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Dark and under illumination electric PV parameters of
modified solar cells

The paper presents and compares the top electapadogly influence of PV poly-Si samples on parasélements
described by simple one-diode model. The resulsotzr cell samples measured at the dark and ulhdeination conditions
were acquired. The measurements at the dark conslitiere focused to calculation of the seriestasie and its behavior at
temperature range from 25°C to 75°C. The outputipaters were calculated from |-V characteristicaasneed under
AM1,5G illumination and compared.
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I. INTRODUCTION obtained with finite accuracy by investigation ok lcurve. The
Polycrystalline semiconductors consist of small pwgstalline results can provide the information about compaéke series and

areas. It is caused by cooling process and congitimainly the rate parallel resistance or diode currents. Also measeng at illumination
of cooling) which are crucial for the dimensiondasrientation of finally leads to the output determination of PVieglmodule [5].
areas called grains. The grains are randomly ekt each other and STATIC (DC) MEASUREMENT

connected by boundary between two or more neiggizns [1]. An ideal diode is described by Shockley relationsthwithout

The boundaries between grains may have differenpepties. If ,resence of parasitic elements. But parameters alf dinde are
they consist of amount of defects, then boundagesesent places jfiyenced just by the parasitic elements. I-V @uof PV cell in the
with considerably disturbed lattice. This circunm&ta can lead to the dark (under illumination too) is influenced by saviresistance Jand

change of its character of conductivity (e.g. frdomor to acceptor if parajlel (shunt) resistance-Rl). Parallel resistancesRiominates in
the grains are the N-type) and also the impuritiey precipitate to |5, voltage area of I-V characteristic (and in the regearea). The R

the grain boundaries during crystallization process bulk. gominates in the high voltage area which is repriestas deviation
Furthermore, grain boundaries may behave as afessiar type but o Jinear part of 1-V curve dominated by diffusigrocess if the
with different resistance or as areas of diffetgpes or even may be

insulating [2, 3].

The presence of active defects and discontinuondsoontribute
to the recombination of minority carriers at gréiaundaries which I=lp+k = Is[ex;{
tend to behave as a potential barrier. The PV devi@sed on poly-Si
materials as well as other semiconductor devicakedty depend on
the properties of the grain boundaries wherebyéisavior has great
influence on life time and diffusion length [3]. wer conversion
efficiency of poly-Si compared to the mono-Si PWiés ascribed to
the presence of these boundaries between grainsleViRv cell is so
separated to the sub-cells with a resulting dispersf characterized
parameters [4].

Technology of commercial available PV cells useglassical
topology of top electrode, so called “H-patternigiBa). Within the
design of top electrode is necessary to take intount the maximal
collection of electrons with appropriate arrangetmeh conductive
wires nevertheless with considering minimal shadihgell’s emitter
(commonly about 5% of whole plane). Standard distametween two
conductive wires connected to the bus is about 3 wittm 150-200
um of width.

In this paper the main focus is devoted to the {8lgamples with
alternative pattern of top electrode which to aagextent follows the Measurements were focused on investigation of sasnpith the
grain boundaries and its influence on parasitimel&s in comparison non-standard pattern of top electrode to avoidinfiaences between
with the classic pattern. grains which are shown in fig.2 b).

TheKeithley 5A Source Meter, Model 2440 was used to measure |-
V characteristics at defined temperature in thekdand under
illumination. We would like to remark that the potystalline PV

The DC electric measurements are commonly usedéoptirpose samples are without anti-reflection layer, becahsy were prepared
of characterization the behavior of solar cells #meir properties in only for investigative purpose. The lack of anfieetion coating
the dark and under illumination. The circuit equéve elements are
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curve is plotted in logarithmic scale [5].

q(V+|RS)_1j]+V+IRS (1)
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Figure 1.0ne-diode model of PV cell.

The fit of a linear function (diffusion linear a)da required for the
calculation of R. The voltage value assignment to the linear function
(Vg) and the voltage value read from I-V cur¥§ at the same current
introduces the “decrease” due tg ®hich defines as follows [3]:

AV, =V, (1)-V (1) = IR (2)

lll. EXPERIMENT

IIl. ELECTRIC MEASUREMENT OF PHOTOVOLTAIC
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significantly decreases the output PV parametehs. dimensions of The R; as the dynamic quantity, depends from rate of carogé PV

all samples are 100 x 100 mm.

a)
Figure 2. Top electrode topologies: a) standandith) wires which follows the
grain boundaries.

