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Abstract 

 

This project is an extension of a pre-existing simulation program (‘Simulation_2dioden’). 

This simulation program was first developed in Konarka Technologies. The main purpose of 

the project ‘Simulation_2dioden’ is to calibrate the values of different parameters like, 

Shunt resistance, Series resistance, Ideality factor, Diode current, epsilon, tau, contact 

probability, AbsCT, intensity, etc; This is one of the curve fitting procedure’s. This calibration 

is done by using different equations. Diode equation is one of the main equation’s used in 

calculating different currents and voltages, from the values generated by diode equation all 

the other parameters are calculated.   

The reason for designing this simulation_2dioden is to calculate the values of different 

parameters of a device and the researcher would know which parameter effects more in the 

device efficiency, accordingly they change the composition of the materials used in the 

device to acquire a better efficiency. The platform used to design this project is ‘Microsoft 

Excel’, and the tool used to design the program is ‘Visual basics’. The program could be 

otherwise called as a ‘Virtual Solar cell’. The whole Virtual Solar cell is programmed in a 

single excel sheet. 

An Automated working solution is suggested which could save a lot of time for the 

researchers, which is the main aim of this project. To calibrate the parameter values, one 

has to load the J-V characteristics and simulate the program by just clicking one button. And 

the parameters extracted by using this automated simulation are Parallel resistance, Series 

resistance, Diode ideality, Saturation current, Contact properties, and Charge carrier 

mobility.  

 

Finally, a basic working solution has been initiated by automating the simulation program 

for calibrating the parameter values. 
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                1 

 INTRODUCTION  

 

1.1 General Description 

    The basic principle of a Solar cell is to convert the absorbed photons to electrons and 

holes, which have to be harvested so that this current should flow in an external circuit. 

    Charges are produced when the photons are absorbed and an electron is excited to the 

higher energy level. An absorption material (active layer) is sandwiched between two 

electrodes with different work functions producing an internal field. And one of these 

electrodes has to be transparent such that the light is allowed into the device (ITO is the 

transparent electrode in the figure 1.1), so that this arrangement should thus be able to 

produce and extract change from incident light. 

The following is the general schematic of an Organic Photovoltaic Solar cell,                        

                             

                                                      Figure 1.1 
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1.1.1 Absorption and Charge Transfer 

Electron-hole pairs that are linked by electromagnetic forces are to be separated. This 

separation is achieved by two layers, one that readily emits electrons (a donor) and another 

that readily receives them (an acceptor). 

The photon (hv) absorbed excites the electron in a molecule to the higher energy level, 

which results in the generation of an exciton. This exciton has to be disassociated in order to 

separate the charges by applying a potential difference. The electron tends to diffuse 

towards the lower energy levels and the hole to the higher energy levels. As a result the 

electron from the disassociated exciton diffuses towards the electrode (Al) and the hole 

diffuses towards another electrode (ITO), where the charges are collected and could be 

flowed in an external circuit refer [7].  

 

 

                                                                  

Figure 1.2 
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Equivalent Circuit: 

 

 

                                                       Figure 1.3 

The above is an equivalent circuit of a basic Solar cell. The circuit could be explained easily 

by using the general diode equation, 

lightRDioDev IIII
p

−+=
 

The device current is calculated by summing up the diode current )( DI  and the current 

)( PI  flowing in the line of the parallel resistance, which is subtracted from the light 

current. This diode equation can be extracted as follows,  

  

light
p

snkT

IRVq

Dev I
R

IRV
eII

s

−
−

+−=
−

)1(
)(

0  

The further effects and applications of this equation in the simulation program is explained 

later in the chapter 1.3. 
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1.2 Previous work 

This thesis is an extension of the project ‘Simulation_2dioden’ done at in Konarka 

Technologies. The main purpose of the project ‘Simulation_2dioden’ is to calibrate the 

values of different parameters like, Shunt resistance, Series resistance, diode Ideality, Diode 

current, saturation current, charge carrier mobility, epsilon, tau, contact properties, AbsCT, 

intensity, etc; This is one of the curve fitting procedure’s. This calibration is done by using 

different equations. Diode equation is one of the main equation’s used in calculating 

different currents and voltages, from the values generated by diode equation, all the other 

parameters are calculated 
[2]

.   

The reason of designing this simulation_2dioden is to calculate the values of different 

parameters of a device and the researcher would know which parameter effects more in the 

device efficiency, accordingly they change the composition of the materials used in the 

device to acquire a better efficiency.  

The platform used to design this project is ‘Microsoft Excel’, and the tool used to design the 

program is ‘Visual basics’. The program could be otherwise called as a ‘Virtual Solar cell’. The 

whole Virtual Solar cell is programmed in a single excel sheet, as shown in the Figure 1.1 

 

Figure 1.1 



Page | 17  

 

1.2.1 Working of the Excel sheet: 

This excel sheet has a graphical representation, which is a logarithmic graph that represents 

the JV characteristics of the Virtual Solar Cell as shown in the Figure 1.2 

 

 

Figure 1.2 

 

As can been seen in the Figure 1.2, there are two curves drawn in the graph. One is the blue 

coloured one, which represents the voltage-current in luminescence (Solar cell tested under 

light). And the other is the red coloured one, which represents the voltage-current in dark 

(Solar cell tested without any light). These two curves are called as simulation curves. The 

current in a Solar cell is drawn by varying the applied voltage from -2v to +2v. The range -2v 

to +2v of applied voltage is chosen, as most of the devices in the company are tested within 

this range.  
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                    Buttons                                       Figure 1.3 

These curves can be controlled by varying the values of the parameters (coloured) listed to 

the right of the excel sheet, as shown in the Figure 1.3. The cursor is pointed on the unit of 

the respected parameter and the buttons has to be clicked in order to move the curves in 

the vertical and horizontal directions. There are four buttons which are to be seen in the 

Figure 1.3. There are four buttons in the sheet which when clicked would change the values 

of the parameters. The two buttons that look bigger in size shifts large values of a 

parameter, where as the other two smaller ones shifts smaller values of a parameter. A 

visual basic program is written to change the values of a parameter when a button is clicked. 

Accordingly, there would be a change seen in the curve when a button is clicked. 

Each parameter listed in the Figure 1.3 shows an effect on the dark and luminescence curves 

in different quadrants, accordingly the curves are adjusted. From this simulation program 

we can guess different parameter values from the curves shape. Most of the parameters 

listed are more or less dependent on each other.  
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1.2.2 Calibration of a Solar Cell: 

Initially, the current-voltage values drawn from a Solar cell in dark and luminescence has to 

be plotted on the same logarithmic graph of the ‘simulation_2dioden’ sheet as shown in the 

Figure 1.4.  

 

Figure 1.4 

The green coloured curve represents the device measurement recorded in luminescence 

and the black coloured curve represents the device measurement recorded in the dark, 

these curves are called as measured curves. After plotting the device measurements, the 

curve has to be fitted to know all the parameter values of that device. Pointing the unit of a 

parameter and by using the up and down buttons in the sheet, the simulation curves can be 

moved in order to fit the curve i.e. the simulation curves has to be overlapped on the 

measured curves as shown in the Figure 1.5.  
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Figure 1.5 

This overlapping would equalize the parameter values of the simulation curves to the 

measured curves, i.e. all the parameter values of the simulation curves are equal to the 

parameter values of the measured curves. In the same way, any device parameter values 

could be calculated by using this simulation program. 

But, the whole simulation process includes a lot of manual work (clicking the buttons in 

order to fit the curve). To eliminate this manual process, a new automated program has 

been suggested. This program has to be designed in such a way that it could adjust the 

curve automatically and pop up all the required parameter values.  

