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SOFTWARE FOR MEASURING THE NONLINEARITY COEFFICIENT OF VOLT-
AMPERE CHARACTERISTIC FROM RASTER IMAGE OF OSCILLOGRAM

Abstract. The web application that allows by scanning a raster image of the pulsed signals ana-
log oscillogram registered in the region of high electric currents to measure the nonlinearity co-
efficient of volt-ampere characteristic and its dependence on voltage and current is described.
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Statement of the problem and purpose of research. When studying semi-
conductor materials and electronic devices based on them, it becomes necessary to
measure the volt-ampere characteristic (VAC) in the region of high electric currents.
Such measurements are necessary in the study of the VAC nonlinearity of oxide ce-
ramic materials for varistors [1]. To exclude the thermal breakdown of samples,
measurements are performed on short single voltage pulses. One can use single ex-
ponential voltage pulses, which allow to measure the volt-ampere characteristic in a
certain voltage range [2]. By varying the amplitude of such pulses, measurements
can be made over a wide range of voltage. The work [3] describes a program for
measuring the volt-ampere characteristic with high accuracy by scanning data of a
raster image of analog oscillogram of voltage and current pulses.

The purpose of this work is the creation of software that allows by scanning the
oscillogram raster image of voltage and current pulses to measure the nonlinearity
coefficient of volt-ampere characteristic and its dependence on voltage and current.

Major part. As is known [1], the volt-ampere characteristic of nonlinear mate-
rials and electronic devices based on them can be approximated by the dependence:

1= BU", (1)
where I — current; U - voltage; B - constant; « is the nonlinearity coefficient of volt-
ampere characteristic.

From relation (1) it follows that the coefficient of nonlinearity « at any point of
the VAC can be determined by the formula
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a=Ry/Ry, (2)
where Rs = U/I - the static resistance; Rp = dU/dI - the differential resistance.
Fig. 1 shows schematically the oscillogram raster image of voltage and current

when an exponential voltage pulse is applied to element with a nonlinear volt-

2

ampere characteristic.
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Figure 1 - Schematic representation of oscillograms of voltage (1)
and current (2) pulses

The work [3] describes software for measuring the instantaneous voltage U(t)
and current I(t;) at time t; by scanning the signal lines coordinates of voltage and cur-
rent in the analog oscillogram raster image (Fig. 1). Based on these data, the static
resistance Rs can be determined as Rs = U(t)/I(t;). This value of Rs corresponds to the
point of volt-ampere characteristic with voltage U(t;) and current I(t;). The differen-
tial resistance Rp required to calculate the nonlinearity coefficient « by formula (2)
can be found from the scaning data of coordinates in three points of the oscillogram
raster image (Fig. 1) for the voltage line (curve 1) and the corresponding points for
the line of current (curve 2). Using the scales of raster image found from the oscil-
lograms scanning data of calibration signals and coordinates of zero lines for voltage
and current, the program calculates by least squares method the coefficients by and
b, for straight lines drawn through three points (Fig. 1). Differential resistance Rp is
calculated as Rp = by/b;. Based on the obtained values of Rs and Rp, the program using
formula (2) finds the nonlinearity coefficient « at the point of volt-ampere charac-
teristic with voltage U(t;) and current I(t;).

Volt-ampere characteristic and dependence of nonlinearity coefficient on volt-
age and current can be obtained by scanning with a certain step of the coordinates of
voltage and current pulses along the time axis in the oscillogram raster
mage (Fig. 1).
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In the study of semiconductor materials to represent the volt-ampere charac-
teristic are used the current density /= I/S and the electric field strength E=U/L (L is
the sample thickness; S is the electrodes area). Oscillogram of the current pulse is
registered as voltage drop across the precision resistor R connected in series with the
sample. Therefore the program provides the input of values L, S, R as initial data.

Taking into account the above, program implements the following algorithm
for processing of the oscillogram raster image: 1). Loading of image into browser
window. 2). Embedding image in a canvas to implement vector graphics. 3). Intro-
duction of initial data: L, S, R. 4). Determination of voltage My and current M,
scales. 5). Determination of the zero lines coordinates y,u and yo for voltage and cur-
rent. 6). Scanning of the coordinates arrays (yiv, Xiv), (Yir, Xi) along the lines of voltage
and current pulses. 7). Calculation of instantaneous values of electric field strength
E(t;), current density J(t;) and nonlinearity coefficient «(t;). 8). Output of results.

The described algorithm is implemented using the languages HTML 5, CSS 3,
JavaScript and the Canvas technology. The program uses Internet browsers as a
software environment.

The user performs scanning by click with the left mouse button at the selected
points in raster image. Point coordinates are read in pixels by the mouseup event, us-
ing the pageX and pageY properties of the event object of JavaScript. Program stores
the coordinates of the points in arrays of scanned data. Using Canvas technology
around the scanned point program draws circle with a radius of 10 pixels centered in
the scan point. Neighboring points are connected by a straight line. Scanning begins
from a voltage pulse. To facilitate the selection of a point on the current pulse oscil-
logram corresponding to a given voltage a vertical line is drawn from the scanned
point, crossing the line of the current pulse. Based on the arrays of scanning data
program calculates the values E(t;), J(t), the nonlinearity coefficient «(t;) and the
relative error of measurement J(t;). These data are displayed on the program web
page in hidden form fields. Since the selection of scanning points is carried out visu-
ally, to improve the accuracy of such selection program provides the ability to invert
the color of raster image.

