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Abstract—This article is devoted to the issues of building the inverter for automated determination system of
semiconductor devices volt-ampere characteristics. In the article the structure of such a system is considered
and it is proposed to use a half-bridge inverter with an inductive-capacitive filter to regulate the test voltage. In
order to control the output current of such an inverter, it is proposed to use relay control, and control of the
output voltage is proposed to be carried out indirectly through current regulation. The structure of the control
device of such an inverter that implements the proposed approach to control is developed. Using the software
environment MATLAB Simulink a virtual model of the inverter and its control device is built. The research of
the developed system operation during the determining the volt-ampere characteristic of the

semiconductor diode has been carried out.
approach.

Obtained results confirmed the efficiency of the proposed

Index Terms—Determination of volt-ampere characteristics; half-bridge inverter; computer simulation.

I. INTRODUCTION

Semiconductor devices [1], [2] are electronic
components made of semiconductor materials and
the principle of which is based on the use of
electron-hole junctions properties. Despite the
development of technologies for the production of
semiconductor devices, there are difficulties in
accurately controlling the geometrical dimensions of
active structures that form the p-n junction, the
impurity concentration in different parts of the
structure, quality, surface treatment and other
parameters. This leads to the fact that the
characteristics of the devices of the same type may
differ from each other [3]. In addition, these
characteristics are significantly dependent on
external factors such as temperature.

The main static characteristics that represent the
basic parameters of semiconductor devices are volt-
ampere characteristics (VAC) [4]. Measurement and
control of the characteristics of semiconductor
devices is extremely important during the
construction of complex electronic systems, since
the accuracy of the characteristics of such devices
has an absolute impact on the ability of the system to
operate under given conditions.

During the production there is an output quality
control of the finished product, but a certain
percentage of the reject still remains. Therefore,
when developing electronic devices and systems,

input control of the characteristics of semiconductor
devices is carried out.

The main means for measuring the VAC and
parameters of semiconductor devices are:

— a set of standard measuring devices for
manual measurement of VAC and parameters of
semiconductor devices;

— specialized measuring devices for measuring
parameters of semiconductor devices and integrated
circuits;

— specialized devices -
automatic measurement of VAC;

— automatic meters of VAC and semiconductor
devices parameters based on personal computers.

The simplest method for finding VAC is the
basic method of voltmeter-ammeter. In accordance
with this method, the electrodes of the
semiconductor device are connected to the
controlled sources of the EMF, or current, and with
the help of measuring devices — voltmeters and
ammeters, the voltages and currents in the
semiconductor devices circuits at different values of
the EMF or the current of the sources are measured.
The use of such approaches to the measurement of
characteristics requires the involvement of experts
with experience in the field of measurement, as well
as the availability of specialized measuring
equipment. In addition, the time spent to study
semiconductor elements is significant, and therefore
the use of such a method is not appropriate.

curve tracers for
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Another  approach to  determining the
characteristics of semiconductor elements is the use
of specialized devices called the curve tracers. Such
devices usually include a complete set of electronic
measuring devices that have a complex structure and
are intended for laboratory measurements. Curve
tracers are usually the most automated devices. In
general, these devices have high accuracy of
measurements, user-friendly research scheme, and
do not require additional equipment.

The modern means of automated measurement of
VAC and parameters of semiconductor devices are
VAC meters, implemented on the basis of computer
measurement technology. The hardware of such
meters includes a PC and a data acquisition device
that corresponds to the general structure of computer
measurement systems with a semiconductor device
as an object under study. The data acquisition device
contains analogue and digital I/O channels, through
which the interaction of a PC with a semiconductor
device is carried out. Through the analog output
channels the necessary test effects, which are formed
by the generators of the sweep and step function, are
transmitted to the semiconductor device. Through
analogue input channels, the values of the voltages
and currents of the analyzed semiconductor device

converted into digital codes are transmitted to the
PC. Digital I/O channels are used to control the
measuring complex.

Using such systems allows measuring of the
semiconductor devices characteristics with high
accuracy, but their cost is extremely high. Therefore,
the tasks of developing automated systems for
determining the characteristics of semiconductor
devices or their components are relevant.

II. MAIN MATERIAL

To develop the structure of the system, it is
necessary to define its basic functional capabilities.
First of all, the system should create conditions for
measuring the volt-ampere characteristics of
devices, so it should act like an adjustable current or
voltage source. Secondly, the system should
measure these values with a given accuracy in a
given range of values and properly process them.
Thirdly, the system must be integrated with a
personal computer, with which the user can set the
modes of operation and get the results of
measurements.