The current work “Automated Simulation of Organic Solar cells” is an extension of the 

project “Simulation_2dioden”, which has been designed at in Konarka Technologies. The 

main aim of this new work is to design a ‘one button click’ solution for this simulation 

procedure, which could avoid the manual curve fitting process.  
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1.3 Diode Equation 

 0=−−+
pRDiolightDev IIII                                     ---------- 1 

Equivalent Circuit: 

 

 

lightRDioDev IIII
p

−+=                                              ---------- 2 

light
p

snkT

IRVq

Dev I
R

IRV
eII

s

−
−

+−=
−

)1(
)(

0                   ---------- 3 

1.3.1 Effect in the quadrants 

Case 1: (V<0) 

   When the applied voltage (V) is less than zero, the effect is mainly to be seen in the 2
nd

 

and 3
rd

 quadrants as the applied voltage is negative. Then the diode equation can be written 

as, 

p

s
lightoDev R

IRV
III

−
+−−=                                       ---------- 4 

   The exponential part from the equation 3, can be neglected as V<0. When V is negative, 

the exponential power becomes negative. This makes the exponential function a very small 

value, which can be neglected. This finally becomes 0I− . 
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Dark:  

   In the dark region lightI  can be neglected, so the equation becomes  

p

s
Dev R

IRV
II

−
+−= 0                                                       ---------- 5 

Here, DevI  is always negative. So, it tends always to be in the 3
rd

 quadrant. Here the 

saturation current 0I  is a contact. And the other term is highly dependent on pR (Row-

dark). So, the change in 3
rd

 quadrant is effected by pR  and the material constant rε . 

Light: 

    As the term lightI  is present in the equation 3, we see change in the 2
nd

 quadrant because 

of the intensity of the light and ‘AbsCT’. 

 

Case 2: (V>0) 

    When the applied voltage (V) is greater than zero, the effect is mainly to be seen in the 1
st

 

and 4
th

 quadrants as the applied voltage is negative. Then the diode equation can be written 

as, 

p

s
light

nkT

IRVq

Dev R

IRV
IeII

s −
+−−=

−

)1(
)(

0                         ---------- 6 

Dark: 

    As V is positive, there is an effect on the curve from the exponential term. As and then 

there is a change in the Ideality factor ( n ), it results in an effect in 4
th

 quadrant is also 

effected by changes in the saturation current 0I  and its respective voltage.  

Light: 

    In the light region, Row-dark ( pR ) is very low which can be almost neglected. So, a change 

in the Series Resistance ( sR ) shows an effect in the first quadrant.  
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2 

PARAMETERS 

The main aim of the project is to extract the dependent parameters, Parallel Resistance, 

Series Resistance, Ideality-Factor, Contact Probability and I-diode  and the independent 

parameters required to define these are, Rho-dark, Epsilon_r, V_hs, J0_hs, Ideality, r_wire, 

Intensity, Contact Probability, AbsCT, tau and Del_rwire.  

2.1 General Parameters  

2.1.1 Rho-dark (Rp-dark): 

     This is the parallel-resistance (shunt resistance) of the dark region. This parameter 

effects majority of the 3
rd

 quadrant (the dark curve). 

2.1.2 Epsilon_r: 

     This is the material constant. This parameter effects majority of the 3
rd

 quadrant (the 

dark curve). 

2.1.3 V_hs: 

    This voltage is approximately half of the built-in-voltage. V_hs = Vbi/2. 

2.1.4 J0_hs: 

    This is the current density of the measurement. 

2.1.5 Ideality Factor:  

     The Ideality Factor always varies between 1 and 2. This parameter shows a major effect 

in the 4
th

 quadrant.  

2.1.6 r_wire: 

    This is the series resistance of the device. 'r_wire‘ is the connective resistance of all the 

layers of the device. i.e. the series resistance of the Substrate, ITO, Polymer, Active layer, 

Metal all together is represented as ‘r_wire’ (for dark region). 
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2.1.7 Intensity: 

    This is the intensity of the light. This shows an effect in 2
nd

, 3
rd

 and 4
th

 quadrants.  

2.1.8 Contact Permeability:  

      This parameter is generally defined as, “not all the charges generated by light causing an 

intensity depending charge density ne contribute to the photocurrent. But their existence 

and mobility µ contribute to the conductivity of the bulk heterojunction. So the generation 

of the charge carriers also lowers the resistance of the bulk via a photo induced doping 

effect. In order to estimate the contribution of this effect to the parallel resistance (Rp dark) of 

the device, this conductivity has to be weighed by the probability that charge carriers of one 

type can penetrate the barrier presented by the selective electrodes. This weighing factor is 

named as ‘contact permeability’ cp” 
[1]

. This parameter effects mostly in the 1
st

 and 2
nd

 

quadrants.  

  2.1.9 AbsCT: 

       This is another fitting parameter that is introduced by ‘Konarka Technologies’. AbsCT 

stands for Absorption x charge transfer. AbsCT represents the part of all the photons of the 

sun which are converted into electrons within the bulk. For this conversion the photon is 

absorbed ("Abs") initially and then the excited electron has to be separated from the 

molecule, it origins from via charge transfer ("CT").
[9]

 

      This shows almost a same effect that of the intensity, the effect of this parameter is 

mainly on the 2
nd

, 3
rd

 and 4
th

 quadrants. 

2.1.10 Tau: 

       This is the time period of a charge carrier. The effect of this parameter can normally be 

observed in all the quadrants.    

2.1.11 Del-rwire: 

This is the wired series resistance for the light region. With light, there is a change in 

conductivity of the semi conducting layer (charges are generated). If the semi conducting 

layer consists of a space charge region, this part of the active layer will contribute to r_wire. 

The change in conductivity of this region then will reduce the r_wire under illumination. This 

effect required the introduction of the delta_rwire which expresses the change of r_wire 

under illumination:  

rwiredeltadarkwirerlightwireR _)(_)(_ −=    -------- refer [9] 

The effect of this parameter is seen in the 1
st

 quadrant, i.e. the change in the series 

resistance of the light region shows an effect on the light curve in the 1
st

 quadrant.  
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2.2 Final Extraction 

     The parameters extracted by using the above independent parameters are, Parallel 

Resistance, Series Resistance, Ideality-Factor, Contact Probability and I-diode. 

 

2.2.1 Parallel Resistance (Rp): 

     This is calculated by using the equation  1)
1

( −

−

+=
darkpp

e
p Rdc

qAn
R

µ
   -------- refer [1] 

Where, A - Area, ne  - charge density, q – charge, µ - mobility, cp - contact permeability, d – 

thickness.  

    The first term 
dc

qAn

p

e µ
  is the photo resist, and the second term 

darkpR
−

1
 is the inverse of 

row-dark (shunt resistance). 

 

2.2.2 Series Resistance (Rs): 

      Rs is the independent parameter ‘r-wire’, the series wired resistance of all the layers 

together present in the device. This r-wire extracted above is directed as the Series 

Resistance Rs. 

2.2.3 Ideality Factor (n):  

     This is the ideality of the diode. This parameter as explained before always varies 

between 1 and 2, but mostly between 1.4 and 1.6 for many organic photo voltaic solar cells. 

The ‘Ideality’ extracted above is directed as the Ideality Factor n. 

2.2.4 Contact Probability (Cp): 

     Refer ‘contact prob’. The Contact Permeability extracted above is directed as the Contact 

Probability cp. 

2.2.5 Diode Current (Id): 

   Id is calculated by using the equation,  

1

_0
)_(

−
= ×

n
hsVbetad

e

hsj
I        -------- refer [1] 

Where, kT
ebeta = . 
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3 
DESCRIPTION OF THE SIMULATION 

 
The whole documentation is followed by the previous Excel Simulation sheet 

(Simulation_2dioden). 

Initially we start with the explanation of the worksheet “Main”. In this worksheet we have 

many rows and columns defined by different operation.  

 

 

 

Figure 3.1 

 This procedure of calculating the desired parameters has been designed by using the Mean 

Square Method. Each parameter is sweeped between two different ranges (Upper Limit and 

Lower Limit). For each parameter value within the sweeping range the difference of 

measured and simulation data are taken and the average is calculated for the respective 
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difference data, which is stored in a cell. This method is repeated for every parameter value 

within the sweeping range. Among all the averages the minimum average is considered to 

be the minimum error, which is concluded as the right value of the parameter within the 

sweeping range. And the whole procedure is explained in detail step by step in chapter 4. 

