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ABSTRACT In this work, the mode of production by reactive magnetron sputtering of n-TiN/p-CdTe/n-CdTe heterostructures,
which have the properties of a phototransistor with an unconnected (floating) base, is investigated. It is shown that in the
structure of n-TiN/p-CdTe/n-CdTe at reverse voltage at the collector junction of p-CdTe/n-CdTe under conditions of irradiation
close to AM1 from the side of the n-TiN emitter, the phenomenon of amplification of the collector photocurrent by the direct
current of the directly switched on is observed of the n-TiN/p-CdTe heterojunction. A forward voltage is applied to the n-
TiN/p-CdTe heterojunction due to the positive charge of the p-CdTe base during illumination. Photoelectric phenomena
during illumination of the n-TiN/p-CdTe/n-CdTe heterostructure were analyzed. The purpose of this work is to evaluate the
practical use of the newly created n-TiN/p-CdTe/n-CdTe heterostructure in the phototransistor mode of operation to create
an illumination sensor with a digital interface for use in network control and management systems. The possibility of using
the manufactured transistor as a digital illuminance sensor for large values of light flux is substantiated. The phototransistor
was used as the primary converter for the microcontroller, which includes a functional block of the operational amplifier. The
phototransistor and the operational amplifier together implement the photocurrent-voltage converter system. This solution
allows you to use the internal operational amplifier of microcontrollers with a unipolar power supply. The linearization of the
transfer characteristics of the phototransistor allows you to use microcontrollers with low computing power. It was
established that the transfer characteristics are closer to linear ones with an increase in the voltage between the collector
and the emitter of the phototransistor. The sensor device using the developed transistor was assembled on a PIC16F1713
series microcontroller, which contains an operational amplifier that allows the implementation of a universal synchronous-
asynchronous receiver/transmitter digital interface for transmitting the measured light flux data. Implementing a wireless
light sensor on the GB2530 module, which is based on the system on a chip CC2530 allows you to get a mobile device. Data

exchange on the airwaves takes place in accordance with the IEEE 802.15.4 standard.
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I. INTRODUCTION

odern photo devices based on semiconductor
IVIstructures make it possible to use the energy of

natural light in various aspects. The creation of
new semiconductor photo devices is aimed at increasing
their sensitivity, reducing production costs. This work
presents the possibilities of applied use of the created
heterojunctions on promising n-TiN/p-CdTe/n-CdTe
structures. Having the properties of a phototransistor, this
structure can be used as a light sensor on the basis of which
it is possible to create devices used in solar energy,
environmental control of greenhouses, office, hospital
premises, etc. The purpose of this work is to assess the
practical use of the newly created heterostructure n-TiN/p-
CdTe/n-CdTe in the phototransistor mode of operation to
create an illumination sensor with a digital interface.

Thin films of titanium nitride (TiN) have physical
properties that contribute to wide application in the
creation of electronic devices. They are used in
photovoltaic devices as an electrode material for dye solar
cells [1], in ultra-thin organic photoconverters [2], as
selective contacts of organic-inorganic hybrid solar cells
[3], in plasmonic silicon solar cells [4]. A wide band gap
Eyg~3.4eV and alow electrical resistivity p ~ 0.4 Q-cm [5,6]
make it possible to manufacture photosensitive TiN/p-

CdTe heterojunctions [7], in which the low-resistance front
layer of TiN provides a high degree of penetration of light
quanta to absorbing layer. The high electrical conductivity
of TiN films contributes to the efficient removal of charge
carriers into the external electric circuit. A wide range of
values of the energy parameter work function
3.5-4.4eV [8-11] of TiN films obtained under different
conditions is used in semiconductor structures to create
ohmic contacts to n-CdS [8], n-Si [12] and gate electrodes
of MOS structures based on silicon [13].

