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WEB APPLICATION FOR HIGH ACCURANCY MEASUREMENT OF VOLT-
AMPERE CHARACTERISTICS

Abstract. Web application is described that allows, by scanning digital images of analog oscil-
lograms of voltage and current pulses, to measure with high accuracy the volt-ampere character-
istics of semiconductor materials at high electric currents. The application allows measuring
voltage and current with a relative error that does not exceed +1%.
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Statement of the problem and purpose of research. When pulse tests of
semiconductors in the region of strong electric currents, it becomes necessary to
measure their volt-ampere characteristic (VAC). For this purpose, it is convenient to
use single exponential voltage pulses, which provide change of the voltage over a
certain range of values. This makes it possible to test a section of volt-ampere char-
acteristic in a certain current range [1]. As work [2] shows, it is possible to measure
with high accuracy the parameters of electrical signals using for this aim the digital
images of analog oscillograms obtained by a digital photo camera. It is known, that
unlike digital oscilloscopes analog oscilloscopes register oscillograms of electrical
signals directly, without performing preliminary digitization of signals using an ana-
log-to-digital converter. In the case of digital images of analog oscillograms, the dig-
itization of visual information is carried out using a digital photo camera. With a
high resolution of such camera, it is possible to ensure high accuracy in measuring
the parameters of digital image objects, according to the data of scanning their coor-
dinates, since the absolute scanning error is +1 pixel. The estimates carried out in [3]
showed that the relative error 8 for determining of the instantaneous voltage values
using the scan data of digital images of analog oscillograms is determined by
the ratio:
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where yy is the coordinate of the digital image of oscillogram corresponding to zero
voltage; y; is the y coordinate of the point of the digital image of oscillogram were
measurement takes place.

From expression (1) follows, that the relative measurement error of instanta-
neous voltage does not exceed +1% if the resolution of a digital photo camera pro-
vides the value [y, — yi| ~ 10°.

The purpose of this work is to create a web application by the means of lan-
guages HTML, CSS, JavaScript and the Canvas technology, which allows high-
precision measurements of volt-ampere characteristics by scanning digital images of
analog oscillograms of voltage and current pulses.

Major part. To measure the volt-ampere characteristic, one can use the oscil-
logram of voltage and current pulses, recorded using an analog storage double-beam
oscilloscope. In the case when such oscillogram is presented in the form of a digital
image, software is required to perform scanning and process the scan data.

Such software can be implemented on the basis of an algorithm consisting of
the following stages: 1). Loading a digital image of oscillogram into a browser win-
dow; 2). Input of the initial data: the thickness of measured sample L, the area of
electrodes S, resistance of the precision resistor R used to register the current; 3).
Determination of the scale of voltage M.y and current M, of a digital image of analog
oscillogram; 4). Determination of coordinates yov and yo; of the zero lines of the oscil-
logram for voltage and current pulses, respectively; 5). Scanning the coordinates (yiy,
X)), (Vir, X;) for the voltage and current pulses lines in the oscillogram; 6). Calculation
based on scanning data of instantaneous values of electric field strength E; and cur-
rent density J; according to the formulas [3]:

1
E; =z(McU(YOU = Yiv) =M R(yor — yir)), 2)
M
Ji :S_—CIIQ(J’OI_J’H)’ (3)

as well as measurement errors daccording to formula (1); 7). Results output.

The algorithm described above is implemented using the languages HTML 5,
CSS 3, JavaScript and the Canvas technology. The software environment for the pro-
gram executing is Internet browsers.

The program interface was created using HTML 5 and CSS 3. This interface con-
tains explicit and hidden blocks of toolbox serving for processing digital images, as
well as blocks of instructions to the user that open for different processing stages.
Explicit toolbox blocks are constantly displayed on the web page. Such blocks in-
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clude the coordinate navigator of the current position of the mouse cursor in the up-
per right corner of the browser window (Fig. 1). For control of this block the program
script is used that action at "mousemove" event. To upload digital images, a block
with the heading "Image upload" is used. This block contains a form field of the "file"
type and "Download" button (Fig. 1). Using a form field of the "file" type, user selects
a digital image file and uploads it to the browser window. This is provided by the
"change" event and a script with the "FileReader" object. The "Download" button is
needed to embed the image into the canvas. Using the canvas makes it possible to
visually display the scan results using vector graphics.