 

3.1 Worksheet “Main” 

 

 

Figure 3.2 

 

3.2 Briefing the Rows and Columns: 

     Initially the Dark and Light measured values are to be pasted in the columns L, M, O, P. As 

and then these measured values are pasted in those columns, they are directed towards all 

the necessary cells in the whole workbook (as per in the columns A and B shown in the 

figure 4.1) 

The values from the cells H15 to H20 (red in colour) are to be defined by the user. The 

Button START first fits the dark and then the light curve. The Button Fit Dark fits only the 

dark curve, the Button Fit Light fits only the light curve. The Button Reset neutralizes the 

simulation curve with few default values. 
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Note: The Reset button has to be clicked between measurement to measurement, as the 

parameters in the worksheet ‘Simulation_2dioden’ are highly dependent on the previous 

parameter values.  

The whole extraction of the simulation runs by sweeping all the parameters (V_hs, J0_hs, 

Rho_dark, Epsilon_r, Ideality, r_wire, Intensity, Contact probability, AbsCT, tau, Del_rwire) 

within a range. Where, the parameter value is defined from the simulation curve compared 

with the measured curve. Accordingly, the perfect fitting value for the parameter is taken, 

and the procedure is as follows: 

3.3 Defining Ranges:  

    Column I and J in the worksheet ‘Main’ are the sweeping ranges. Each parameter has 

been defined to choose the ranges depending on the measurement values. The Upper Limit 

(column-I) is the least ranging value and the Lower Limit (column-J) is the maximum ranging 

value. The parameter after sweeping between Upper and Lower limits, chooses the 

minimum average among all the values (‘Ranges’) and results in a perfect fit. This ranging of 

the parameters is extracted by visual basic codes, which are explained further in Worksheet 

“Rp_dark” (refer chapter 4). 

   In the ranging columns I and J the cells coloured in gray are automatically defined from the 

measurement, and the cells coloured in orange are user-defined.  

   The extraction of all the parameter values is done by using the Least Mean Square 

Method. After the whole simulation program is processed, the extracted values of all the 

parameters are displayed in the cells ranging from H3 to H13 and the cells from C3 to C7. 

3.4 Assigning the User Defined parameters:  

    The parameter values of Temperature, Alpha, µ, Built-in-Voltage, Area and Thickness 

ranging from the cells H15 to H20 are to be assigned in the worksheet ‘Simulation_2dioden’. 

The following is the visual basic code used for assigning the respective values of the 

parameters, 

 

'Temperature 
    Sheets ("Main").Activate 
    t = ActiveSheet.Cells (15, 8).Value 
    Sheets ("Simulation_2dioden").Activate 
    ActiveSheet.Cells (14, 25).Value = t  
    
'Alpha 
    Sheets ("Main").Activate 
    al = ActiveSheet.Cells(16, 8).Value 
    Sheets ("Simulation_2dioden").Activate 
    ActiveSheet.Cells (15, 25).Value = al      
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'mu 
    Sheets ("Main").Activate 
    mu = ActiveSheet.Cells (17, 8).Value 
    Sheets ("Simulation_2dioden").Activate 
    ActiveSheet.Cells (16, 25).Value = mu      
 
'Built-in-Voltage 
    Sheets ("Main").Activate 
    vbi = ActiveSheet.Cells(18, 8).Value 
    Sheets ("Simulation_2dioden").Activate 
    ActiveSheet.Cells (17, 25).Value = vbi 
 
'A 
    Sheets ("Main").Activate 
    a = ActiveSheet.Cells (19, 8).Value 
    Sheets ("Simulation_2dioden").Activate 
    ActiveSheet.Cells (18, 25).Value = d 
 
'd 
    Sheets ("Main").Activate 
    d = ActiveSheet.Cells (20, 8).Value 
    Sheets ("Simulation_2dioden").Activate 
    ActiveSheet.Cells (19, 25).Value = d 

 

The working procedure of the above code is as follows, 

a. Initially the value of the parameter Temperature (T) declared by the user in the cell 

H15 is directed to the cell Y14 of the worksheet ‘Simulation_2dioden’. 

b. Value of the parameter Alpha declared by the user in the cell H16 is directed to the 

cell Y15 of the worksheet ‘Simulation_2dioden’. 

c. Value of the parameter mu (µ) declared by the user in the cell H17 is directed to the 

cell Y16 of the worksheet ‘Simulation_2dioden’. 

d. Value of the parameter Built-in-voltage (Vbi) declared by the user in the cell H18 is 

directed to the cell Y17 of the worksheet ‘Simulation_2dioden’. 

e. Value of the parameter Area (A) declared by the user in the cell H19 is directed to 

the cell Y18 of the worksheet ‘Simulation_2dioden’. 

f. Value of the parameter Thickness (d) declared by the user in the cell H20 is directed 

to the cell Y19 of the worksheet ‘Simulation_2dioden’. 
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4 

DESCRIPTION OF THE PARAMETERS 

 

4.1 Parameter “Rho_dark”: (Worksheet ‘Rp_dark’) 

 

    The extraction of the parameter value is done by using the Least Mean Square Method. 

 

Figure 4.1 

 

 

4.1.1 Briefing Rows and Columns: 

i. The cells in the column A and B define the voltage and current of the measured data.  

ii. The cells in the column C and D define the voltage and current of the simulation 

data.  
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iii. The cells in the column F define the difference between current of Measured and 

current of Simulation data, along with the Absolute of the difference (to convert all 

the differences into positive values). 

iv. The cell H3 defines the average of the cells in the column F.   

v. The cells K2 and K3 are the sweeping ranges extracted from the visual basic codes 

(refer 4.1.3). 

vi. The cell K11 displays the present parameter value for which the Simulation data 

(columns C and D) are calculated. 

vii. The cell K18 counts the number of values present in the column A. 

viii. The cell K20 counts the number of values present in the column V. 

ix. The cell K22 counts the number of values present in the column Y. 

x. The column M buffers the parameter value for which the Simulation data is 

calculated 

xi. The column N buffers the Average of the parameter value, which is calculated in the 

cell H3. 

xii. The column P is used to calculate the minimum value among the averages in the 

column N 

xiii. The column Q interpolates the value in the cell P3 with the corresponding values in 

the column M. 

xiv. The cells R3 and R4 calculate the maximum number from the column Q. 

xv. The calculated Simulation data for every parameter is directed to the columns V and 

W. 

xvi. The measured data placed in the worksheet ‘Main’ (columns L and M) is directed to 

the columns Y and Z. 

 

4.1.2 Range of the measured data: 

    Rho_dark is mainly active in the 3
rd

 quadrant. So, we consider the measured values 

ranging in the 3
rd

 quadrant.     

    The following is the visual basic code for ranging the measurement data required to 

calculate the Rho_dark, 

 

  'Interpolating Measurement with Main Measurement 

    mes = 3 
    Row = 3 
    z = 1 
    n = ActiveSheet.Cells (Row, 25).Value 
    countm = ActiveSheet.Cells (22, 11) 
    Count = 3 
   Do While n < 0.01 And Count < countm 
    If n < 0.01 And n > -2 Then 
     z = n 
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     ActiveSheet.Cells (mes, 1).Value = z 
     x = ActiveSheet.Cells (Row, 26).Value 
     ActiveSheet.Cells (mes, 2).Value = x 
     mes = mes + 1 
    End If 
     Row = Row + 1 
     Count = Count + 1 
     n = ActiveSheet.Cells (Row, 25).Value 
   Loop 

 'End of Interpolation 

          The working procedure of the above code is as follows, 

a. Initially we declare the values for the characters mes, Row, z and Count.  

b. The value of countm represents the row (22) and column (11), which is represented 

by the cell K22.  

c. The value of n represents the row (corresponding value of the character Row) and 

column (25). 

d. After the declarations, we follow on with the looping command do-while and If. 

e. If the voltage value doesn’t range in the 3
rd

 quadrant, the value of Row and Count 

are incremented to +1 until it reaches the right range required. 

f. The value of n should always range between 0.01 and -2, which corresponds the 3
rd

 

quadrant.  

g. When the values which satisfy the If condition applied, the corresponding n value is 

assigned to z. 

h. The value of z is assigned to the row (corresponding the value of mes) and column 

(1), which is the measured voltage value within the 3
rd

 quadrant.  

i. For getting the appropriate current value of that particular voltage, the value of row 

(value of Row) and column 26 is assigned to the character x. And this value x is 

directed to the row (value of mes) and column 2 

j. Now, mes is incremented to +1 in order to locate the next voltage and current 

measured values, this loop runs until the value of n is greater than 0.01.  

k. The while and If loops exits once the measured voltage value crosses the range of 3
rd

 

quadrant.        