In addition to ochmic contacts with semiconductors, TiN
thin films are capable of forming heterojunctions with
diode properties. This is manifested when they are applied
to semiconductor materials Ge and Si, and to crystals of
compounds Hgsln,Tes [14] and InSe [15]. When using
substrates with hole-type electrical conductivity, the
energy parameters and electrical properties of anisotype
heterojunctions TiN/Ge, TiN/p-Si, TiN/p-Hgsln,Tes, TiN/p-
InSe agree satisfactorily with models that use constants at
the heterojunction low (~ 3.69 — 3.75 eV) electron affinity
values for films. When applying these models for isotypic
heterojunctions, for example TiN/n-Si, discrepancies with
experimental data arise. Based on the heterocontact model
with unchanged energy parameters TiN/n-Si should be
ohmic with the formation of an electron-enriched region in
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n-Si. Experimental data indicate non-ohmic characteristics
of the TiN/n-Si heterojunction. A similar situation occurs
when analyzing heterocontacts TiN/n-CdTe. In this work,
the results of the study of electrical properties are analyzed
and the practical use of the newly created heterostructure
is evaluated n-TiN/p-CdTe/n-CdTe in the phototransistor
mode of operation to create an illumination sensor with a
digital interface.

Il. PRODUCTION TECHNOLOGY AND PROPERTIES
OF STRUCTURES n-TiN/p-CdTe/n-CdTe

For the manufacture of n-TiN/p-CdTe/n-CdTe
structures, substrates of n-type cadmium telluride crystals
of electrical conductivity were used. At a temperature of
295 K, they had a resistivity p~1Ohmem and a
concentration of charge carriers n=1.5-10* cm3. The
location of the Fermi level in the band gap of cadmium
telluride Ec-Er=0.1eV.

Thin films of TiN were deposited by reactive
magnetron sputtering at a constant voltage of a titanium
target in a mixture of nitrogen and argon gases on a freshly
chipped substrate of crystalline cadmium telluride
measuring Smmx5mmx0.3mm using a universal vacuum
unit Leybold - Heraeus L 560. Short-term etching of the
surface with argon ions was used to clean the target and
substrates. With this mode of deposition, the TiN film
possessed n-type electrical conductivity, the specific
electrical conductivity at T = 295 K was ¢ = 0.17 Q'-cm™?,
the electron concentration n = 1.7-10°cm 3, Before the TiN
film deposition process, the n-CdTe substrates were heated
to a temperature of ~ 570 K. Such a temperature effect, due
to the high volatility of cadmium, leads to the formation of
cadmium vacancies in the near-surface region of the
substrates, which contribute to the formation of holes.
There is a re-compensation of the conductivity type with
the formation of a p-CdTe layer in the n-CdTe substrate
from the TiN film growth side.

Contacts to the TiN thin film were made by thermal
sputtering of indium at a substrate temperature of 423 K.
For cadmium telluride substrates, ohmic contacts were
made by indium fusion at a temperature of about 180°C to
form a heavily doped n-CdTe layer. To construct the
energy diagram of the n-TiN/p-CdTe/n-CdTe structure,
data on the height of the eigenretic barriers at the contacts
of p-CdTe/n-CdTe and n-TiN/p-CdTe were used, which
were obtained from the experimental data of the study of
voltaic faradic characteristics. For homotransition p-
CdTe/n-CdTe, which is formed in the n-CdTe substrate
qoxe=1.07 eV. For heterojunction n-TiN/p-CdTe g =
1.1 eV. The electron concentration in the n-CdTe substrate
is n=1.5-10% cm. To determine the depth of the Fermi
level in n-CdTe 0J,=0.1eV, the relation for non-
degenerate semiconductors was used:

3
Ec—Er=6=kT-In (2 . (annkT) 2 : l>, (1

n? n

where mj is the effective mass for electrons in CdTe (m, =
0.096-mg), Ek is the energy for the Fermi level of the band
gap. Eg. (2) can be used in the following form:

Ec—Ep =6 =kT - In (%), @)
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where Nc=7.41-10 cm™® is the effective value of the
density of states in the conduction band of n-CdTe.

The concentration of holes in p-CdTe is from
p=1.71-10% cm™ near the contact n-TiN/p-CdTe up to
p =9.12-10* cm™ near the p-CdTe/n-CdTe contact. That
is, there is a concentration gradient of acceptors in the base
region. To determine the depth of the Fermi level in p-
CdTe 61 =0.23-0.33 eV used an expression for non-
degenerate semiconductors in the form:

3
Er—E,=8=kT-In (2 . (anka) /2 : l>, 3)

n? P

or in the form of:
— 5 — . Nv
Ep—E, =8 =kT ln(p), @)

where Ny = 5.16-10%* cm™, mp = 0.35-mo.