Block for the digital images processing under the heading "Block of processing”
contains four buttons and an area into which hidden blocks are displayed for differ-
ent stages of the processing algorithm. Pressing the button "Initial data" opens a
block with form fields for entering the initial data of program. The scanning of
pulsed signals on the digital image of oscillogram begins with a voltage pulse. After
its completion, user presses the "Scanning U finished" button and starts scanning the
electric current pulse. When scanning a voltage pulse, the program script draws a
circle with the center having the coordinates of scanning point using Canvas and
draws a vertical line of 1 pixel thick from its center. This line allows easily find the
points with the same coordinate x; when scanning a current pulse.

The "Correction" button is used to correct the scan results. When it’s pressed,
the coordinates of the last scanned point are deleted from the arrays for storage of
scan data and the visual image of this point is erased on the canvas.The button of
toolbox "Clear" is used to clear the arrays of scan data and fields of the forms for re-
sults output. It should be noted that the script executed when this button is pressed
do not change the values of the program variables intended for storing the initial
data, scales and coordinates of zero lines of voltage and current pulses. This makes it
possible to re-measure the volt-ampere characteristic using earlier loaded digital
image of analog oscillogram, bypassing the first four stages of the processing
algorithm.

The hidden blocks of the toolbox and the user instructions are opened by the
program scripts in accordance with the sequence of stages of the presented above
algorithm for processing digital images of oscillograms.

Fig. 1 shows the view of the program window after execution. As it is seen, the
error in measuring of the electric field strength E is less than + 1%, and the error in
measuring of the current density ] reaches this value and increases as the instanta-

neous current values approach to zero current line. The zero voltage and zero cur-
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rent lines in Fig. 1 are not visible because they are positioned below the bottom side

of browser window.
o i TS S .. .. - -

| 2504 4882 029 0.50
2575 4776 029 052
2555 452.7 0.29 0.55
2537 4333 0.29 0.58
2525 4159 030 0.60 |
2511 3884 0.30 0.83
2486 3822 030 065
2480 364.7 030 0.68 |

24684 351.0 0.30 0.71
2453 3361 031 0.74
2440 3211 0.3 078
2423 3048 031 0.82
2410 2905 0.31 0.86
2396 277.5 0.32 0.90
2386 266.2 032 094
2373 2569 032 097
2363 2457 032 1.02
2352 2363 032 1.08
2341 2257 0.32 110
2327 2161 033 1.16
2318 2064 032 1.21

Figure - Program window after execution. Oscillograms of impulses: 1 - voltage;
2 - electric current. Measurements for a zinc oxide varistor ceramics sample

Conclusions. Using the languages HTML, CSS, JavaScript and the Canvas tech-
nology, a web application has been created to measure with high accuracy the volt-
ampere characteristics of semiconductor materials by scanning the digital images of
analog oscillograms. The application allows providing measurements with a relative
error not exceeding +1%.
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Be6 0odamok 014 8UMIpIOBAHHSA 3 BUCOKOIO
MOoYHiCMI0 80IbMAMNEPHUX XAPAKmMepucmuK

OnucaHo npuknadHuli Be6-000amokK, KUl 003B0ISIE WAXOM CKAHYBAHHA Yuposux 30-
6paxkeHb AHANI0208UX OCYUI02PAM TMNYbCIB HANpPy2U 1 CMpyMy BUMIPOBAMU 3 BUCOKOK MOYHI-
cmio BosibmamnepHi xapakmepucmuku (BAX) HanisnposioHukosux mamepianig 8 061acmi cusb-
HUX efleKmpuyHUx cmpymis. L{ugposi 306paxxeHHs ompumyoms WASXoM pomozpagysaHHs oc-
yusozpam imMnyaeCis Hanpyeu 1 cmpymy 3 eKkpaHy 0BONpoMeHeBo20 aHA/I0208020 3d-
nam’amosy4020 ocyunozpaga npu O1i Ha 3pa3oKk 00CNIOKYBAHO20 Mamepiany NOOOUHOKO20
eKCNOHeHYIanbHo20 TMNYbCYy Hanpyau. Po32opmKa Hanpyau eKCnoHeHyiaabHuUM iMnyabcom 0ae
MOXUBICMb BUMIpAMU OinaHKY BAX 1 npu 3miHi amnaimyou imnysisbcy 3a6e3neyye BUMIPIOBAHHS
8 WUPOKOMY 01aNna30H1 eleKmpUYHUX CMpPyMis.