  

4.1.3 Ranging values of Parameter: 

     The following is the visual basic code that has been used for calculating the ranges of the 

parameter. 

   

 'Range (Upper limit-Lower limit) 

    u = 3 
    v = ActiveSheet.Cells (u, 1).Cells 
   While v < 0 
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    Do While v = -0.3 
      i = ActiveSheet.Cells (u, 2).Cells 
     If i < 0.11 And i > 0.01 Then 
      ActiveSheet.Cells (2, 11) = 140000000 
      ActiveSheet.Cells (3, 11) = 1400000000 
     ElseIf i < 0.011 And i > 0.00124 Then 
      ActiveSheet.Cells (2, 11) = 1400000000 
      ActiveSheet.Cells (3, 11) = 14000000000 
     ElseIf i < 0.00125 And i > 0.00028 Then 
      ActiveSheet.Cells (2, 11) = 14000000000 
      ActiveSheet.Cells (3, 11) = 140000000000 
     End If  
      v = 1 
    Loop 
      u = u + 1 
      v = ActiveSheet.Cells (u, 1).Cells 
   Wend 

 'End of Range 

      The working procedure of the above code is as follows, 

      For the ranging of upper and lower limits, we consider a constant value for v = -0.3 (as 

the measured data always has this voltage and is considered as a good assumption). 

a. Initially the values of u and v are declared. u = 3 as the row in the sheet starts from 3. 

And for the value of v, row is the value of u and column is 1 (which is the voltage 

value of measured data). 

b. When v is less than 0, the sequence enters the loop and until v = -0.3 the value of u is 

incremented to +1. 

c. Once the value of v = -0.3, the sequence enters the do while loop and the value if i is 

declared as the row = u and column = 1 (where i is the current from the measured 

data).   

d. Depending on the value of i the appropriate ranges for upper limit and lower limit 

are considered as per the if condition and assigned to the cells K2 and K3. 

e. Once the range is declared, the value of v is assigned to 1 so that the sequence exits 

the while loop.   

     

4.1.4 Interpolation of Measurement and Simulation:  

         The following is the visual basic code that has been used for interpolating 

Measurement and Simulation data. 

 

'Interpolating Simulation with Measurement 

    sim = 3 
    cell = 3 
    c = 1 



Page | 34  

 

    t = 1 
    b = ActiveSheet.Cells (sim, 22).Value 
    a = ActiveSheet.Cells (cell, 1).Value 
    m = ActiveSheet.Cells (cell, 1).Value 
    Count = 3 
    count1 = 3 
    counts = ActiveSheet.Cells(20, 11).Value 
    countr = ActiveSheet.Cells(18, 11).Value 
          
      Do While m < 0.01 And count1 < countr 
        b = ActiveSheet.Cells (sim, 22).Value 
        a = ActiveSheet.Cells (cell, 1).Value 
        If a = b And Count < counts Then 
        c = b 
        ActiveSheet.Cells (cell, 3).Value = c 
        ActiveSheet.Cells (cell, 4).Value = ActiveS heet.Cells 
(sim, 23).Value 
        cell = cell + 1 
        t = sim 
        sim = 3 
        Count = 3 
        count1 = count1 + 1 
        ElseIf a < b And Count < counts Then 
        sim = sim + 1 
        Count = Count + 1 
        ElseIf a > b And Count < counts Then 
        sim = sim + 1 
        Count = Count + 1 
        ElseIf Count = counts Then 
        ActiveSheet.Cells (cell, 3).Value = 0 
        ActiveSheet.Cells (cell, 4).Value = ActiveS heet.Cells 
(cell, 2).Value 
        cell = cell + 1 
        sim = t 
        Count = 3 
        End If 
        m = ActiveSheet.Cells (cell, 1).Value 
      Loop        

'End of Interpolation 

         

  The above code is embedded in the main program (code), which is used to calculate the 

simulation data for each value of the parameter within the given range.  
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  The working procedure of the above code is as follows, 

a. Initially we declare the values of sim, cell, c, t, b, a, m, count, count1, counts, countr 

as seen in the above code.  

b. The values of sim, cell, count and count1 are declared as 3, as the simulation data in 

the worksheet starts from the row 3.  c and t are declared as 1, as there should be 

some initialization.  

c. The values b, a and m are declared accordingly from the values of sim and cell. 

d. When the value of m is less than 0.01 and the value of count1 is less than countr the 

sequence enters the while loop. 

e. If the value of a is equal to b then the value of b is assigned to c, and the value of c is 

assigned to the corresponding value of row = cell and column = 3 (which is the 

voltage of the simulation).  

f.  And accordingly, the value of row = sim and column = 23 is assigned to row = cell 

and column = 4 (which is the current of the simulation, corresponding to the value 

of voltage in the above point). 

g. Then the values of cell and count1 are incremented to +1, the value of sim is 

assigned to t and the values of sim and count are assigned as 3. (In order to  search 

the next interpolating value corresponding to the measurement) 

h. If the value of a is not equal to b, the values of sim and count are incremented to +1 

(In order to find the next interpolating value). This process runs until the value of 

count is equal to or greater than countr.   

i. When the value of count is equal to counts, the corresponding row = cell and column 

= 3 is assigned to 0.  And the current of the measured value (column B) is assigned 

to the current of simulation (column D), so that the value of absolute difference of 

columns B and D (column F) is 0. 

j. The value of cell is incremented to +1, the value of t is assigned to sim and count is 

initialized to 3. (In order to find the next simulation data that matches the measured 

data). 

 

4.1.5 Extraction and Buffering of the Values and Averages: 

    The following is the visual basic code that has been used for buffering the parameter 

values and averages within the given range. The program that refer chapter 4.1.4 is 

embedded in the following code.  

   

          uplim = ActiveSheet.Cells(2, 11).Value 
    downlim = ActiveSheet.Cells(3, 11).Value 
    cnt = uplim 
    storecnt = 3 
    sim = 3 
    cell = 3 
    c = 1 



Page | 36  

 

    b = ActiveSheet.Cells (sim, 22).Value 
    a = ActiveSheet.Cells (cell, 1).Value 
    m = ActiveSheet.Cells (cell, 1).Value 
    Count = 3 

'Simulation 

    While cnt < downlim 
        ActiveSheet.Cells (11, 11).Value = cnt 
        Sheets ("Simulation_2dioden").Activate 
        ActiveSheet.Cells (23, 25).Value = cnt 
        Sheets ("Rp_dark").Activate 
        ActiveSheet.Cells (storecnt, 13).Value = cn t 
        a = cnt 
        faktor = 1 
        If Abs(a) > 10 Then 
        Do 
         a = a / 10 
         faktor = faktor / 10 
        Loop While Abs(a) > 10 
        End If 
        If Abs(a) < 1 Then 
        Do 
         a = a * 10 
         faktor = faktor * 10 
        Loop While Abs(a) < 1 
        End If 
        cnt = Round(a * 11) / 10 / faktor 

     

 'Interpolating Simulation with Measurement 

    sim = 3  
    cell = 3 
    c = 1 
    t = 1 
    b = ActiveSheet.Cells (sim, 22).Value 
    a = ActiveSheet.Cells (cell, 1).Value 
    m = ActiveSheet.Cells (cell, 1).Value 
    Count = 3 
    count1 = 3 
    counts = ActiveSheet.Cells(20, 11).Value 
    countr = ActiveSheet.Cells(18, 11).Value 
          