Based on these capabilities, the structure of the
system will look as shown in Fig. 1.
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Fig. 1. The structure of the automated system for determining semiconductor devices characteristics

The proposed system includes current or voltage
regulator, device for controlling it, system for
measuring and processing data, and system for data
transmission to personal computer. Using the
software installed on the PC, the operator sets the
type of semiconductor device and mode of research.
This data is transmitted to the control unit and
measuring system. After this, the measurement
procedure begins, during which the regulator
generates the test signals required for the research,
and the measurement system records the values of
the studied parameters. In parallel with this measured
data are processed and transmitted through the data
transmission system to a personal computer. After
the completion of the entire procedure, the measured
data is available to the operator for further use.

The key issue in the construction of this system is
the development of an electric energy converter,

which would perform a voltage or current control
function depending on the task. This is due to the
fact that semiconductor devices are characterized by
significant nonlinearity of VAC. For example, in the
study of a semiconductor stabilizer on the VAC
section before electrical breakdown, an electrical
voltage should be regulated, and after — the current.
In addition, depending on the type of device being
studied, it is necessary to change the voltage or
current polarity.

So, the purpose of these studies is to develop a
converter of electrical energy with the properties of
an adjustable source of current and voltage.

One possible solution may be a half-bridge
inverter with an inductive-capacitive filter [6]
powered by two independent DC sources. The
scheme of such an inverter is shown in Fig. 2.
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Fig. 2. Half-bridge inverter with inductive-capacitive
filter

At the output of such an inverter, a rectangular
voltage is formed which is fed to an LC filter. The
low-frequency voltage components by this filter are
skipped, and the high-frequency components are
suppressed. Thus, by providing the corresponding
control signals, it is possible to form the voltage of
the desired pattern at the output of the filter.

The transfer characteristic of such a filter is
determined according to the expression:

R

K(w)= R
(@) R+ joL - LCR

where ® is the angular frequency; R is the load
resistance.

The resonant frequency of such a filter is
determined by the expression:

1
(Dres = *
NLC
Taking into account that the differential

resistance of semiconductor devices can vary
widely, in series with the tested device it is
necessary to connect active resistance. The
amplitude-frequency characteristics of this filter at
values L = 30 mH, C = 100 uF and two values of
load resistance: the infinite value and the value of
10 ohms are shown in Fig. 3.
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Fig. 3. Transmission characteristics of the inductive-
capacitive filter at different loads

To determine the volt-ampere characteristic, it is
necessary to measure the constant component of the
current, and the use of such a filter makes it possible
to significantly reduce the high-frequency component
of the voltage applied to the tested device.

The formation of a inverter voltage or current of
a given pattern is achieved by supplying control
signals. Usually, high-frequency pulse-width modu-
lation is used for this. To ensure the implementation
of both current and voltage control two-circuit
regulation should be implemented: the inner circuit
will provide current control, and external — voltage.

The functional structure of the control device that
implements this approach is shown in Fig. 4.

The principle of such a system is as follows:

— The internal circuit implements the relay
control of the inverter current. The inverter current
setting signal U;" is either supplied from the external
control loop or from an independent input device
and is limited to the maximum level. The choice of
this signal source is carried out depending on its
value — in the case when the signal from the control
circuit exceeds a certain value, switching to an
external source is carried out. The setting signal and
the feedback signal U; are fed to the inputs of the
subtraction device, the output of which generates an
error of current regulation AU;. This error signal is
applied to the input of the relay element (RE). When
the error reaches the limit value set by the width of
the relay element hysteresis loop, the signal at its
output changes to the opposite. The high and low
output level of the relay element is the control
signals for the transistors of the inverter. An
Inverting circuit is used to receive the second control
signal. Such control provides value of the inverter
current in the given current "corridor".

— The external circuit is used to regulate the
voltage. The voltage setting signal Uy* is formed
depending on the task received from the operator for
the research of the semiconductor device. Next, this
signal, together with the voltage feedback signal Uy,
is fed to the input of the subtractor, the output of
which generates an error voltage control signal AUy.
The received signal is fed to the input of the
controller unit, which can be realized by various
standard regulators. At the output of this block, the
current setting signal is generated.

Thus, the proposed system implements
subordinate regulation, and voltage regulation is
carried out through regulation of current.