The output functions for electrons A, or A, for
semiconductors n-CdTe and p-CdTe were calculated
according to the ratios:

An=x1+6n Ap=x2+ (Egz - 617) 5)

Thicknesses of hole-depleted regions of the base region
d; and d, were calculated by the expression:

28085 Pk k2
d,, = [—————=, 6
o = [st ©®)

The energy diagram of the n-TiN/p-CdTe/n-CdTe
structure is shown in Fig. 1.
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FIG. 1. Energy diagram of the n-TiN/p-CdTe/n-CdTe structure.

According to experimental data, the affinity of TiN is
4.35 eV. Thickness d; = 0.83 pm, d> = 1.13 um. Actually
received 0;=0.223eV (at p=1.71-10®%cm?3, Ny=
5.16-10% cm, m, = 0.35-mp). Used in the construction of
61 =0.33 eV (corresponds to p = 1.5-10** cm3) agrees well
with the parameters of the diagram.

The obtained value of electron affinity correlates well
with works: according to TiN/Ge 4.3eV [14], MDP
structures TiN/SiO2/Si/Al 4.2 -4.5eV [13], TiN/CdS
35-4.4eV [8]. Work was determined on the TIR
structures of TiN/SiO,/Si/Al function 4.2 — 4.5 eV based on
the volt-farad characteristics similarly [15] (on the voltage
of flat zones).

1Il. PHOTOTRANSISTOR PROPERTIES OF THE STRUCTURE
n-TiN/p-CdTe/n-CdTe

Fig. 2 shows the polarity of switching on the n- TiN/p-

CdTe/n-CdTe structure for observing phototransistor

properties. The n-TiN film is the emitter region of the
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phototransistor. The base region is p-CdTe. An external
contact is not connected to it. That is, the n-TiN/p-CdTe/n-
CdTe photo transistor has a floating base region. The n-
CdTe crystal plays the role of a collector.

%'

1-TiN A e | — Vee
p-CdTe * b —
n-CdTe Ic c +

FIG. 2. Polarity of switching on the n-TiN/p-CdTe/n-CdTe
structure to observe phototransistor properties.

Fig. 3 shows the energy diagram of photocurrent
amplification in the n-TiN/p-CdTe/n-CdTe structure due to
the injection of electrons from the emitter region. When
illuminated, electron-hole pairs are generated in the p-
CdTe base and the p-CdTe/n-CdTe transition. The
generated electrons go to n-CdTe, and the generated holes
collect in the p-CdTe base. The process is analogous to
applying a positive potential to the base. The barrier height
for n-TiN conduction band electrons decreases and they
flow through the p-CdTe base into the n-CdTe collector
region.
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FIG. 3. Amplification of the photocurrent in the n-TiN/p-CdTe/n-
CdTe structure due to the injection of electrons from the emitter
region.

I-V characteristics phototransistor heterostructures n-
TiN/p-CdTe/n-CdTe with integral irradiation close to the
conditions of AML1.5 100 mW/cm? (corresponds to
85,000 Ix and less to 20,000 Ix from the side of the n-TiN
film reveal the internal amplification of the photocurrent I
up to 0.5 mA at displacements between the collector and
the emitter of ~5V (Fig.4). The study of the I-V
characteristics of the TiN/p-CdTe/n-CdTe heterostructures
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FIG. 4. Typical dependences of the collector current Ic on the
collector-emitter voltage Vce and different illumination levels E
(halogen lamp) for the n-TiN/p-CdTe/n-CdTe structure.
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was carried out using a semiconductor device parameter
meter L2-56. A halogen lamp with a light flux concentrator
was used as a light source. Yull6 luxmeter was used to
measure the illumination. During the study of the I-V
characteristics, the temperature of the heterostructure was
constantly monitored, which was at 20 °C.

Based on the developed and obtained phototransistor n-
TiN/p-CdTe/n-CdTe has implemented an illumination
sensor with digital transmission of illumination value data.
It is also promising to implement both wired and wireless
lighting sensors for use in the corresponding sensor
networks and Internet of Things.