      Do While m < 0.01 And count1 < countr 
        b = ActiveSheet.Cells (sim, 22).Value 
        a = ActiveSheet.Cells (cell, 1).Value 
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        If a = b And Count < counts Then 
        c = b 
        ActiveSheet.Cells (cell, 3).Value = c 
        ActiveSheet.Cells (cell, 4).Value = ActiveS heet.Cells 
(sim, 23).Value 
        cell = cell + 1 
        t = sim 
        sim = 3 
        Count = 3 
        count1 = count1 + 1 
        ElseIf a < b And Count < counts Then 
        sim = sim + 1 
        Count = Count + 1 
        ElseIf a > b And Count < counts Then 
        sim = sim + 1 
        Count = Count + 1 
        ElseIf Count = counts Then 
        ActiveSheet.Cells (cell, 3).Value = 0 
        ActiveSheet.Cells (cell, 4).Value = ActiveS heet.Cells 
(cell, 2).Value 
        cell = cell + 1  
        sim = t 
        Count = 3 
        End If 
        m = ActiveSheet.Cells (cell, 1).Value 
      Loop 
       cell = 3 
       m = ActiveSheet.Cells (cell, 1).Value 

 'End of Interpolation 

 

       ActiveSheet.Cells (storecnt, 14).Value = 
ActiveSheet.Cells (3, 8).Value 
       storecnt = storecnt + 1 
    Wend 

 'End of Simulation 

 

  The working procedure of the above code is as follows, 

a. Initially the value of uplim, downlim, cnt, storecnt, sim, cell, c, b, a, m, Count are 

declared. 

b. The value of uplim is the Upper limit from cell K2, and the value of downlim is the 

Lower limit from cell K3. 

c. The value of uplim is assigned to cnt in order to create a temporary stack. 

d. If cnt is less than downlim, the sequence enters the while loop. 
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e. Then the value of cnt is directed to the cell K11, so that the user would know for 

which value of the parameter the simulation data is calculated. 

f. The next step would be assigning the same value of cnt to the corresponding 

parameter cell in the worksheet ‘Simulation_2dioden’, which would Y23 for Rp_dark. 

g. Then again the same value of cnt is directed to the worksheet ‘Rp_dark’ in the 

column M (where all the parameter values are buffered).   

h. The value of cnt is assigned to a inorder,  

i. If the absolute of a (positive value of a) is greater than 10 then a and faktor are 

decremented by dividing them by 10, and the loop is repeated until the absolute 

value of a is lesser than 10. 

j.  If the absolute of a (positive value of a) is lesser than 1 then a and faktor are 

incremented by multiplying them by 10, and the loop is repeated until the absolute 

value of a is greater than 1. 

k. The value of a is rounded up, then multiplied by faktor and divided by 10. And this 

result is assigned to cnt. 

l. Then the program of interpolation is run inorder to match the right measured and 

simulation voltages (refer chapter 4.1.4). 

m. Finally, the average from the cell H3 is directed to column N. 

n. The value of storecnt is incremented to +1, so that the previous value of the 

parameter and as well as the average from cell H3 is buffered in columns M and N 

respectively.  

o. And the whole loop is run again with the next value of the parameter. 

 

4.1.6 Assigning the values of parameter and ranges:  

     The following is the visual basic code that has been used to assign the final value of the 

parameter, 

 

            Sheets ("Rp_dark").Activate 
     rho = ActiveSheet.Cells(3, 18).Value 
     ActiveSheet.Cells (4, 18).Value = rho 
     u = ActiveSheet.Cells (2, 11).Value 
     l = ActiveSheet.Cells (3, 11).Value 
     Sheets ("Simulation_2dioden").Activate 
     ActiveSheet.Cells (23, 25).Value = rho 
     Sheets ("Main").Activate 
     ActiveSheet.Cells (5, 8).Value = rho 
     ActiveSheet.Cells (5, 9).Value = u 
     ActiveSheet.Cells (5, 10).Value = l 

 

The working procedure of the above code is as follows, 
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a. The first code moves the simulation process to the worksheet ‘Rp_dark’ and the 

value in the cell R3 is assigned to rho.  

b. The value of rho is assigned to the cell R4. 

c. The values of cells K2 and K3 are assigned u and l. 

d. Then the simulation is switched to the worksheet ‘Simulation_2dioden’ and the value 

of rho is assigned to the cell Y23. 

e. Finally the simulation is switched to the worksheet ‘Main’, then the value of rho is 

directed to the cell H5, u is directed to the cell I5 and the value of l is directed to the 

cell J5.  

 

Final values of the upper limit, lower limit and Rp_dark are displayed in the worksheet 

‘Main’.  

 

 

Below is the Graphical representation of the Measured and Simulation curves, 

 

 

 

Figure 4.2  

 

 

i. The thin red coloured line represents the Simulation-dark curve and the thick 

maroon coloured line represents the Measured-dark curve. 
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ii. The thin blue coloured line represents the Simulation-light curve and the thick sky-

blue coloured line represents the Measured-light curve. 

 

 

4.2 Parameter “Epsilon_r”: (Worksheet ‘Epsilon_r’) 

 

4.2.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 

 

4.2.2 Range of the measured data: 

    Epsilon_r is mainly active in the 3
rd

 quadrant. So, we consider the measured values 

ranging in the 3
rd

 quadrant.   

    The visual basic code of Epsilon_r is similar to the code of Rp_dark, except for the range of 

n which should always range between -2 & 0.01. For description of the code refer chapter 

4.1.2.   

    

4.2.3 Ranging values of Parameter: 

    As the value of the Epsilon_r depends on the device material used, the range has to be 

defined by the user. 

 

4.2.4 Interpolation of Measurement and Simulation:  

    The interpolation code of Epsilon_r is similar to Rp_dark. For description of the 

interpolation codes refer chapter 4.1.4. 

 

4.2.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.2.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 

 

4.3 Parameter “V_hs”: (Worksheet ‘V_hs’) 

4.3.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 
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4.3.2 Range of the measured data: 

    V_hs is mainly active in the 4
th

 quadrant. So, we consider the measured values ranging in 

the 4
th

 quadrant.   

    The visual basic code of V_hs is similar to the code of Rp_dark, except for the value of n 

should always range between 0 and 1.01, which corresponds the 4
th

 quadrant. For 

description of the code refer chapter 4.1.2.   

    

4.3.3 Ranging values of Parameter: 

    The value of V_hs always varies between +0.1 to -0.1 of Vbi/2. Vbi is defined by the user 

in the cell H18 of the worksheet ’Main’. 

 

4.3.4 Interpolation of Measurement and Simulation:  

    The interpolation code of V_hs is similar to Rp_dark. For description of the interpolation 

codes refer chapter 4.1.4. 

 

4.3.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.3.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 

 

 4.4 Parameter “J0_hs”: (Worksheet ‘V_hs’) 

 

4.4.1 Extraction of the parameter: 

    The parameter value of J0_hs is extracted from the parameter value of V_hs. J0_hs is the 

current of the corresponding voltage (V_hs) in the measured data.  

   The code of J0_hs is embedded after the code of V_hs in the same worksheet. And the 

code is as follows, 

 

  Sheets ("V_hs").Activate 
    cell = 3 
    countm = ActiveSheet.Cells(18, 11) 
   Do While cell < countm 
    v = ActiveSheet.Cells (cell, 1).Value 
    vh = Round(ActiveSheet.Cells(4, 18).Value, 2) 
    If vh = v Then 
     i = ActiveSheet.Cells (cell, 2).Value 
     ActiveSheet.Cells (8, 18).Value = i 
     cell = countm + 1 
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    Else 
     cell = cell + 1 
    End If 
   Loop 
    Sheets ("Simulation_2dioden").Activate 
    ActiveSheet.Cells (22, 25).Value = i 
    Sheets ("Main").Activate 
    ActiveSheet.Cells (4, 8).Value = i 
 

The working procedure of the above code is as follows, 

a. Initially we declare the value of cell = 3, as all the rows in the worksheet start from 

the 3
rd

 row and the value of countm is the cell K18. 

b. When the value of cell is less than countm, the simulation enters the while loop. 

c. The value of v is assigned by the cell, where row=cell and the column=1.  

d. The value of cell R4 is rounded upto 2 decimal values, which is assigned to vh. 

e. When the value of vh is not equal to v, the value of cell is incremented to +1. 

f. When the value of vh is equal to v, the value with row=cell and column=2 is assigned 

to i. And the value of i is assigned to the cell R8, the value of cell is equal to 

countm+1 so that the simulation exits the while loop. 

g. The simulation switches the worksheet to ‘Simulation_2dioden’, where the value of i 

is assigned to the cell Y22. 

h. Finally the simulation switches back to the worksheet ‘Main’, where the value of i is 

assigned to the cell H4. 

