1 (96) 2015 “System technologies*

UDC 004.92+519.674
A.L Ivon, V.F. Istushkin, R.I. Lavrov
THE COMPUTER DATA PROCESSING AT DETERMINING OF THE
GRAIN’S RESISTIVITY IN VARISTOR MATERIALS

Abstract. Procedure of the data processing by means of Microsoft Office Excel
program was developed for the oscillographic method of determining the grain’s
resistivity pg in varistor materials. The templates for Microsoft Excel to compute
pg and the superheat temperature of varistor sample on a base of data obtained at

scanning of the bitmaps of oscillograms were created.

Introduction. The electric resistivity of grains in varistor’s ceramics p, is an
important parameter in determining the performance of varistors [1]. The oscilloscope
method for determining of p,, using exponential voltage pulse, was proposed in [2].
Since the method is based on the concept of differential resistance, its correct
implementation requires high-precision determination of the voltage values from the
oscillograms. Previously, it was shown [3] that at scanning of raster analog
oscillograms by means of graphical editor Adobe Photoshop or specially developed for
this purpose the program, one can ensure the accuracy of voltage determining with a
relative error does not exceed = 1,5%. When determining the electrical resistivity of
the grains in varistor ceramics substantial amount of data obtained by scanning of
oscillograms, time consuming to process them. Greatly simplify the processing of data
and reduce the time allows the program to work with spreadsheets, Microsoft Office
Excel.

Problem definition. The aim of this work is to develop a technique for
processing data in Microsoft Excel at determining the grain resistivity in varistor
ceramics and to create the templates for this technique.

Major part. The method proposed in [2], is based on the dependence of the
differential resistance pg; of varistor ceramics on the current density J, which is
described by the expression:

Pay =pe+ AT, (1)
were A* is th constant value.

According the equation (1) a linear relationship between the differential
resistivity of the varistor ceramic pg, and the reciprocal current density J' takes place.

Therefore, if to build the dependence
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pur = AJY) using a plot of current-voltage characteristics (CVC) and linearly
extrapolating this dependence to the J' = 0, we can find the resistivity of grain Pg.
To get a plot of current-voltage characteristics for sample of varistor at high
currents, method uses a single voltage pulse of exponential form
U(?) = Upexp(-t/7), (2)

were U, — pulse amplitude, ¢ — time, 7— time constant.

U. 1 In Fig. 1 schematically shows the oscillograms of
]
voltage and current, recorded by means of a two-beam
storage oscilloscope. Current oscillogram was recorded
\ HanpsxeHne . .
U : as the voltage drop across a precision resistor (Ry = 1
u; \ . Ohm) connected in series with the sample. Oscillograms
; in Fig. 1 represent in a parametric form the current-
=1 ! : : voltage characteristic of varistor sample where the time
|; ] L7 t is parameter. To determine of the grain resistivity it
need to use the plots of oscillograms lying in the time
tmintitita Tmax interval

Figure 1 — Schematic images of byin <<ty

oscillograms These plots are necessary for building of the

dependence (1). Plots divided into equal intervals At = t, — t;, corresponds to the time

t; = (t, + t1)/2. For points of time ¢ the values of current /; and differential resistance
R, can be found using the formulas:

I;=(l1+h)/2, 3)

Rur= (U, = U)/I(I) - Ip). 4)

Basing on the values of area S and the thickness L are known for a sample, the
values Ry and Ii lead to specific values pyr and J, is plotted (1) and by linear
extrapolation to the J' = 0 is determined the value of p,.

The digital camera was used for creation of bitmaps of analog oscillograms. The
thus obtained image files allow obtaining necessary information using the Adobe
Photoshop program or by the special program to scan of raster images [3].

The scanning results are the coordinates of points on bitmap of oscillograms,
which allow finding the voltage at these points using a scale voltage [3]. The error in
this case not exceed + 1,5%. The array of coordinate values in pixels is recorded at
scanning of oscillograms (horizontal coordinate - time ¢, vertical - voltage U; and
current /;). This array can be processed by means of Microsoft Excel for plotting the

dependence pyr =dE/dJ =(dU/dI)(S/L) on the inverse current density
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J'. In this case it is convenient to use the pre-built templates in Microsoft Excel.

Example of such template is shown in Fig. 2.
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Figure 2 — Template of Microsoft Excel for the processing of data obtained after

scanning raster images of voltage and current oscillograms

Array of scanned data for inputing into the template is represented as a two-
dimensional array of 10 rows and 6 columns. Array of scanned data for input to
template represents as a two-dimensional array of 10 rows and 6 columns. In Fig. 2 the
columns of this matrix are denoted as ¢, I,, Uy, t,, I, U,. The template columns J, 1/J,
dE/dJ, Ry, Ry, betta use formulas to ensure calculation of J, 1/, pyr = dE/dJ,
dynamic and static resistance Ry, = (U, — U,)/(I, — 1), Ry, = (U, + U,)/(I, + 1) and the
nonlinearity coefficient of varistor
betta = Ry /| Rgy. According the template columns 1/J, dE/dJ we can built the
dependence (1) in Microsoft Excel. The option "Add trend line" is used for the
construction of this dependence. It provides carrying out a straight line through the
data points by the method of least squares. This line needs to perform linear

extrapolation in determining the value of p,.
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The window of Microsoft Excel after plotting the dependence (1) is shown in
Fig. 3. If to select on a straight line two points with coordinates piq 1/J, and prup
1/J>, one can perform the calculation of p, by the formula:

pci _p dij
- 1dif 2dif ) (5)
1/J, —1/J,

Py = Pray —11

This formula for the template shown in Fig. 3 is used in the cell, which is
preceded by the words "PacueT yaenpbHOro 3J€KTPUYECKOTO0 COMPOTUBIICHHS 3epHA".
After substituting in the formula of the above coordinates, Microsoft Excel provides
input the grain resistivity p, into this cell of template.