IV. PHOTOTRANSISTOR SENSOR

The scheme of the primary converter for determining
the level of illumination is based on the electro-optical
properties of the phototransistor of the n-TiN/p-CdTe/n-
CdTe structure. To convert the amount of illumination into
an electrical signal (voltage or current) with the help of a
phototransistor, phototransistor circuits with a common
emitter or a common collector are used. The same
photophysical processes of converting photon energy into
an electrical value occur in these phototransistor switching
schemes. In addition, the requirement for the process of
illumination from the emitter region and the design of the
transistor indicate the optimality of using a circuit with a
common emitter.

To implement a sensor with a digital interface, it is
necessary to process the signal from the phototransistor
with a microcontroller. If the formula V = f(E) (Fig. 4) is
used to determine the illumination (where I, V, E are the
current, voltage, and illumination values, respectively),
then significant computing power must be used due to the
nonlinearity of the phototransistor I-V characteristic. If the
dependence | = f(E) (Fig. 5) is used, then due to the almost
linear dependence of the photocurrent on the illumination,
the computing power will be much lower.

Analog-to-digital converters (ADC) implemented in
microcontrollers convert analog voltage into digital code,
so it is necessary to convert the functional dependence
I=f(E) into a linear dependence V=f(E) using a current-
voltage converter. In general, the process of converting the
analog value of illumination into a numerical code at the
digital output of the sensor will correspond to the block
diagram in Fig. 6.
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FIG. 5. Typical dependences of the collector current Ic on the level
of illumination E (halogen lamp) and voltages Vce for the n-
TiN/p-CdTe/n-CdTe structure.
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FIG. 6. Block diagram of the process of obtaining a digital code
of the illumination level: 1 — current-voltage converter, 2 — ADC,
3 — computing unit (microprocessor), 4 — digital interface
(wired/wireless).

According to the proposed concept of creating a digital
light sensor on phototransistors of the n-TiN/p-CdTe/n-
CdTe structure it is necessary to use microcontrollers that
contain an operational amplifier block, for example, the
PIC16F1713 series [16]. It is also possible to create
wireless sensor lights on the system on a chip (SoC)
module GB2530 [17, 18]. The current-voltage converter
[19] block on the microcontroller operational amplifier is
implemented according to the diagram in Fig. 7.

The voltage on the collector of phototransistor VT1 is
set by resistors R1 and R2, which are connected to the non-
inverting input OPAin+ of the operational amplifier block
of the microcontroller. Phototransistor VT1 and resistors
R3 and R4 in the circuit of the inverting input OPAin-
operational amplifier OPA converts the photocurrent into a
directly proportional value of the voltage that is fed from
the output OPAout to the input output of the analog-to-
digital converter block ADCin microcontroller.

In this case, the general form of the functional
transformation for obtaining the numerical value of
illumination into a digital code will be described by the
following mathematical formulas:

E=kI=k Uora _ 4, Yapc _ k _UREF_N' (7)

R3+R4 R3+R4 R3+R4 2M-1

where, Vger is the value of the reference voltage, n is the
ADC bit rate, N is the numerical value of the illumination
in the binary numbering system, Voea is the voltage from
the output of the operational amplifier, Vapc is the voltage
at the ADC input. As shown by the formula and graphs in
Fig. 4, the proportionality coefficient k = E/I can introduce
the largest errors during the conversion of values. Table 1
shows the calculated values of the coefficient k at the
largest deviations of the photocurrent from the illumination
according to Fig. 4.