The analysis of the efficiency of such a system
will be carried out through simulation. To do this, in
the MATLAB Simulink software environment [7], a
virtual model of the proposed system should be
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constructed. For simulation, elements from the
Simscape section libraries would be used. These
libraries include a variety of electrical elements,
power supplies, semiconductor devices, measuring
elements, and more.

The structure of the constructed model is shown
in Fig. 5.

To analyze the system's performance, the process
of forming a linearly varying voltage would be
considered. In this case, the current setting signal is
limited to a value equal to 1 A. As a researched
semiconductor device, we will take a diode which
model is represented as a nonlinear VAC. The
voltage setting signal is equal to zero before the time

Up*

—_—
R /_ AU RE
U

of 0.1 s. After that, it starts to rise linearly to a value
of 10 V at a time of 0.2 s. Then it linearly decreases
to zero at a time of 0.3 s, and then remains
unchanged. At a time of 0.4 seconds, it begins to
decrease linearly and reaches a value of -100 V at a
time of 0.5 s. These values of voltages are reduced
to the voltages in the circuit, that is, the transmission
coefficients of the sensors are not taken into account.
The value of the inverter power supply voltage is
equal to 150 V. As a regulator, a proportional
controller, with a unit transmittance, is used. The
width of the relay element hysteresis loop is + 0.03 A.
The simulation results are shown in Fig. 6.
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Fig. 4. The structure of the inverter control unit
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Fig. 5. Structure of a regulated inverter model
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Fig. 6. Inverter output current and voltage graphs
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In these graphs time dependences of current
through the diode and the voltage on it are shown.
The obtained results on an enlarged scale are shown
in Fig. 7.

As can be seen from the graphs shown, as the
setting signal grows, the voltage on the diode is also
increased. The current is also increased, but the
nonlinearity between these two dependencies is
noticeable. The combination of current and voltage
values at the same time points forms the
semiconductor device VAC. After current reaching
the value of 1 A, it ceases to increase, which is due

to the used control approach. This corresponds to the
boundary point of the investigated VAC.

When connecting the negative voltage (see Fig. 6),
the voltage begins to decrease linearly to the value of
-50 V, and the current value is almost unchanged and
equal to the reciprocating current of the diode. At an
voltage of -50 B there is an electrical breakdown, and
the current begins to grow rapidly. This process
continues until the current reaches a value of -1 A,
after which it is limited and remains unchanged.
Similarly to the straight branch of the VAC, a set of
current and voltage values at the same time points
determine the reverse branch of the VAC.
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Fig. 7. Inverter output current and voltage graphs (enlarged scale)

For determining the volt-ampere characteristics
of semiconductor devices with the number of
outputs greater than two, a similar approach can be
used to construct additional current or voltage
regulators.

A characteristic feature of the implemented in
this system approach is that there is no need for the
exact formation of the voltage applied to the tested
device. It is only necessary to ensure its smooth
change in the considered range. The definition of
VAC is carried out by fixing an array of measured
values of current and voltage at the same time
points. To improve accuracy, this procedure can be
repeated several times with subsequent statistical
processing of the results.

III. CONCLUSIONS

The structure of the automated system for
determining the volt-ampere characteristics of
semiconductor devices is described in the article.
For the implementation of an adjustable voltage or
current source, it is suggested to use a half-bridge
inverter with inductive-capacitive filter. The control

system of such an inverter, which implements
subordinate voltage regulation through current
regulation, is developed. The virtual model of the
inverter is developed and researches of its operation
are carried out. The obtained results confirmed the
correctness of the proposed approach to current and
voltage regulation
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O. B. Cranenko, €. JI. IIwiin. IHBepTOp aBTOMATH30BAHOI CHCTEMH BH3HAYEHHSI XapPaKTePHUCTHK
HANIBIPOBITHNKOBUX MPUJIAIB