3asdsku sucokili po30inbHili 30amHocmi yugposoi pomokamepu i abcomnomHili noxubyi
CKaHyBaHHA 1 nikcesb, 3a6e3ne4yembCsa BUCOKA MOYHICMb BUMIPIOBAHHA MUMMEBUX 3HAYeHb
Hanpye i cmpymis 3 BIOHOCHOK NOXUbKoKW He binbwe +1 %. CKAHYBAHHA BI06YBAEMbCA WAXOM
KNQUAHHSA N11BOI0 KAasiwer muwi 8 06paHil moyyi yugposozo 306paxeHHs. lpu 06pobuyi yug-
posux 306paxeHb 3a6e3nedyembsCa Bi3yanizayis Moyok, 0e 6ys10 BUKOHAHO CKAHYBAHHS 1 MOX-
JIUBICMb KOPe2yBaHHA OQHUX CKAHYBAHHA.

lpoepama peanizosaxa 3acobamu mos HTML, CSS, JavaScript i mexHonoeii Canvas. [lpo-
epamHum cepedosulyem 0/ ii BUKOHAHHA € bpay3epu mepexi IHmepHem.

Beb6 npunoxeHue 014 usmepeHUs € 8bICOKOU MOYHOCMbIO
B0JIbMAMNEPHbIX XApAKMepUucmuK

OnucaHo npuknadHoe Beb-npunoxeHue, KOmopoe No3soJisiem nymem CKAHUPOBAHUSA Lug-
pOBbIX U306paXKeHUll aHAN0208bIX OCYUIIO2PAMM UMNYJ/ILCOB HANPAKEHUS U MOKa U3Mepam ¢
BbICOKOU MOYHOCMbIO BOJIbMAMNEPHYIO XAPAKMepuCmuKy noaynpoBoOHUKOBbIX Mamepuasnos 8
0bacmu cunbHbIX 31eKmpudeckux mokos. llpunoxeHue no3gosnsem obecnedums usmepeHue
HanNpsxeHus U MoKa ¢ omHocumesbHol owubKol, Komopas He npessiwiaem +1 %.

ViBoH Anekcanap MBanoBuu - mmpodeccop, a.¢.-M.H, npodeccop Kadempsr
3JIEKTPOHHBIX BBIUYMCAUTEIbHBIX MaIIMH JIHEIPOBCKOTO HAIMOHAJIbHOIO
yHuBepcutera uMeHu Osecs 'oHuapa.
HcrymkuH Banepmit demopoBuu - [AOIEHT, K.T.H., OOIEHT Kadempsl
9JIEKTPOHHBIX BBIUMCIUTEIbHBIX MaIIMH JIHEIPOBCKOrO HAIMOHAIbHOIO
yHuBepcureTa umenu Osecs F'oHuapa.

Ppioka IOpmit MwuxaijoBuM4 - acCUCTeHT KadeIpbl 3JIEKTPOHHBIX
BbIUMC/IUTENbHBIX MallH JIHeIpOBCKOTO HAIMOHAJbHOTO YHUBEpCUTETA
umenu Oiecs 'oHuapa.
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IBoH Onekcaunap IBanoBuu — npodecop, O.¢.-M.H, npodecop Kadenpu ene-
KTPOHHUX O0OUMCITIOBAJbHMUX MallMH [IHIITPOBCHKOTO HAlliOHAJIbHOT'O YHiBep-
cutety iMeHi Onecst ['oHuapa.

Ictymkin Banepiii @egopoBuy — OIEHT, K.T.H., JOLIeHT Kadeapu eleKTpo-
HHMX 00YMCTIOBAIbHMUX MAIIMH JIHIIIPOBCHKOr0 HAIliOHAJbHOIO YHiBEPCUTETY
imeHi Osiecst 'oHuapa.

Puoka IOpiit MuxaiyioBU4 — acUCTeHT Kadeapu eJIeKTPOHHUX OOUMCITIO-
BaJIbHMX MalllMH JIHIMPOBCHKOI'O HAlliOHAJILHOIO YHiBepcuTeTy imeHi Osecst
l'oHuapa.
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