Deviation by more than 20% of the coefficient k at
values of V¢ <1V and E = 20000 Ix due to the significant
non-linearity of the volt-ampere characteristics of the p-n
junctions of the transistor at low collector-emitter voltages.
At the values of V¢> 1.5V and E > 20000 Ix deviation of
the proportionality factor k is within £10% and is quite
acceptable for use as a light sensor for large light levels. If
you plot the graphs with dependencies E = f(I) (Fig. 8),

Q =4ADC

={CPU

TABLE 1. The value of the proportionality coefficient k.
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FIG.7. Scheme of implementation of the current-voltage
converter of the illumination sensor using the operational
amplifier unit of microcontrollers: OPAin- (7pin PIC16F1713, 12
pin GB2530), OPAin+ (6pin PIC16F1713, 13 pin GB2530),
OPAout (3pin PIC16F1713, 11 pin GB2530), ADCin (2pin
PIC16F1713, 10 pin GB2530).
then to make a linear relationship with the help of a
polynomial of the form Y =A+ BX, you can get the
necessary values of A and B to calculate the value of
illumination E at the measured currents I, for example,
using software package ORIGIN. If you define gq as a
coefficient that determines the voltage value on the
collector Vc = ¢ Vop = ¢V rer = Vorain+ (q < 1), then the
price of a unit of the numerical value of illumination at the
output of the ADC is determined by the formula
AE AE
@-D-q@"-1) _ @-DI-Q ®
It follows from this formula that q should go to zero, but as
can be seen from Fig. 4 and Table 1 at small V¢ values the
transistor is characterized by a significant nonlinear
dependence of the photocurrent on illumination.

Then, in this case, the general form of the functional
transformation for obtaining the numerical value of
illumination into a digital code will be described by the
following mathematical formulas:

Vops — Vopai
E=A+BI=A+p-224 obdm+ _

R3 + R4
VADC - VOPAL'n+
— A4 p-ARC__ “OPAImt _
+ R3 + R4
=A+—— ZREE(N _gq(2" = 1)), (9)

R3+R4 2M-1

where, Vrer (Vrer=Vpp) is the value of the reference
voltage, n is the ADC bit rate, N is the numerical value of
the illumination in the binary numbering system, Vopa is
the voltage from the output of the operational amplifier,
Vaoc is the voltage at the ADC input.

E Ve=0V Vc=05V  Vc=1lV Vc=15V Ve=2V V=25V Vc=3V V=35V V=4V Vc=45V  Vc=5V
20000 4000.0 1000.0 666.7 400.0 3636 3333 2857 266.7 250.0 2353 2222
30000 3000.0 600.0 5000 3333 300.0 250.0 2222 2143 1935 1765 1714
55000 1375.0 6875 5000 366.7 2895 2619 2292 2115 189.7 1774 16138
85000 1700.0 653.8 425.0 3400 2931 2500 229.7 2179 1932 1868 1753
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FIG. 8. Reconstructed dependences of the illumination level E on
the collector current Ic of the transistor at voltage values Vce.

Linearization is carried out in Fig. 8 for two Vc voltage
values of 1.5V and 2.5V, because the light sensor was
investigated at supply voltages of 3 V (CC2530) and 5V
(PIC16F1713/6).  Therefore, we chose q=0..
Linearization coefficients A =2599-10° and B=
332.599-10° for Vc=15V, and A=4.1-10° and
B =237.774-10° for Vc=25V. In both cases, the
maximum deviation of the measured E values from the
calculated values did not exceed £11%. The values of the
components are as follows R1 =R2,q=0,5.

When using PIC16F1713, the calculated sum of
R3+R4 was equal to 7.35kQ, so R3=R4 =3.6kQ.
Therefore, the calculation formula for calculating the
illumination by the microcontroller processor core was as
follows:

2377 5
E=(41 +—7,2 ST

(N —0,5(21° — 1)) - 102. (10)

When using GB2530, the calculated sum of R3+R4
was equal to 6 kQ, so R3 =R4 =3kQ. Therefore, the
calculation formula for calculating the illumination by the
microcontroller processor core was as follows:

E = (2599 + 222, 2 (N - 0,5(21 - 1)) - 10°. (11)

The sensor device using the developed transistor
assembled according to the diagram in Fig. 7 was
assembled on a microcontroller series PIC16F1713/6,
which contains an operational amplifier. Algorithm of
operation of the microcontroller involves data exchange
via the USART digital interface, data exchange in the
format shown in Fig. 9.

