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ABSTRACT

An improved method based on Matlab code for the simultaneous determi-
nation of thedifferent solar cells parametersfrom illumination current-volt-
age characteristics has been developed. These parameters are the ideality
factors, saturation current, photocurrent, the series and shunt resistance.
The validity of this method has been checked by comparing the results
obtained here from two pin organic solar cells based on low and wide gap
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structureswhich can strongly improve the performance of organic solar cell.
The method is very convenient to use and the reasonable agreement be-
tween experiment study and cal culation results confirms the model.
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INTRODUCTION

Organic semiconductors are heralded for their
simple processing and extraordinary chemical
customizability, and emerging low-cost and flexiblede-
vicesbased on these materia s are expected to revolu-
tionizetheroledectronicshavein our everyday livesy.
Organicthin-film solar cellsarethefocusof intensere-
search effortsowing to their potential applicationsin
low cost, colorful, and flexible ectric power sources.
Uptonow, severd materid sand devicestructureshave
been devel oped to obtain high power conversion effi-
ciency by using different structuresand architecture,
organic solar cell with low and wide-gap, bulk-
heterojunction organic thin-film solar cellsof semicon-
ducting polymersand p—i—n junction organic thin film
solar cellsfor small-molecular-weight material §2. Re-

cently, apower conversion efficiency of 1.9% hasbeen
shown by using amixed layer of phthal ocyaninezinc
(ZnPc) and thefullerene C60 as photoactive layert.
Extraction and optimization of solar cdlsdevicepa:
rametersisanimportant step in devicemodelling and
simulation. Extractionthe physica parametersof solar
cdl: seriesres stanceand idedity factor, saturation cur-
rent (1)), shunt resistance (R,)) and photocurrent (I ph) IS
of avita importancefor quaity control and evaluation
of the performance of solar cellswhen elaborated and
during their normal use on siteunder different condi-
tionstemperatureand illumination. Seriesand shunt re-
Sistancein solar cellsisparasitic parameters, which af-
fect theilluminated I-V characteristicsand efficiency of
otherwisegood cells. In organic solar cellsthe series
resstance R ismainly thesum of contact resstanceon
thefrond and back surfaces. So, it isvery necessary
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for solar cells, to obtain alow seriesresistance and to
be ableto determineit with accuracy becauseitisan
important parameter of fill factor and efficiency improve-
ment. Thediodeidedlity factor hasbeenintroduced for
ap-njunctionolar cdll after congderationof thephyscad
phenomenathat occursin diode. Severd theorieshave
been published to account for theintroduction of idedl -
ity factor.

In theliterature several methods have been sug-
gested for extracting solar cell parameters*® and ap-
pliedtodifferent solar cdlls. Priyank et d™ method gives
the value of series R_and shunt resistance R, using
illuminated |-V characteristicsin third an fourth quad-
rantsandtheV _-l_ characteristics of thecell. Inthe
work of Bashahu et al®, up to 22 methodsfor the de-
termination of solar cell idedlity factor (n), have been
presented, most of them usethe single |-V data set.
Jain and Kapoor!® present an accurate method using
the Lambert w-functionto study different parameters
of organic solar cells. Kaminski et d. used asmulated
|-V curve with one exponential model, considering the
seriesresistance to extract the solar cell parameters
under dark conditions. Here, Kaminski’s method!"2
hasbeen extended to cover the case of solar cellsun-
der illumination and used to extract the parameters of
interest using experimental 1-V characteristics of two
pin organic solar cellswith low and wide gape. The
method has been successfully applied to the measured
|-V data of organic pin solar cells under 100 mW/cm?

METHODANDANALYSIS

At agivenillumination, thecurrent-voltagerela-
tion for asolar cell isgiven by

=1 =1y —|
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| 1o N R and Gy (=1/R,) being the photocur-
rent, thediode saturation current, thediode quality fac-
tor, the series resistance and the shunt conductance,
respectively. | - isthe shunt current and f=q/kT is the
usual inversethermal voltage. The shunt resistanceis
considered Rsh=(1/G,) >>R..