 

The screenshot of the worksheet V_hs and J0_hs is as shown below, 
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Figure 4.3 

4.5 Parameter “Ideality”: (Worksheet ‘Ideality’) 

 

4.5.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 

 

4.5.2 Range of the measured data: 

    Ideality is mainly active in the 4
th

 quadrant. So, we consider the measured values ranging 

in the 4
th

 quadrant.   

    The visual basic code of Ideality is similar to the code of Rp_dark, except for the value of n 

should always range between 0.01 and 2, which corresponds the 4
th

 quadrant. For 

description of the code refer chapter 4.1.2.   

    

4.5.3 Ranging values of Parameter: 

    The ranging of the parameters in Ideality is similar to Rp_dark, for the ranging of upper 

and lower limits, we consider a constant value for v = 0.2 (as the measured data always 

consists this point and is considered as a good assumption). And accordingly for a constant 

voltage of 0.2 the value of current is varied within a range.  

    The code for the variation of current value is as follows, 
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 'Range (Upper limit-Lower limit) 
    u = 3 
    v = ActiveSheet.Cells (u, 1).Cells 
   While v < 0.3 
    Do While v = 0.2 
      i = ActiveSheet.Cells (u, 2).Cells 
     If i < 0.0095 And i > 0.0044 Then 
      ActiveSheet.Cells (2, 11) = 1.71 
      ActiveSheet.Cells (3, 11) = 2 
     ElseIf i < 0.00441 And i > 0.0016 Then 
      ActiveSheet.Cells (2, 11) = 1.41 
      ActiveSheet.Cells (3, 11) = 1.7 
     ElseIf i < 0.0016 And i > 0.00057 Then 
      ActiveSheet.Cells (2, 11) = 1 
      ActiveSheet.Cells (3, 11) = 1.4 
     End If 
      v = 1 
    Loop 
      u = u + 1 
      v = ActiveSheet.Cells (u, 1).Cells 
   Wend 
 'End of Range 

 

For further description refer 4.1.3. 

 

4.5.4 Interpolation of Measurement and Simulation:  

    The interpolation code of Ideality is similar to Rp_dark. For description of the 

interpolation codes refer chapter 4.1.4. 

 

4.5.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.5.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 

 

4.6 Parameter “r_wire”: (Worksheet ‘r_wire’) 

4.6.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 
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4.6.2 Range of the measured data: 

    The value of r_wire is mainly active in the 1
st

 quadrant. So, we consider the measured 

values ranging in the 1
st

 quadrant.   

    The visual basic code of r_wire is similar to the code of Rp_dark, except for the value of n 

should always range between 0.49 and 2, which corresponds the 1
st

 quadrant. For 

description of the code refer chapter 4.1.2.   

 

4.6.3 Ranging values of Parameter: 

    The ranging of the parameters in r_wire is similar to Rp_dark, for the ranging of upper and 

lower limits, we consider a constant value for v = 1 (as the measured data always consists 

this point and is considered as a good assumption). And accordingly for a constant voltage 

of 1 the value of current is varied within a range.  

    The code for the variation of current value is as follows, 

 

 'Range (Upper limit-Lower limit) 
    u = 3 
    v = ActiveSheet.Cells (u, 1).Cells 
   While v < 1.1 
    Do While v = 1 
      i = ActiveSheet.Cells (u, 2).Cells 
     If i > 15.8 And i < 22.15 Then 
      ActiveSheet.Cells (2, 11) = 20 
      ActiveSheet.Cells (3, 11) = 30 
     ElseIf i > 22.14 And i < 44.88 Then 
      ActiveSheet.Cells (2, 11) = 10 
      ActiveSheet.Cells (3, 11) = 20 
     ElseIf i > 44.87 And i < 126 Then 
      ActiveSheet.Cells (2, 11) = 3.5 
      ActiveSheet.Cells (3, 11) = 10 
     End If 
      v = 2 
    Loop 
      u = u + 1 
      v = ActiveSheet.Cells (u, 1).Cells 
   Wend  
 'End of Range 

 

For further description refer chapter 4.1.3. 

 

4.6.4 Interpolation of Measurement and Simulation:  

    The interpolation code of r_wire is similar to Rp_dark. For description of the interpolation 

codes refer chapter 4.1.4. 
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4.6.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.6.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 

 

4.7 Parameter “Intensity”: (Worksheet ‘Intensity’) 

4.7.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 

 

4.7.2 Range of the measured data: 

    The value of Intensity is mainly active in the 2
nd

 & 1
st

 quadrant, but mostly affects the 2
nd

 

quadrant. So, we consider the measured values ranging in the 2
nd

 quadrant.   

    The visual basic code of Intensity is similar to the code of Rp_dark, except for the value of 

n should always range between -2 and 0.02, which corresponds the 2
nd

 quadrant. For 

description of the code refer chapter 4.1.2.   

 

4.7.3 Ranging values of Parameter: 

    The ranging of the parameters in Intensity is similar to Rp_dark, for the ranging of upper 

and lower limits, we consider the short circuit current (Isc) i.e v = 0 (as the measured data 

always consists this point and is considered as a good assumption). And accordingly for a 

constant voltage of 0 the value of current is varied within a range.  

    The code for the variation of current value is as follows, 

 

 'Range (Upper limit-Lower limit) 
    u = 3 
    v = ActiveSheet.Cells (u, 1).Cells 
   While v < 0.01 
    Do While v = 0 
      i = ActiveSheet.Cells (u, 2).Cells 
     If i < 25.01 And i > 9.99 Then 
      ActiveSheet.Cells (2, 11) = 0.08 
      ActiveSheet.Cells (3, 11) = 0.3 
     ElseIf i < 10.01 And i > 0.99 Then 
      ActiveSheet.Cells (2, 11) = 0.009 
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      ActiveSheet.Cells (3, 11) = 0.08 
     ElseIf i < 1.01 And i > 0.09 Then 
      ActiveSheet.Cells (2, 11) = 0.0008 
      ActiveSheet.Cells (3, 11) = 0.009 
     ElseIf i < 0.11 And i > 0.01 Then 
      ActiveSheet.Cells (2, 11) = 0.000082 
      ActiveSheet.Cells (3, 11) = 0.0008 
     End If 
      v = 1 
    Loop 
      u = u + 1 
      v = ActiveSheet.Cells (u, 1).Cells 
   Wend  
 'End of Range 

 

For further description refer chapter 4.1.3. 

 

4.7.4 Interpolation of Measurement and Simulation:  

    The interpolation code of Intensity is similar to Rp_dark. For description of the 

interpolation codes refer chapter 4.1.4. 

 

4.7.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.7.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter4.1.6. 

 

4.8 Parameter “Contact Probability”: (Worksheet ‘Cont_Prob’) 

 

4.8.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 

 

4.8.2 Range of the measured data: 

    Contact Probability is mainly active in the 1
st

, 2
nd

 & 4
th

 quadrants. So, we consider the 

measured values ranging in the 1
st

 & 4
th

 quadrants, as it is mainly affective in these 

quadrants.   
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    The visual basic code of Contact Probability is similar to the code of Rp_dark, except for 

the range of n which should always range between 0.39 & 0.61. For description of the code 

refer chapter 4.1.2.   