In this paper the scanning of raster images of oscillograms for getting the original
dataset was performed with a step 25 pixels along the time axis (interval 3 us). For
calculation of differential resistance AU/AI = (U, — U,)/(I; — ;) the points of voltage
and current, spaced at an interval of 75 pixels along the time axis were used.

The pulse is used for measurement causes heating of the varistor’s sample. The
overheating temperature A7 at any time t can be found from bitmaps of voltage and
current oscillograms. Their scanning, from the time of the pulse with a given time step
At = t; — t;;; allows to obtain the arrays of voltage U(t;), U(¢:1) and of current 1(¢,),
1(t;+1). These arrays allow us to calculate the overheating temperature of the sample,
taking into account that for the duration of the short pulse (7 no more than 350 us), the
heat do not dissipate, ie all power generated by electric current goes to heating the

sample.
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Figure 3 — Template of Microsoft Excel for plotting the dependence
Pair =S 1. Building performed on the data presented in Fig. 2

If the instantaneous current and voltage have the values I (t) and U (t), then for an
infinitesimal time interval dt in the sample has dissipated the energy dW (t) = U (t) I
(t) dt, which increases its temperature on

Uwl(ydr

dAT@) = ,
© c;d, SL

(6)

were ¢, U d,, are specific heat capacity and density of the varistor’s ceramics.
If the equation (6) to integrate by time then one can be found the superheat
temperature of the sample A7(¢) at time moment ¢:

1 t
AT() =—— j U@t . (7)

cT m
Integral in the equation (7) is calculated by trapezium method using arrays of
voltage U(t,), U(t;+) and of current I(t;), I(¢;+1). Estimated relationship for the superheat

temperature A7 at time t in this case has a view:
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1 N
AT(O = m;ﬂ]ﬂm)[(tm) W(ti)l(ti))(tnl _ti)’ (8)

were N = t/At, At = t;1| — t; =const.

For getting the arrays U(t,), U(t11), I(t;), I(t;+1), the scanning with a step 25 pixels
was performed. Processing was carried out in Microsoft Excel using the menu option
“sum” Y. for calculating the sum in expression (8).

Arrays of the scanning data in pixel for the time, current and voltage are inputed
into the columns of template ¢, I; and U,. In the template columns ¢, P;, dT; apply
formulas that by scale and array elements #;, /; and U; calculate the instantaneous value
of the time #;, power P; = U(t)I(¢;) and the change of temperature d7; = (U(t,)I(¢;)+
Ut )I(ti)) i — 8)/ (2 ¢, d,SL).

To calculate the superheat temperature of the sample AT{(z,) at time ¢, the
column of template d7; subgroup is copied up a time ¢.,. To this subgroup is used
menu option “sum” 2. Performed the summation of the increments of temperature,
which gives the desired value A7(#:+). In Fig. 4 the maximum overheating temperature
of varistor’s sample in the measurement of p, is obtained by summation of all values
in a column d7;. This temperature one can be seen after a line of text " MakcumanbHas
TeMrepaTrypa neperpena =".

If copying the different subgroups of values in the array dT; and applying to them
the option “sum” Y, we can construct a time dependence of the overheating
temperature begin from the time activity of the voltage pulse. In Fig. 5b such
dependence is shown for varistor CH2-1.

As can be seen (Fig. 5b) the temperature AT changes most strongly in the interval
of time close to begining of the pulse voltage (the reference time t = 0). Over time, the
rate of AT change decreases and superheat temperature reaches a constant value
corresponding to the maximum overheating temperature of varistor’s sample under the

influence of the voltage pulse.
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Figure 4 — Template for calculating of the superheat temperature of the varistor’s
sample
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Figure 5 — The bitmap image of oscillograms - a (1 - voltage, 2 - current) and built using it the
dependence of superheat temperature from time for varistor CH2-1 -b. Scale: time — 0.1163
us/pixel; voltage — 0.1395 V/pixel; current — 0.0034 A/pixel. Geometry of a sample: L =0.78
mm, S = 0.0231 cm”. The time constant of the exponential pulse voltage 7= 340 zs.
Ambient temperature 297 K.

Conclusion. Create the templates for program Microsoft Office Excel, to
simplify and expedite the processing of the data obtained by means of scanning the
bitmap images of oscillograms of analog oscilloscopes. Templates are designed for use
in oscillographic method of determining the specific electrical resistivity of grains in
varistor materials. The possibility of determining superheat temperature of varistor’s
sample under the influence of voltage pulse by means of oscillograms was shown. The

template of Microsoft Excel to calculate the superheat temperature was developed.
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