Fig. 2 shows the view of program window after execution with inverted color of
the oscilogram raster image.
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Figure 2 - Program window after execution. Oscillograms of impulses:
1 - voltage; 2 — electric current. Measurements was executed for
a sample of zinc oxide based varistor ceramics

Program interface was created using the languages HTML 5 and CSS 3. It con-
tains explicit and hidden toolbox blocks designed to process a raster image at differ-
ent stages of algorithm. Explicit toolbox blocks are permanently displayed on a web
page. These include the coordinate navigator of the current cursor position in the
upper right corner of browser window (Fig. 2). To upload of raster images use the
"Image upload" block. This block contains a form field of file type, "Download" but-
ton and "Invert color" button. A form field of file type is used to select a file of raster
image and load it into the browser window using the FileReader and Image objects of
the JavaScript language. The "Download" button is needed to embed the image in
canvas. Using canvas makes it possible to display the scan results on the oscilogram
raster image by means of the Canvas technology and invert its color. At click on the
"Invert color" button, a script is executed that using the getImageData() and putl-
mageData() methods of the Canvas object, inverts the color of image built-in the
canvas.

The block with name "Block of processing” contains four buttons and area for
displaying hidden blocks. At click on the "Initial data" button, a block with form
fields for entering initial data L, S, R opens. Hidden are the scaling blocks, the blocks
for determining of the oscillogram zero lines coordinates and the block for calculat-
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ing the program output data. These blocks are opened at stages 4, 5 and 7 of the
processing algorithm. During scaling stage, the user sequentially loads the raster im-
ages of the calibration signals oscillograms to determine the scale of voltage M.y and
current M. After entering the calibration values in the form field of scaling blocks
and executing the scanning, the program calculates values of M.y and M.,.

After scanning the voltage pulse oscullogram, the user presses the "Scanning U
finished" button and begin scans the electric current pulse oscillogtam. The "Correc-
tion" button is used to correct the scan results. When this button pressed, the coor-
dinates of the last scanned point are removed from the coordinate’s arrays and the
display of this point in raster image is erased. The "Clear" button launches a script
for clearing arrays of scanned data, form fields with results and deleting the visual
results of scanning. This script does not change the values of program variables in-
tended for storing the initial data, scales and coordinates of the voltage and current
zero lines. Therefore, one can perform further measurements with loaded raster im-
age bypassing the first five stages of the processing algorithm.

Conclusions. Using the languages HTML, CSS, JavaScript and the Canvas tech-
nology a web application has been created for measuring in the region of high elec-
tric currents the nonlinearity coefficient of volt-ampere characteristic and its de-
pendence on voltage and current. The measurement is done by scanning the raster
images of the pulsed signals analog oscillograms.
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Ipozpamne 3a6e3neueHHs 01 6UMIPIOBAHHS KoediuicHmy HeniHiliHocmi 6onibm-
amnepHuUx xapakmepucmuk no pacmpoeomy 300paxceHHI0 OCYUN02Pamu
IIpu docnidxwenHi mamepianie 0 8apucmopis, wo 8UKOPUCMO8YIOMbC 0151 3aXu-
cmy 810 nepeHanpye 1aHY2ié elekmponepeday ma eJeKmpoHHUX NPUCMPOi68, 8aHIU-
8010 € IH(popMmayisi npo KoepiuieHm HeNiHIIHOCMI 80J1bMAMNEPHOT XAPAKMepPUuCmuKu 8
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obnacmi cunvHUx enekmpuuHux cmpymis. Taxy iHgpopmayiro ompumyrwms 3 0CYu102pam
IMNYNbCI8 Hanpyau i cmpymy.

Memoio daHoi pobomu € cmeopeHHss npozpamu, 0 8UMIPHBAHHS KoepiuieHmy
HeJHITIHOCMI 80JIbMAMNEPHOI Xapakmepucmuku 3a J0aHUMU CKAHYBAHHS pACMpPOBUX
300paxceHb AHANI0208UX OCYUI02PAM IMNYNbCHUX CUZHAJIB, 3APEeECMPOBAHUX NPU CUb-
Hux eJlekmpuuHux cmpymax. Kopucmyeau 8UKOHYE CKAHYBAHHS KAAYAHHAM Y 8UOPAHUX
moukax pacmposo2o 300paxceHts ocyunozpamu. Ilpoepama no3Hauae mouku CKaHy8aH-
Hsl Ma cMeopioe Macusu CKaAHo8aHux daHux Ha nidcmasi AKux po3paxosyrmsCsi MUmMme-
8i 3HAUEHHSI Hanpyau, cCmpymy ma xKoe@giuieHma HeiHiliHocmi 80/bmamnepHoi Xapakx-
mepucmuku. BiOHOCHa noxubka 8UMIipio8aHHs MUMMEBO20 CMPYyMYy He hepesuuye +2%.
YV npozpami nepedbaueHa moxusicmos Kopekuii pe3ynemamie ckaumysamHs. Ilpozpama
cmeopeHo 3 eukopucmavHuam moe HTML5, CSS3, JavaScript i mexHonozii Canvas.
Inmepnem 6pay3epu € npozpamHum cepedosuiliem 0ns ii BUKOPUCMAHHS.

Kntouosi cnosa: 6e6-3acmocyHoK, pacmpose 300paiceHHs, CKaHy8aHHs1, 8071bMam-
nepHa xapakmepucmuka, Koe@piyieHm HeniHiliHocmi.
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