    

4.8.3 Ranging values of Parameter: 

    As the value of the Contact Probability couldn’t be extracted automatically, the range has 

to be defined by the user. 

 

4.8.4 Interpolation of Measurement and Simulation:  

    The interpolation code of Contact Probability is similar to Rp_dark. For description of the 

interpolation codes refer chapter 4.1.4. 

 

4.8.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.8.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 

 

4.9 Parameter “AbsCT”: (Worksheet ‘AbsCT’) 

 

4.9.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 

 

4.9.2 Range of the measured data: 

    AbsCT is mainly active in the 1
st

, 2
nd

 & 4
th

 quadrants. So, we consider the measured values 

ranging in the 1
st

 & 2
nd

 quadrants, as it is mainly affective in these quadrants.  

    The visual basic code of AbsCT is similar to the code of Rp_dark, except for the range of n 

which should always range between -2 & 0.51. For description of the code refer chapter 

4.1.2.   

    

4.9.3 Ranging values of Parameter: 

            As the value of the AbsCT couldn’t be extracted automatically, the range has to be 

defined by the user. Normally the Upper limit and Lower limit of AbsCT would always 

range in between 0.024 and 0.24  

 

 



Page | 49  

 

4.9.4 Interpolation of Measurement and Simulation:  

    The interpolation code of AbsCT is similar to Rp_dark. For description of the interpolation 

codes refer chapter 4.1.4. 

 

4.9.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.9.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 

 

4.10 Parameter “tau”: (Worksheet ‘tau’)  

 

4.10.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 

 

4.10.2 Range of the measured data: 

    The value of tau is mainly active in the 1
st

, 2
nd

 & 4
th

 quadrants. So, we consider the 

measured values ranging in the 1
st

 & 4
th

 quadrants, as it is mainly affective in these 

quadrants.  .   

    The visual basic code of tau is similar to the code of Rp_dark, except for the range of n 

which should always range between -2 & 1.5. For description of the code refer chapter 4.1.2.   

    

4.10.3 Ranging values of Parameter: 

    As the value of the tau couldn’t be extracted automatically, the range has to be defined 

by the user. 

 

4.10.4 Interpolation of Measurement and Simulation:  

    The interpolation code of tau is similar to Rp_dark. For description of the interpolation 

codes refer chapter 4.1.4. 

 

4.10.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 
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4.10.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 

 

4.11 Parameter “Del_rwire”: (Worksheet ‘Del_wire’) 

 

4.11.1 Briefing Rows and Columns: 

    The Rows and Columns in all the parameter worksheets are the same. For the description 

of the Rows and Columns refer chapter 4.1.1. 

 

4.11.2 Range of the measured data: 

    Del_rwire is mainly active in the 4
th

 quadrant. So, we consider the measured values 

ranging in the 4
th

 quadrant.   

    The visual basic code of Del_rwire is similar to the code of Rp_dark, except for the range 

of n which should always range between 0.49 & 2. For description of the code refer chapter 

4.1.2.   

    

4.11.3 Ranging values of Parameter: 

    As the value of the Del_rwire couldn’t be extracted automatically, the range has to be  

defined by the user. Normally the Upper limit and Lower limit of Del_rwire would always  

range in between 1 and 11.  

 

4.11.4 Interpolation of Measurement and Simulation:  

    The interpolation code of Del_rwire is similar to Rp_dark. For description of the 

interpolation codes refer chapter 4.1.4. 

 

4.11.5 Extraction and Buffering of the Values and Averages: 

    Depending on the value of the parameter, the buffering of values and averages is 

progressed. For description of the code refer chapter 4.1.5. 

 

4.11.6 Assigning the values of parameter and ranges:  

    The process of assigning is similar to Rp_dark. For the description of the code refer 

chapter 4.1.6. 
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5 

 FINAL RESULT OF EXTRACTION 
 (Worksheet Main) 

 

When the extraction of all the parameters is finished, the last task would be to assign the 

appropriate values to the parameters. The code for assigning the values to the parameters is 

as follows,   

 

'Main 
Sheets ("Simulation_2dioden").Activate 
ID = ActiveSheet.Cells (7, 25).Value 
Sheets ("Main").Activate 
ActiveSheet.Cells (3, 3).Value = ActiveSheet.Cells (5, 8) 
ActiveSheet.Cells (4, 3).Value = ActiveSheet.Cells (8, 8) 
ActiveSheet.Cells (5, 3).Value = ActiveSheet.Cells (7, 8) 
ActiveSheet.Cells (6, 3).Value = ActiveSheet.Cells (10, 8) 
ActiveSheet.Cells (7, 3).Value = ID 

 

 The description of the above code is as follows, 

a. The very first code is used to switch the simulation to the worksheet 

‘Simulation_2dioden’ and then the value of the cell Y7, which is the value of I-diode, 

is assigned to ID. 

b. Then the simulation is switched back to the worksheet ‘Main’ in order to assign the 

appropriate values from the column H to column C. 

c. The value of the cell H5 (Rho_dark) is assigned to the cell C3, which is the required 

Parallel Resistance.  

d. The value of the cell H8 (r_wire) is assigned to the cell C4, which is the required 

Series Resistance. 

e. The value of the cell H7 (Ideality) is assigned to the cell C5, which is the required 

Ideality factor, n. 

f. The value of the cell H10 (Cont-Prob.) is assigned to the cell C6, which is the required 

Contact Probability.  

g. The value of ID is assigned to the cell C7, which is the required I-diode. 
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When the whole Simulation process is completed, the Simulation displays the worksheet 

‘Main’ which appears as shown in the figure below (figure 5.1) with all the required 

parameters extracted. 

During the simulation process, all the worksheets present in the file are used. Accordingly, 

there would be switching of all the worksheets as and then they are used. This switching of 

the worksheets consumes a lot of processing speed, which results in a lot of time 

consumption. For now, the whole simulation process to extract all the parameters for one 

single set of measurement (Dark and Light) takes around 20 minutes.   

 

 

Figure 5.1 
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5.1 Simulation-User: (User workbook) 

    In order to reduce the time period of the simulation, all the worksheets except for the 

control worksheet ‘Main’ are hidden (refer figure 5.2). So that, there is no more switching of 

the worksheets. This reduces around 6-7 minutes of time. So now the total time consumed 

to extract one single set of measurement would be around 12-13 minutes.  

 

 

 

Figure 5.2 

 

    This workbook is named as Simulation-User. There would be no technical error while the 

worksheets are hidden and moreover the other worksheets are not necessarily to be seen 

by the user. This workbook consists of 2 worksheets, namely Main and Graph. The working 

procedure of this workbook (Simulation-User) is similar to the previous one. For the working 

procedure and instructions of using the worksheet ‘Main’ refer chapter 3.1. The new 

worksheet Graph is the graphical representation of the Simulation and Measured data.       
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5.2 Optimization (Future work) 

 

    The time consumed for the extraction of all the parameters by automated simulation is 

around 20 minutes for one single set of measurement data. This has been optimized upto 7 

minutes by hiding all the worksheets except for the worksheet ‘Main’ (refer chapter 5.1). So, 

now the total time taken for extracting all the parameters is around 13 minutes. This can 

further still be optimized by various methods. Below are the few possible techniques to 

optimize the automated simulation process in a better way, 

a. There are many unused columns in the excel sheet ‘Simulation_2dioden’ which can 

be deleted to save little bit of processing time, as it would consume little bit of 

calculating time even.  

b. The equations used to calculate the values in the columns could be simplified, which 

would save a lot of calculation time and decrease the simulation time. 

c. The sweeping ranges of the parameters could be minimized.  

d. Good Visual basic programming could reduce the working time of the simulation.  

e. Automated extraction of the parameters Epsilon_r, Contact Probability and tau. 

f. Shifting all the codes to one excel sheet would reduce the switching of Excel work 

sheets.  

g. Apart from all these, the whole simulation program could be developed by using a 

good technical tool, instead of Excel. In general, all technical tools are much faster 

when compared with Microsoft Excel.  
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6 

SIMULATION-EXTRA 

 

6.1 General Description 

One of the main drawbacks of this simulation program is time consumption. It takes 

approximately 15 minutes to fit one set of measurement and display the final result. So, 

either a person has to be always dedicated to run the simulation program by not wasting 

the time of the researchers or the researchers should run the program by themselves which 

would kill most of their time. To overcome this problem an extra code has been embedded 

in the simulation program that can simulate and display hundreds of measurements by 

clicking one button, which has been named as “Simulation-Extra”. For which two additional 

worksheets have been added, ‘Result’ and ‘Measurement’.  