The shunt conductance G isevaluated from the
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reversebiascharacteristicsby asmplelinear fit®. The
caculated vaueof G, givestheshunt current = G V.
Before extracting theideality factor and the seriesre-
sistance, Our measured |-V characteristics are cor-
rected cons dering theval ue of the shunt conductance
as obtained and for V+R |>>KT, the current voltage
rel aion becomes:

=1 1 {exp(%(v +IRS)H )
Whichisequivdent to:
In(l ph—l)=lnls+%(V+IRs) ©)

By taking apoint (V,, 1 ) of thel-V curve, wecan
writethefollowing relation:

In(l ph—lo)=lnls+%(V0+IoRs) (4)

By subtracting Eq. (3) and Eq. (4) and after asim-
plification weget alinear equation given by:

Y=%(F€S+X)Forl>>lS ©®)
1 (Iow = 1)
Where Y = l—loln(lph ) (6)
(V_Vo)
M =1,) @

Thelinear regression of equation (5) givesnand R
but wemustinitiadly ca culatethewhol e of theva ues of
X-Y asfollows: Weconsider aset of |-V datagiving
risetoaset of X-Y values, withi varyingfrom1toN.
Then, wecdculateX andY vauesforl =1 andI=l
up to I=l . This gives (N-1) pairs of X-Y data. We
start againwithl, =1, andl=1__uptol andget
(N-2) additional X-Y data, andsoon,uptol =1 ..

For mogt practicd illuminated solar cdlsweusudly
consider that | <<I o the photocurrent can begiven by
theapproximationl_~ 1, wherel_ istheshort-circuit
current. Thisapproximationishighly acceptableand it
introduces no significant errorsin subsequent calcula
tiong®.

Thesaturation current | waseval uated usngastan-
dard method based on the |-V data by plotting In(l o
|) versusV _equation (8). Notethat | -V _ datawere
the corrected current voltage |-V datatakinginto ac-
count the effect of the seriesresistancewherel-V are
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Full Poper =
the measured current-voltage data.

(i, —|C,)=|n(|s)+%vcr (8)

Whenweplotin(l) where(lczlph-lcr) versusV it
givesastraight linethat yields|_fromtheintercept with
they-axis.

RESULTSAND DISCUSSION

Our method isapplied onthetwo p-i-n solar cells
wherethe photoactivelayer isformed by amixture of
phtha ocyaninezinc (ZnPc) and thefullerene C,  (ZnPc:
CZnPc:C,, 1:1, 30 nm) either withwide-gap trans-
port layers (40nm n-doped C_ (molar ration of 1:100)
and 50 nm p-doped MeO-TPD (molar ration 1:25))
or withlow-gap transport layers (50 nm n-doped Me-
PTCDI and 200nm p-doped ZnPc)*¥, infact, thegoal
isextracting thefivephysica parameters(| R, Gy,
) to show the advantage of usingwidegap layer. The
experimentd current-voltage (I-V) dataweretaken from
B. Maennig et al™ for the two pin cells under 100
mW/cm?withlow and wide gap.

The shunt conductance G, =1/R, was cal cul ated
usingasmplelinear fit of thereversebiascharacteris-
tics. The photocurrent has been taken directly asthe
short circuit current according to the approximation

| v =|«| - Theseriesresistanceand theidedlity factor

were obtained from thelinear regression (5) using a
least square method. In order to test thequality of the
fit to theexperimenta data, the percentageerror isca-
culated asfollows:

ei:(li_li,cal)(loO/Ii) ©)
Wherel, _ isthecurrent calculated for each'V,, by
solving theimplicit Eq.(1) with the determined set of

TABLE 1: Extraction parameter sfor thedifferent solar cell
using our method

Wide-gap L ow-gap
Ga (O 1.45x 10 1.05x 103
Rs (Q) 0.003 0.024
n 3.989 3.429
I(A) 0.124 x 10° 0.051 x 10
lon(A) 6.1x 107 3.6x10°
FF (%) 45 47
n (%) 0.75 1.32

parameters(lph, n,R, Gy, 1). (I, V,) arerespectively
themeasured current and voltageat theith point among
N considered measured data points avoi ding the mea-
surementscloseto theopen-circuit condition wherethe
current isnot well-defined™.