Start byte] Command byte | Stop byte
a)

Start byte Data field Stop byte
b)

FIG. 9. Digital interface field formats: (a) format of sensor request
commands, (b) format of output data from the sensor.
Command and data fields are transmitted in ASCII
format, without a checksum:
e  Start byte of command 01h;
e  Start data byte 02h;
e  Stop byte of command and data FFh;
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e Command byte:
11h — start measurements;
12h — transfer the last measured data;
13h — start 10-fold measurements;
14h- transfer the averaged data.
e Format data field
1 byte - tens of thousands.
2 byte - thousands.
3 byte - hundreds.
4 byte - tens.
5 byte - units.

Implementing a wireless light sensor on the GB2530
module, the basis of which is the SoC CC2530 allows you
to get a mobile device. This solution allows you to use the
internal operational amplifier of the CC2530 with unipolar
power supply. Data exchange on the airwaves takes place
in accordance with the IEEE802.15.4 standard. One of the
conditions for safe data storage in IEEE802.15.4 networks
is the stability of packet transmission in accordance with
the format shown in Fig. 9. Research was conducted to find
the greatest distance at which our packets are not lost.
According to the characteristics of the CC2530, the
sensitivity of the receiver in it is at the level of -97 dBm
[17]. The power of the transmitter is set by software. The
maximum value that can be set is 4.5 dBm. To determine
the maximum range of reliable reception, we used a
network traffic analyzer and the program "SmartRF Packet
Sniffer". Using the field indicators of the level of the input
signal determined with the help of the analyzer, we built a
graph (Fig. 10) of the dependence of the level of the
received signal on the distance between the transmitter
(developed device) and the receiver (network analyzer) at
the level of direct visibility at a height of 1.2 m.
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FIG. 10. Graph of the dependence of the signal level at the
receiver input on the distance to the transmitter.

The analysis of the measurement results shows that the
range of stable reception is 65 m in line of sight. At the
studied levels of the specified output power of the CC2530
signal (4.5 dBm, 1 dBm and -3 dBm), packet losses began
to be observed at a distance of 70 m, 50 m and 35 m,
respectively.

V. CONCLUSION
The proposed technology for obtaining a photosensitive
transistor structure has prospects for further improvement.
Calculations and the experimental part of the work indicate
the possibility of using the n-TiN/p-CdTe/n-CdTe structure
to build a digital light sensor based on single-crystal
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processor systems. Linearization of the transfer
characteristics of the phototransistor allows the use of
microcontrollers with low computing power. It was
established that the transfer characteristics are closer to
linear ones with an increase in the voltage between the
collector and the emitter of the phototransistor. The sensor
device using the developed transistor and PIC16F171
series microcontroller, which contains an operational
amplifier, allows to implement a USART digital interface
for transmitting the measured light flux data. Implementing
a wireless light sensor on the GB2530 module, which is
based on the SoC CC2530 allows you to get a mobile
device in which data exchange over the air takes place in
accordance with the IEEE 802.15.4 standard.
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Po3pobka ¢potoTpaH3ucropis n-TiN/p-CdTe/n-CdTe pna
BUKOPUCTAHHA B mepexesomy undpposomy CBIT10BOMY
DATYNKY

IsaH Opneubkuiil, Mapis lnawyk?, Cepriit Hiunit", BorgaH Hiunii?

Kadepnpa enekTpoHiku i eHepreTMku, YepHiBeLbKuit HaLioHabHKI yHiBepcuTeT imeHi Opis ®eabkosuya, YkpaiHa
2Kadenpa pagioTexHiku Ta iHpopmauiiHoi 6e3neku, YepHiBeLbKuii HaLioHanbHUI YHiBepcuTeT iMeHi HOpis deabkoBuua, YKpaiHa

*ABTOp-KOpecnoHAeHT (EnekTpoHHa agpeca: s.nichyi@chnu.edu.ua)