 

Figure 6.1 
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In this program a new button ‘Fit All’ has been added as can be seen in the figure 6.1. By 

clicking that button, the program starts running and depending upon the number of 

measurements it would take appropriate time to display the results. The user should define 

the number of Rows and Columns that would be used in the ‘Measurement’ worksheet so 

that the program runs within that loop.  

 

6.2 Worksheet ‘Measurement’ 

We can load 1 or 2 or 3 or ……… n set of measurements in a sheet. By filling up the user 

defined option ‘Rows’ and ‘Columns’ in the worksheet ‘Main’ the limits of the program loop 

are defined, which makes the simulation program to run only until that particular row and 

column. The Dark and Light measurements are loaded in the worksheet ‘Measurement’ as 

shown in the figure 6.2. The description of the ‘Simulation-Extra’ code is explained in the 

chapter 6.4. 

 

Figure 6.2 
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6.2.1 Explanation of the code 

The visual basic program code for running the data in the worksheet ‘Measurement’ is as 

follows, 

Column1 = 1 
column2 = 2 
Column3 = 3 
column4 = 4 
column6 = 6 
column7 = 7 
column8 = 8 
column9 = 9 
clm = 2 
'Number of Rows and Columns 
Sheets("Main").Activate 
mes = ActiveSheet.Cells(16, 3).Value 
loddata = ActiveSheet.Cells(17, 3).Value 
'End 
While column9 < (loddata + 1) 
Sheets("Measurment").Activate 
Row = 4 
Do While Row < (mes + 1) 
ActiveSheet.Cells(Row, Column1).Value = ActiveSheet .Cells(Row, 
column6) 
ActiveSheet.Cells(Row, column2).Value = ActiveSheet .Cells(Row, 
column7) 
ActiveSheet.Cells(Row, Column3).Value = ActiveSheet .Cells(Row, 
column8) 
ActiveSheet.Cells(Row, column4).Value = ActiveSheet .Cells(Row, 
column9) 
Row = Row + 1 
Loop 
 

The working procedure of the above code is as follows, 

a. Initially a few default values for the columns are assigned.  

b. Then the simulation is deviated to the worksheet ‘Main’ to read the user defined 

values ‘Rows’ and ‘Columns’ and those values are used as the limits for looping the 

simulation program.  

c. As can been seen in the above program, the ‘while’ loop can be executed only when 

the condition “column9 < (loddate+1)” is satisfied.  

d. When the condition is satisfied, the simulation enters the worksheet ‘Measurement’ 

where accordingly the data in the columns are chosen for curve fitting. 

e. And finally the value of ‘row’ is incremented. This loop runs until the row number 

mentioned in the worksheet ‘Main’. 

And from here the whole simulation program follows as mentioned in the chapters 3 and 4.  
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6.3 Worksheet ‘Result’ 

After the curve fitting procedure is finished, the program diverts all the results in this 

worksheet. The parameter values of each measurement are displayed in the corresponding 

positions as shown in the figure 6.3. 

 

 
Figure 6.3 

 

6.3.1 Explanation of the code 

Rp = ActiveSheet.Cells(3, 3).Value 
Rs = ActiveSheet.Cells(4, 3).Value 
n = ActiveSheet.Cells(5, 3).Value 
Cp = ActiveSheet.Cells(6, 3).Value 
ID = ActiveSheet.Cells(7, 3).Value 
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Sheets("Result").Activate 
r = 3 
ActiveSheet.Cells(r, clm).Value = Rp 
r = r + 2 
ActiveSheet.Cells(r, clm).Value = Rs 
r = r + 2 
ActiveSheet.Cells(r, clm).Value = n 
r = r + 2 
ActiveSheet.Cells(r, clm).Value = Cp 
r = r + 2 
ActiveSheet.Cells(r, clm).Value = ID 
 
column6 = column6 + 4 
column7 = column7 + 4 
column8 = column8 + 4 
column9 = column9 + 4 
clm = clm + 1 
 
The working procedure of the above code is as follows, 

a.  Initially all the values of the required parameters calculated are assigned to the 

variables.  
b.  The simulation is next deviated to the worksheet ‘Result’, and then all the values 

assigned to the variables are put in the concerned cell by incrementing the row 

number for each step. 
c.  At last all the column numbers are incremented by ‘+4’ inorder to fit the next set of 

the measurement curve. 
 

In this way, all the measurement data is fitted one after the other. The time taken to finish 

the whole simulation depends on the measurement data loaded.  

 

If one wants to measure a data containing 100 set of measurements, has to load all the data 

in the worksheet ‘Measurement’ and then click the button ‘Fit All’ located in the worksheet 

‘Main’ and leave the computer for two to three hours (depending on the processor speed of 

the computer). Once the measurement is done, all the results are displayed in the 

worksheet ‘Result’. This process could reduce a lot of time for a researcher.  
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7 
Results and Discussions 

 

7.1 Technical Tools and Software 

7.1.1 P-Spice: 

      P-Spice (Personnel Computer-Simulation Program with Integrated Circuit Emphasis), was used 

initially for designing an automated simulation program to extract the required parameters 

for an Organic Solar Cells. In this tool after designing and running the program, the 

measured data has to be compared with the simulation data. This interpolation/comparison 

is not possible in P-spice. For acquiring the required result, another software has to be used 

for interpolation and imported back to P-spice. This process of exporting and importing the 

data and using two different softwares would lead to high computer processing speed and 

time consumption. This resulted in choosing a new technical tool ‘Aim-Spice’.   

  

7.1.2 Aim-Spice: 

     Aim-Spice (Automatic Integrated Circuit Modelling- Simulation Program with Integrated 

Circuit Emphasis), was used for interpolation of measured and simulation data in the same 

tool. In this regard Aim-Spice was successful. But as the main aim of the project is to design 

a automated simulation with a ‘one Button’ click solution, which is not possible in Aim-

Spice. As a result, to over come this problem a new tool ‘Visual Basics’ has been chosen for 

designing this program.  

 

7.1.3 Visual Basics: 

      Visual basics is more a software tool, which has been used to design this automated 

simulation program. The main reasons for choosing this tool to work on this project are,  

1. This tool can meet the required necessities (The ‘One Button click’ solution).  

2. The previous work of this project was carried out on the same tool, which would 

make the designed program run in a better way. 

3. More over the tool used to design the automated simulation program has to be 

compatible with the software ‘Lab-view’ and in this regard this tool has succeeded.  
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The main platform used for designing this program is ‘Microsoft Excel’ in which the tool 

‘Visual Basics’ is embedded within Excel. Because of this embedded tool in Excel, it made 

the program to run in a much simpler and better way.  

 

7.2 Conclusion 

The main aim of this project was to design an automated simulation program, which was 

succeeded in this regard.  Konarka Technologies had few specifications for this projects 

which are as follows,  

a. A user-friendly simulation program has to be designed. This was achieved by 

designing the program using Microsoft Excel with few buttons, which is very much a 

user friendly model of the simulation program. 

b. ‘One button click’ solution. As can be seen in the figure 6.1, a simple button has been 

designed which leaves the simulation results just one button click away.  

c. The company preferred to design the simulation program by using cheaper software. 

This specification was succeeded by using Microsoft Excel, where there is no need 

for the licence extension of this software every year compared to ‘Mat lab’ or other 

technical tools. This proves it to be a cheaper tool compared to others. 

d. Finally, the new updated program ‘Simulation Extra’ has been designed which would 

save a lot of time for the researchers while extracting the parameters.  (refer chapter 

6).  
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