IV. RESULTS AND DISCUSIONS

For evaluation of DC parameters the |-V curves ia dark were
carried out at the temperature range from 25°C f&€75ig.4 shows
the I-V curves of poly-Si samples at low voltagedick are

influenced by the recombination currents in bouietarOne can see
the influence of recombination processes at samitsnon-standard

top electrode which occurs around the grain bouesarThe
consequence is reduced conversion quantum effizienc
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Figure 3. The comparison of |-V characteristicinekstigated samples with
standard (blue line) and non-standard patternlimedi at the room
temperature (25°C).

The characterization of series resistangeaRd its temperature
dependence were carried out by relation (2). IndFilge increasing K
with rising temperature is shown. The dispersionRafby rising
temperature is clearly visible in case of non-sémddsamples. For
samples with strandard pattern are the valuesgdiigher by larger
plane of top electrode which is contributing to dihg the emitter.

The R; may also be lower probably by reduced currentgpatbng the
grain boundaries.
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Figure 4. The series resistance dependence of tatopein the range from
25°C to 75°C.
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cell as one can see from DC measurement resultsrieskin Fig. 4.

Fig. 5 shows the dependence where the differenteeka both
investigated types of sample is visible. The ifluence of non-
standard samples is visibly smaller at lower curkatues compared
to the standard ones. But with increasing curreatRbtend to has
adrupt logarithmic increase with reaching the higlaues.
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Figure 5. The dependence of flom current in the dark at room temperature.

In fig. 6, I-V curves illuminated byAir mass 1.5, global radiation
(AM 1.5G) using solar simulator Oriel (Xe 1000 W, 250-1100)nhm
class AAA, are shown. Five basic output paramdikesopen circuit
voltage (W), short current go), fill factor (FF), maximal output
power (R) and conversion efficiencyn) were obtained. The
influence of R and R on the shape of I-V curve, both those in the
dark and under illumination is commonly known. Beffects lead to
decrease of fill factor. Ris caused by recombination currents and its
contribution to the overall diode current (low \ages area) while R
results mainly due to pure conductivity of conduetpaths (electrode
fingers, busbars, interconnections and others).
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Figure 6. I-V curves of each sample at illumingbgcAM1.5G.
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The influence of series resistance dduses an decreaes of output
current due to voltage drop ory Resistor. In high voltage area finally
contribute to the overall diode current too (higlitages area).

TABLE |
Output parameters
I [ | PraxWI FF
1,8464 | 0,6733 |0,6721
1,89185 | 0,6216 | 0,6057
1,86625 | 0,6474 |0,6394
1,9547 | 0,693008 | 0,6535
1,908 |0,712589 | 0,6884
1,8963 | 0,707997 | 0,6882

Uoc[V]
0,5425
0,5425
0,5425
0,5425
0,5425
0,5425

ni%]
6,732605
6,216074
6,473513
6,9301
7,1259
7,0800
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The comparable disspersion af Ivalues of samples with non- ACKNOWLEDGMENT
standard top electrode compared to standard onésilde. Table 1
shows all mentioned investigated parameters andnmadwalues are
marked, as shown [V2 {i=1,95 A); V6 (FF=0,6884; R=0,713
W/dn?; 1=7,126 %)].
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Figure 7. Temperature dependence in the dark allpbfshunt) resistancesR
in the temperature range from 25°C to 75°C.

= k-3
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In the case of parallel resistorp Ralculation is possible to \A.(F I"\X RS
I . * *

determine it by ratio of voltageAU) and current A1) alteration in m & nAs« *
conformity with Ohms law from the reverse directioh |-V curve ﬂé’:ﬁﬁi’&%&“& X gt oy =1 it
which is the case of investigated samples. Thdtrasquired by this < %1 S P°gE;J?:;Jjj':jpgsu‘;;jgf;vfx‘Zyonzjjf(';;jggu/ Eurépska unia
determination is shown in Fig.7. The temperatufiégmce seems to

be very low increasing with rising temperature @&nwhn be neglected

but in general the values ofRre too small. One would expect values
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For better understanding of the grain boundary tielyafurther

investigation of the physics is necessary with gisither methods like

impedance spectroscopy which shows the respons&efrequency

spectra of the cells.
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