of catalysts on the surface of SnO; are applied using the same DC magnetron
method [11]. If Pd is first deposited on pi/pq layers, before deposition of films with SnO- layer, sample
size is 0.8 x 0.8 mm?, sensitive layer - 0.3 x 0.3 mm?. It is necessary to take into account that the
thickness of films of the 1st series is 100 nm, 2nd series - 110 nm, 3™ and 4™ series - 120 nm. The
expression (1) for the excess barrier conductivity of the SnO> film in the polycrystalline thin film of
tin dioxide was given

Go(T, 4) = Goo (T, A) exp |— 2222 ¢ )

Where A is the absolute humidity of the gas-air mixture; k— Boltzmann’s constant; Goo(T, A)
— value determined by electrophysical parameters of SnO2 and geometric dimensions of films

(eN;(T,A))?
2Nd£7‘£0

e, o(T,A) = + kT; (2)

2" - donor input concentration SnO2; ¢, - relative dielectric constant SnO2; &, - electric

constant. Desorption of oxygen ions is an inertial process that increases with increasing relaxation
time. T decreases sharply [12], which can be used to determine e, (A) [12,13].
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From the analysis of the conductance ratio Go(T2) and Go(T1), as well as the temperature
dependence of the value, taking into account that Goo is in the selected temperature range, is constant
in the SCR even with a rapid decrease in sensor temperature from Ng T2 before T1 Ni (T2, A) that
there was not enough time to changefor, this formula is used eg@g,.

_ kT o [Go(Tp4) (13)%75 :
e, o(Tz'A) T -1y In [GO(Tl,A) (Tl) ] + KTy (3)

Based on the above, T, and the duration T of the high-temperature part of the thermal cycle
are chosen so that at the end of this part of the cycle, stationary values are established. Go(T2, A) and
e, o(T,, A). T1should be significantly lower, but not less than 473 K, since T1< 473 K2 to the surface
of Sn02[14,15]

Chemisorption of molecular oxygen is characterized by another valueeg,,. To ensure
equality Ni (T2, A) for some time Ty, the temperature change must be very fast.

Figure 1 - Time dependence of the conductivity of the sensor
in the thermal cycle mode.

The following parameters were selected for sensors of series 1: T1=473 K, T,=673 K, T, and
T18and 6 s, respectively. where the duration of the low-temperature part of cycle 1 is the temperature
rise time Ty before the temperature drop from T, was 0.2 s. (before T2, T:1-0.7 s). to the time
dependence of conductivity Go(T) after a sudden increase in temperature T1 before T, 0.2<t<6.5sa
decrease in conductivity is observed due to a decrease in the surface density of adsorbed hydroxyl
groups. An increase was observed after NOH. Stationary values of t > 6.5s are set in [3, 5, 12] centers
where O ions are released due to adsorption.

Ni(T2), e, (T,, A) and Go(T2) during rapid cooling of the sensor before T2 intime T1 8 < T
< 8.7 s due to recharging of Ni(T2) deep energy levels, O- for ions, decreases according to the
expression Go(1) and e, (2) changes according to the formula (2). [In the interval 8.8 <t < 10
SGo=const = GO(T1)] energy lines. eqso(T1) = ([eNi(T2)]? /2Ngereo) +kT1. when bending, att > 10's,
a slight increase in Go(T) is observed due to the desorption of O- ions and the increase in the surface
density of neutral hydroxyl groups.
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The results of determination of eqso(T2) at A=6.1g/m? for sensors based on pi/pa/SnO2: Sb are
presented in Table 1. Good reproducibility of Go(T2), Go(T1) and eps(T2) and values. e@so(T2) in a
series of 3 consecutive experiments. by reducing t1 from 6 to 2 s and t2 from 8 to 7 s in obtaining
analysis results, the time of determining eeso(T2, A) can be reduced without errors. The results of
determining ephso for other series sensors are presented in Table 2

Table I.
Properties of sensors based on Pt/Pd/SnO2:Sb film snx2=0
Experience | Go(T2)*107, Cm Go(T1)*108 Cm e@so(T2), eV
1 3.32 1.19 0.56
2 3.56 1.34 0.56
3 3.43 1.27 0.56
Table II.
e@govalue for series 1-4 sensors
Series epso(T2), eV
Pt/Pd/SnO2: Sb (1) 0.56
Au/Sn0O2: Sh, Au (2) 0.4
Pt/Pd/SnO2: Sh, Ag, Y (3) | 0.7
Ag/Sn0O2: Sbh, Ag, Y (4) 0.66

In conclusion, an express method for determining the bending value of the ephs0 energy bands
at the interfaces of SnO. nanocrystals in a polycrystalline thin film of tin dioxide, an analysis of time
dependence taking into account the conductivity of the sensor in the thermal cycle modedeveloped
on the basis ofinertial phenomenon during the desorption of oxygen ions from the semiconductor
surface.The main role of the modifier particles (Pt/Pd, Au, Ag and Ag + Y) on the surface of SnO; is
to set certain values for the dissociation levels of H> and H.O molecules in the pure air + H, gas
mixture. this ultimately leads to differences in electrical and gas sensitive properties of different series
of sensors
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