JlaHa cTaTTs NpUCBSYEHA BUPIIICHHIO TUTAaHb MOOYOBU 1HBEPTOPA VISl aBTOMAaTH30BAaHOI CHCTEMH BH3HAYEHHS BOJIBT-
aMIEpPHUX XapaKTEPUCTUK HaIiBIPOBIMHUKOBUX NpWIaAiB. B cTaTTi po3misiHyTa CTpyKTypa Takoi CHUCTEMH Ta
3alpOIOHOBAHO ISl PEryJIIOBaHHS TECTOBOI HANPYTH BHKOPWUCTOBYBATH HAaliBMOCTOBHH IHBEPTOp 3 IHAYKTHBHO-
eMHICHUM (inbTpoM. J[J1s1 KepyBaHHSI BHXiIHMM CTPYMOM TaKOrO iHBEPTOpPY 3alpOIOHOBAHO BHKOPHCTATH pelieiHe
perynoBaHHs, a KepyBaHHS BUXIJIHOIO HANPYTOIO 3alpONOHOBAHO 3/IHICHIOBATH OIIOCEPEIKOBAHO Yepe3 PEryIIOBaHHS
cTpyMy. Po3po0iieHo cTpyKTypy MPHUCTPOIO KepyBaHHS TaKHMM iHBEPTOPOM, IO peajli3ye 3amporOHOBaHMN MiAXif O
KepyBaHHs. 3 BUKOpUCTaHHAM mnporpamuoro cepeposumia MATLAB Simulink moOymoBana BipTyajbHa MOJENb
IHBEPTOpPY Ta INPHUCTPOIO KepyBaHHS HHUM. [IpoBeneHi MOCHiIpKeHHS poOOTH pO3poOJIEHOI CUCTEMH INPH BH3HAYEHI
BOJIbT-aMIIEPHOI XapaKTEPUCTHKU HAIIBIPOBIIHUKOBOro jAiony. OTpUMaHi pe3ylbTaTH MiATBEPIMIN Mpane3aTHICTh
3aIpOIIOHOBAHOTO MiJXOTy.

Knaw4oBi cjoBa: Bu3HaueHHS BOJBT-aMIIEPHHX XapaKTEPHCTHK; HAMIBMOCTOBUH IHBEPTOp; KOMII IOTEpHE
MOJICITFOBaHHS.
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A. B. Cranenko, E. JI. Illuiimn. UHBepTOp aBTOMATH3MPOBAHHON CHCTeMbI ONpeneIeHUS] XapaKTePHCTHK
MOJIYNPOBOAHUKOBHLIX NPHOOPOB

JlaHHast cTaThsl TOCBSIEHA PEIIEHHIO BOIPOCOB IIOCTPOCHUS HMHBEPTOpA JUIsl aBTOMATU3MPOBAHHON CHCTEMBI
OIpeJIeICHUs] BOJIbT-aMIIEPHBIX XapaKTEPUCTUK MOJIYNPOBOMHHUKOBBIX NMPUOOpPOB. B craThe paccMoTpeHa cTpyKTypa
TaKOM CHCTEMBI U MPEUIOKEHO IS PerylnpOoBaHUs TECTOBOTO HANPSKEHUS UCIONIb30BaTh MOJIYMOCTOBUI HHBEPTOp C
WHIYKTUBHO-EMKOCTHBIM ~ (punbTpoM. JIjisi  ynpaBiieHHst BBIXOAHBIM TOKOM TakKOr'0 WHBEPTOpA NPEIOKEHO
HCIONB30BaTh peEJeHOe perylupoBaHHe, a YIpPaBJICHHE BBIXOAHBIM HAINpPsDKEHHEM MPEAIoKEeHO OCYIIECTBIATh
OITOCPEZIOBAaHHO Yepe3 perylupoBaHue TOKa. Pa3zpaboraHa CTpyKTypa YCTPOWCTBA YIpPAaBIEHUs] TaKUM WHBEPTOPOM,
peau3yIoNIero MPeIIoKESHHBINA MOIX0A K yrpapieHuo. C ucrons3oBanueM mporpammuoii cpeast MATLAB Simulink
MOCTPOEHa BUPTYallbHAsi MOJIENIb MHBEPTOpPa M YCTPOWCTBA ympaBiieHHs HUM. [IpoBeneHHbIE MCCIENOBaHUs PadOTHI
pa3paboTaHHOW CHCTEMBI TIPH ONPEIENICHUH BOJBT-aMIEPHOH XapaKTEPUCTUKU MOJYIPOBOJHUKOBOIO JUOJA.
[NonyueHHsie pe3yIbTaThl MOATBEPIUIN PAOOTOCIIOCOOHOCTD MPEATIOKEHHOTO TTOAX0/1a.

KiroueBble cioBa: onpeneneHue BOJIBT-aMIEPHBIX XapaKTEPUCTHUK; ITOIYMOCTOBOM MHBEPTOp; KOMIIBIOTEPHOE
MOJIEIUPOBaHUE.
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