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Abstract

When designing electronic circuits, it is extremely important to know the actual characteristics of electronic
components (diodes, transistors, zener diodes, Hall sensors, magnetotransistors, etc.). This is due to the fact that
there are tolerances in the parameters of electronic semiconductor components. These tolerances are reflected
in the catalog data of the components as an interval of values, and not as a specific value for a specific compo-
nent. When designing electronic circuits and developing prototype electronic blocks, it is good to conduct tests
on each component to show its individual characteristics. There are devices on the market that allow for oscil-
lography of the characteristics of electronic components. In many cases, however, they are very expensive or are
inaccessible to a wider range of designers and developers of electronic circuits.

This report proposes and describes a real electronic module that allows oscillography of the characteristics
of most electronic semiconductor components and some types of sensors using a standard two-channel oscillo-
scope. A block diagram, a schematic electrical diagram, diagrams reflecting the principle of operation, sample
measurements, and a photo of the developed module are presented.

Keywords: Semiconductor electronics components, Research of semiconductor elements, Chartwrite device,
automation measurement system, DAQ — system, galvanomagnetic sensors, discrete sensors.

AOcTpakT

Ilpu npoexmupanemo na en1eKmpoOHHYU CXeMu e Om USKTIOYUTNENHO 3HAYeHue 0a ce no3HAsam Oeticmeumern-
HUMmMe XapaxmepucmuKyu Ha eleKmpoHHume KOMNOHeHmu (Ouoou, mpanH3ucmopu, cmabuiumpony, ceH3opu Ha
Xon, macnumompanszucmopu u 0p.). Tosa ce nanaza om ghaxma, ue Coiyyecmeysam moiepanci 8 napamempume
Ha eNeKmpOoHHUMe NOTYNPOSOOHUKO8U KoMnonenmu. Te3u moaepancu ce ompaszasam 6 KAManoxcHume OaHHU Ha
KOMNOHeHmUme Kamo UHmMepean om CmouHoCmuy, a He Kamo KOHKpemua CoiiHoC 34 KOHKpeneH KOMROHEHM.
Ilpu npoexmupanemo Ha eneKMpoOHHU CXeMU U Npu U3pabomeanemo Ha NPOMOMUNHU eneKmpoHHU OI0KoGe e
0obpe Oa ce nposedam mecmose Ha 6CEKU KOMNOHEHMU, KOUMO 0d NOKAXCaAm UHOUBUOYATIHUME MY XApaKme-
pucmuxu. Ha nazapa cvwyecmgysam ycmpoucmea, KOUmo 0asam 6b3MOICHOCH 3a ocyurozpagupane Ha Xa-
PAKMepUCmuKume Ha e1eKmporHnu KOMnonenmu. B mnHozo ciyuau, obaue, me ca Ha MHO20 8UCOKA YeHA UTU Cd
HeOOCMBbRHU 30 NO-WUPOK KPb2 NPOEKMAHMU U pa3padomuuyy Ha el1ekmpoHHU CXeMU.

B nacmoswusa 00k1a0 e npeonoxceno u onucan peanen enekmpouHen Mooy, no3eoaa8auy ocyunospagpupare
HA XApaxmepucmuKume Ha nogeyemo eieKmpoHHU NOIYNPOBOOHUKOSU KOMHOHEHMU U HAKOU 8U008e CeH30pu
upes cmanoapmen 0gykananeH ocyunockon. llpedcmasenu ca 610K08a cxema, NPUHYUNHA eNeKMPULECKa cXemd,
ouazpamu, ompasasawy NPUHYUna Ha paboma, NPUMEPHU USMEPEAHUsL U CHUMKA HA pa3pabomenus MOOyIl.

INTRODUCTION

The development of electronic technolo-
gy 1s mostly determined by the develop-
ment and improvement of methods and
means for obtaining measurement infor-

components, thereby facilitating their re-
search [1, 8, 9].

And automated testing of electronic sem-
iconductor components would lead to im-
proved accuracy of their characteristics and

mation [2, 3, 14, 16, 18].

There are various types of automated
measurement devices and methods, one of
which is the characteristic graph [4, 5, 12,
13, 15, 17]. They allow for recording the
characteristics of various types of electronic

parameters. Capturing static characteristics
in laboratory conditions is a laborious pro-
cess, associated with increased attention
from the operator, requirements for ambient
temperature, stability of power supplies
and, finally, the time for which the meas-
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urement is carried out [6, 7]. The purpose
of this work is to present an alternative
electronic module, enabling the display
(oscillography) of the static characteristics
of electronic semiconductor components
and sensors (without a built-in signal pre-
processing circuit) using a standard two-
channel electronic oscilloscope.