Statistical anadysisof theresultshasa so been per-
formed. Theroot mean squareerror (RM SE), themean
biaserror (MBE) and the mean absolute error (MAE)
arethefundamenta measuresof accuracy. Thus, RM SE,
MBE and MAE aregiven by:

1/2

RMSE = (Y |l /N
MBE =) e /N
MAE = >"le| /N

(10)

N isthe number of measurementsdatataken into
account.

Theextracted parametersobtained usng themethod
proposed herefor the pin organic solar cell with low
and widegap aregivenin TABLE 1. The statistical
indicators for the method of thiswork are shownin
TABLE 2. Figures 1 and 2 show theplot of I-V experi-
mental characteristicsand thefitted curvesderived from
eq(1) with the parametersshownin TABLE 1. Good
agreement isobserved for thedifferent structure, espe-
cidly for thewide-gap pinsolar cellswith satistica er-
ror less than 2%-1% for wide and low-gap respec-
tively, which attribute mainly to lower parasitic losses.
For the wide-gap we can observe alow seriesresis-
tance of 0.003Q2 compared to 0.024Q for low gap.
For the wide-gap cell, we observe a nearly doubled
short-circuit current 6.1mA/cm? compared to the low-
gap cdl 3.7mA/cn?, whichismainly attributed to lower
parasitic absorption losses. The others corresponding
values of thewide-gap open circuit voltage 0.46 V, fill
factor 47% and power efficiency 1.32%, the param-
etersof thelow-gap areavoltageof 0.45V, afill factor
of 45% and apower efficiency of 0.75%.

Theinteresting point with the procedure described
hereinisthefact that weare successfully applyingit for

TABLE 2: Satigtical indicator sof accuracy for themethod of
thiswork.

RMSE (%) MBE (%) MAE (%)
Wide-gap 1.3104 -0.0308 0.7157
Low-gap 0.9902 0.0568 0.5353
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Figurel: Experimental (%) dataand fitted curve(—) for wide-
gap solar cell with 30nm activelayer
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Figure?2: Experimental (=) dataand fitted curve(—) for low-
gap solar cell with 30 nm activelayer.

experimenta |-V characteristics of different architec-
tureof pinorganic solar cellswith completely different
physica characterigtics. Theresultsobtained areingood
agreement with those published™®, where, weimprove
theadvantage of: firstly, theuse of mixed layer of ZnPc
and C,, as photoactive layer reached the power effi-
ciency of 1.32% for wide-gap comparedto 0.75% for
lower gap under 100mW/cm?1%, Secondly, the benefit
of using doped wide-gap materialsisthefreedomto
optimizethecdlsintermsof thin-film, wherenolight is
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lost by absorption onitsway to theactivelayer; also
thelight reflected at the back contact can efficiently be
used. Theprocedure described herein not hasany limi-
tation condition onthevoltageanditisrdiable, straight-
forward, easy to use and successful for different types
of solar cells.

CONCLUSION

In thiscontribution, asimple method for extract-
ing the solar cell parametersbased on measured cur-
rent—voltage data is considered. The method has been
successfully applied to p-i-n organic solar cellswith
low and wide-gap under different condition. The
method isvery ssmpleto use and presentsthe advan-
tage of being independent of the voltage step. A theo-
retical expression givenin Eq.(5) hasbeen employed
to determinethe seriesresistance and ideality factors
valuesof organic pin solar cdlsusing theilluminated
I-V characteristics. the method require the value of
photocurrent (I ph) and shunt resistance (R,) which can
be easily obtained from |-V characteristicwithsmple
linear fit, finaly we estimate the saturation current from
[-V curveusing astandard method. Good agreement
IS obtained between measured and simulated |-V
characteristic. The reasonabl eagreement between the
obtained results and experiment study confirmsthe
moddl.
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