AHOTALLIA B paHii poboTi AOCNIOKEHO PEXUM BUFOTOBNEHHA METOAOM PEAKTUBHOTO MArHeTPOHHOro HanWAeHHs
retepocTpyktyp n-TiN/p-CdTe/n-CdTe, aKi BoNOAjOTb BNACTUBOCTAMM GOTOTPAH3UCTOPA 3 HEMiAKAOHYEHO (M1aBaloyoo)
6a3010. MokasaHo, LWo y cTpyKTypi n-TiN/p-CdTe/n-CdTe npv 3BOPOTHI Hanpy3i Ha KoNEeKTOpHOMY nepexogai p-CdTe/n-CdTe
33 YMOB ONpOMiHeHHA 6a13bkux go AM1 3i cTopoHu emitepa n-TiN cnocTepiraeTbca ABULLE MiACUIEHHA KONEKTOPHOTO
boToCTpyMy NpAMMUM CTPYMOM NPAMO yBIMKHeHoro reteponepexogy n-TiN/p-CdTe. MNpsama Hanpyra Ao reteponepexoay n-
TiN/p-CdTe npuknagaeTbca BHACAiA0K NO3UTUBHOIO 3apAaay 6asu p-CdTe npu ocBiTaeHHi. MpoaHani3oBaHO GpOTOENEKTPUUHI
ABULLA MPWU OCBITNEHHI reTepocTpykTypu n-TiN/p-CdTe/n-CdTe. MeTa aaHoi po6OTM OLHUTU MPaKTUYHE BUKOPUCTaHHSA
BrepLie CTBOpPeHOi retepocTpyktypu n-TiN/p-CdTe/n-CdTe B pexxkumi po6oTn $HOTOTpaH3UCTOPA 418 CTBOPEHHA CeHcopa
OCBiTNIeHOCTi i3 undposum iHTepdeicom ANA BUKOPUCTAHHA B MEPEKEBUX CUCTEMAX KOHTPONIO Ta YNpPaBAiHHA.
O6rpyHTOBAaHO MOMK/IMBICTb BUKOPUCTAHHA BUTOTOB/IEHOIO TPAH3MUCTOPaA AK LMGPOBOro CeHcopa OCBITNEHOCTI ANA BENNKUX
3HayeHb CBIiT/I0BOrO NOTOKY. POTOTPAH3UCTOP BUKOPUCTOBYBABCA AK MEPBMHHMI MepeTBOploBaY A/ MiKPOKOHTpoOaepa B
CKNagj Aakoro € GpyHKLioHanbHWI 610K onepaLiiHoro niacuatoBaya. PoToTpaH3UCTOp i onepaLiiHMI NiacMNOBaY peanisytoTb
pasom cuctemy rnepeTsoptoBay ¢GOTOCTPyM-Hanpyra. [laHe pilleHHA [03BONAE BMKOPUCTATU BHYTPILWHIA onepauiiHui
nigcuaoBay  MIKPOKOHTPO/IEpiB 3 OAHOMONAAPHUM  KMBJIEHHAM. JliHeapu3alia nepefaToyHUX  XapaKTepUCTUK
$OTOTPaH3NCTOPa [A03BOJIAE BUKOPUCTOBYBATU MIKPDOKOHTPONEPU i 3 MaaMMu OBYMCIIOBANbHUMM MOTYXKHOCTAMM.
BcTaHOB/EHO, WO NepeaaToYHi XapaKTEPUCTMKM Binbll HabAWMKEHi 40 NiHIAHMX i3 36iNbLUEHHAM HaMPYru MK KONEKTOp-
emitep ¢oTtoTpaHsncTopa. CEHCOPHUM MPUCTPIA 3 BMKOPUCTAHHAM pPO3pobaeHoro TpaH3uctopa 6ye 3ibpaHuii Ha
MiKpoKOoHTponepi cepii PIC16F171, AaKkMit MiCTUTb onepaLinHWiA NiacuaoBay A03BONSE peanisyBat LUppoBui iHTepdeiic
USART ans nepepadi BUMIPAHWUX OaHUX CBITI0BOro MOTOKY. Peanisytoun 6e3npoBigHUiM CeHCOop OCBITNIEHOCTI Ha Moayni
GB2530, 6a3oto0 AKkoro € SoC (System-on-a-Chip), CC2530 go3Boase oTpUmaTth MobinbHWUIA npucTpiin. O6MIH gaHMMK B
pagioedipi BinbysaeTbca BignosigHo Ao ctaHgapTy IEEE 802.15.4.

KNKOYOBI C/IOBA $OoTOTPaH3UCTOP, reTepoCTPyKTYPa, MiIKPOKOHTPO/1ep, OCBITAEHICTb.
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