WORKING PRINCIPLE. BLOCK
DIAGRAM

Capturing the characteristics of electron-
ic semiconductor components using classi-
cal schemes and methods [3, 17] is a labo-
rious process, the accuracy of which de-
pends on various factors such as ambient
temperature, accuracy of measuring instru-
ments and signal sources, accuracy of set-
ting by the operator, etc. As a disadvantage
of classical methods, the need for many
measuring instruments can be noted. They
must be of the same type and accuracy
class. Signal sources are required, and final-
ly is the time for performing the tests. To
improve the accuracy of the test, it is neces-
sary to capture more points of the character-
istic, which extends the measurement time.
This leads to an increase in the temperature
of the sample tested and a change in its pa-
rameters. All this is avoided when using
more modern methods for capturing static
conversion characteristics [4, 11, 12].

A block diagram of the developed mod-
ule, allowing oscillography of the static
characteristics of semiconductor electronic
components and some types of sensors, is
presented in Fig. 1. The main block in the
circuit is a sawtooth voltage generator
(SVG) that produces negative or positive
pulses depending on the type of the element
under study (diode, NPN or PNP transistor,
N-MOSFET or P-MOSFET, Hall element,
magnetotransistor ~or  magnetoresistive
bridge, etc.) with an amplitude Ucen=10V.
This voltage is amplified by a current am-
plifier so as not to load the generator. The
amplified sawtooth signal is fed to the pow-
er electrode of the element under study and

simultaneously fed to the horizontal scan
channel (X) of the oscilloscope. To control
the vertical scan, the signal received from
the amplifier output is converted into volt-
age by the current-voltage converter (CVC)
and fed to input Y of the electronic oscillo-
scope. The converter is equipped with a
current limiter that limits the supply current
(Is<40mA). This protects the amplifier and
the measured component from damage.

Cawtooth
voltage
generator

[

Schmitt trigger

Current to voltage
converter

—»o0

Step voltage
generator

INEEN

Magnetic field modulation module ——] DC electromagnet

Voltage to current | _'_ S‘Z
converter -@i

Brightness regulator —1 Light source

Fig. 1. Block diagram of an electronic module
for oscillography of the characteristics of
electronic semiconductor components

A positive gate pulse is supplied to the
Schmitt trigger from a sawtooth voltage
generator (SVG), which serves to control
the step voltage generator (SVG), which
creates the control current through the volt-
age-current converter (VCT). After each
straight stroke of the sawtooth cut, the sup-
ply voltage (Us) and supply current (Is)
parameters change. As a result of the over-
all measurement on the oscilloscope screen,
a family of characteristics is obtained. To
stabilize the resulting image, the SVG fre-
quency is selected Fen=500Hz.

The schematic diagram of the developed
module is presented in Fig. 2. SVG consists
of an integrator (IC2) and a comparator
(IC1). Depending on the position of the
switch SW2, the output sawtooth voltage
has a positive or negative polarity (+Ugew, -
Ucen). It is fed to the amplifier block. It is a
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complementary emitter follower, imple-
mented with transistors VT1 and VT2. The
potentiometer RP1 determines the voltage
amplitude, which is directly related to the
distance from each other of the curves in
the family of characteristics on the oscillo-
scope screen. The CVC implemented by
integrated circuit IC3 operates in subtrac-
tion mode, amplifying the voltage drop
across the measuring resistor R1 by 10
times. For the output voltage, which is fed
to the Y input of the oscilloscope, we can
write:

where: k£ — gain coefficient; R1 — value of
the measuring resistor, IS — magnitude of
the supply current (not more than 40mA).
Transistors VT3 and VT4 provide current
limitations. The voltage coefficient for the
horizontal scan Uy is adjusted internally by
the trimmer potentiometer RP4.

By means of potentiometer RP2, a load
line is plotted in the field of the characteris-
tic family (when studying transistors and
magnetotransistors). The change in the
voltage drop across R1 causes a proportion-
al change in the supply current /5. The volt-
age drop across resistor R1 is subtracted
from the sawtooth voltage, and the resulting
difference is fed to the measured sensor as
voltage Us (for Hall elements and magneto-
resistors, photoresistors, phototransistors)
or Uce (for magnetotransistors). Increasing
the collector current through potentiometer
RP2 leads to a decrease in the maximum
value of the voltage Uck:

Ucem =Urmam =RP2.1 ¢y (2)

The display field on the abscissa of the
obtained characteristics decreases in pro-
portion to the magnitude of the ordinate.
The load line is obtained by mentally con-
necting the end points of each displayed
characteristic, as is usually drawn when
determining the operating mode of a simple
bipolar transistor. The Schmitt trigger, im-

plemented with discrete elements (transis-
tors VTS5, VT6 and resistors R29-R31) can
be controlled in two ways depending on the
position of the SWS5 switch. To obtain a
family of characteristics, the Schmitt trigger
is controlled by SVG through the diode D9.
When activated by pressing the SW4 but-
ton, only one conversion characteristic is
displayed on the oscilloscope screen. Each
time the button is pressed, the next charac-
teristics of the family are displayed on the
oscilloscope screen one by one, and the
previous ones are extinguished.

The step voltage generator is implement-
ed with a TTL decimal counter SN7490.
The resistor matrix connected to its outputs
provides different output voltage levels for
each incoming control pulse from the
Schmitt trigger, thus obtaining a step-
changing voltage. The division factor is
finely adjusted with trimmer potentiometers
RP10, RP11, RP12 and RP13 so that the
output voltage is proportional to the current
combination of the Q-outputs of the integral
counter. After the resistor matrix, the step
voltage UCT is obtained, it is converted
into a step current from VCC. When the
switch SW2 is in position 1, the operational
amplifier IC4 operates as a non-inverting
one. Its output voltage U; is determined by
the difference between the input voltages
U4 and Ucr. Integrated circuit IC5 operates
in a negative current feedback circuit. The
output voltage U4, obtained from the ampli-
fier IC5, when studying magnetotransistors
or photoresistors is calculated by the ex-
pression:

U, =(U3 —Us)-Koys :IBtest[(RZ + Ry, + ”1)_”1]1(0)'5(3)

where: koys — value of voltage gain;
n = rgp + Pr,— input resistance of the test-
ed element. At Ucr=Uj, for the base current
of the magnetotransistor /presT we obtain:

UCT = [Btest.(RZ + RP6)KOY5 s (4)

1 ! ()

I Y . —
BIEST == CT g os R2+ RP6
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2. Schematic diagram of an electronic module for oscillography of the characteristics of

ig.

electronic components
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Fig. 3. Timing diagrams at the control points of
the circuit (a) and conversion characteristics of
an experimental magnetotransistor

Therefore, the control current Ipresr is
proportional to the step voltage and inverse-
ly proportional to the sum of the resistances
R2+RP6. The amplitude of the control cur-
rent is adjusted by potentiometer RP6. The
switch SW6 determines where the control
current is supplied from. The multi-channel
switch SW2 swaps the non-inverting inputs
of IC4 and ICS with the inverting ones, and
the resulting step current changes its polari-
ty. The external current source is connected
to the /zour terminals of the circuit with the
indicated polarity, and it is supplied to the

tested magnetotransistor through the /zour
button. The magnitude of the control cur-
rent is measured when the "GND" button is
turned on, and is displayed on the screen as
a segment corresponding to voltage. The
scale unit has a value by=2V/m.

Fig. 3 a and b present timing diagrams,
at separate control points, describing the
operation of the developed electronic mod-
ule for automated recording of the conver-
sion characteristics of electronic semicon-
ductor elements and sensors.
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Fig. 4. View of the top and bottom panels of the
device and the location of the controls

56

Céoprur ¢ doxnadu om Hayuonanna nayuna xongpepenyus TECHCO-26, Jloseu
ISSN: 3033-1323



The developed electronic module con-
sists of two printed circuit boards (panels),
shown in Fig. 4. The control elements for
managing the operating modes during the
study are located on them.
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Fig. 5. Experimentally oscillographed output
characteristics of NPN (a) and PNP (b) bipolar
transistor

CONCLISION

An electronic module for oscillography
of the characteristics of electronic semicon-
ductor elements and sensors has been creat-
ed. A block and schematic electrical dia-
gram has been developed. Timing diagrams
clarifying the principle of operation of the
device are presented. The following capa-
bilities should be noted for the developed
device: 1. Regulation of the control current
both from the built-in voltage-current con-
verter and from the external DC source
(Igour). 2. Control of the load line of the
studied components. 3. Regulation of the

distance of the characteristics is possible
when controlling the current-voltage con

Fig. 6. Appearance of the developed electronic
module

verter. 4. The step mode used for displaying
the conversion characteristics is convenient
when it is necessary to display only one
characteristic from the entire family of
characteristics. The designed device finds
wide application both in education, practice
and scientific research. With its help, vari-
ous characteristics of electronic compo-
nents and sensors can be captured, such as:
input characteristics, volt-ampere character-
istics, transient characteristics, output char-
acteristics, the conversion characteristics of
various types of discrete sensor components
(optoelectronic  and  galvanomagnetic)
through minimal change in the output cir-
cuits. The rapid display of the characteris-
tics of the studied elements using only an
electronic oscilloscope allows for applica-
tion in various research laboratories and
production centers.
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Fig. 6 shows pictures of the developed
electronic module for oscillography of the
characteristics of electronic components.
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