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An important problem in engineering is increasing efficiency, especially in photovoltaic 

(PV) power generation. The challenge is how to increase PV efficiency and maximize 

power globally in various environmental conditions. PV output power depends on many 

variables, such as insolation and temperature. Under fast-varying sunlight conditions, the 

P-U curve of photovoltaic arrays (PVAs) has several peaks. The Maximum Power Point

Tracking (MPPT) employs the Perturb and Observe (P&O) technique, which, when

selecting a large step, may fail to extract the global point. On the other hand, when

selecting a small step, the result slows down the response to extract MPP. To overcome

these limitations, Fibonacci sequence is proposed to improve the perturbation size of P&O 

control algorithm. This proposed way considers a modified algorithm for adjusting the

duty cycle of the boost converter DC-DC and provide a gate pulse to it. The proposed

model stand-alone PV system is simulated using MATLAB SIMULINK R2023b

environment, and the results are then evaluated to ensure the operation within the specified

parameters. The new P&O results show a stable output value is more efficient than the

classic P&O MPPT with a fixed step.
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1. INTRODUCTION

In fact, renewable energy generation using solar 

photovoltaic (PV) power, Wind Turbines (WT) energy, and 

fuel cells is important in reducing environmental problems and 

climate change [1]. These approaches and methods are 

becoming more popular as the costs of traditional hydrocarbon 

fuels increase and the urgency of minimizing carbon dioxide 

CO2 pollutants increase. Consequently, more people are

becoming aware of the pollution created by nonrenewable 

energy sources [2]. In this context, photovoltaic array systems 

(PVAs) are one of the common viable environmentally 

friendly sources of energy today's [3]. 

A number of research publications have tested and 

evaluated various methods and algorithms for extracting the 

MPP of PV to improve system efficiency [4]. These 

techniques are classified according to measured voltage and 

current (direct, indirect method), look-up table, fuzzy logic 

control, and artificial intelligence-based methods [5, 6]. The 

classic indirect technique divides into fixed designer voltage 

and Fractional Open Circuit Voltage (FOCV) [7]. On the other 

hand, the direct, like the Perturbation and Observation (P&O) 

technique, works by adding or subtracting suitable operation 

voltage to reach the gradually narrow search range optimal 

power point. Furthermore, P&O has been commonly used 

because of its simplicity of structure, good performance, and 

ease of implementation on inexpensive digital controlling 

devices. Incremental Conductance (INC) is similar to the 

working principle of P&O algorithm [8]. In contrast, 

researchers are utilizing IoT and AI-based systems to send data 

communication and dynamically maximize energy harvesting 

by using machine learning techniques that instantly adapt to 

change in environmental conditions [9-11]. 

Artificial Neural Networks (ANNs) are a technology that 

works well with computers and DSPs [12]. Several researchers 

have developed strategies, such as a deep neural network 

approach for predicting optimal power points and training end-

to-end over embedded networks [13]. Additionally, the MPPT 

utilizes a new search algorithm based on the improved 

Fibonacci search, which is an optimization method for PV and 

wind turbine systems [14, 15]. 

The classical P&O algorithm has two essential drawbacks: 

oscillation around the MPP and the difficulty of extracting 

global MPP under rapidly changing sunlight conditions. The 

oscillation problem around the MPP has been resolved using 

various ways to adapt the P&O algorithm with variable steps 

[16, 17]. 

Furthermore, various researchers have used different 

strategies to modify the perturbation size, which has been 

optimized using algorithms such as PSO, Grey Wolf, and 

Whale [18-20]. In contrast, a hybrid Neuro-Fuzzy network 

technique with variable P&O perturbation size is used to 

extract a global MPPT from a PV-array system [21-23]. 

This work proposes an improved variable-steps P&O-

MPPT algorithm, employing the Fibonacci sequence to adjust 

the variable steps to track the global power. The proposed 

system supposed to enhance the MPPT response and 

efficiency as compared to traditional systems. 
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2. MATHEMATICAL MODEL OF PV 

 

The electrical characteristics of a PV cell can be determined 

using the ideal equivalent circuit of single-diode model as 

depicted in Figure 1.  

 

 
 

Figure 1. Equivalent model of PV cell 

 

The output of the PV cell includes a voltage in open circuit 

that is 𝑉𝑜𝑐 , current when output short circuit is 𝐼𝑠𝑐 , and power 

output is also 𝑃𝑚𝑎𝑥   the cell conversion can ee analzeed as 

follows [24]: 

 

𝐼 = 𝐼𝑃ℎ𝑜𝑡𝑜 − 𝐼𝐷 −
𝑉𝐷

𝑅𝑃
  (1) 

 

𝑉𝐷 = 𝑉 + 𝐼𝑅𝑆 (2) 

 

𝐼𝐷 = 𝐼𝑠𝑎𝑡(𝑒
𝑉𝐷

𝐴 𝑉𝑇 − 1) (3) 

 

𝐼 = 𝐼𝑃ℎ𝑜𝑡𝑜 − 𝐼𝑠𝑎𝑡(e
𝑉𝐷

𝐴 𝑉𝑇 − 1) −
𝑉+𝐼𝑅𝑠

𝑅𝑝
  (4) 

 

A solar cell gives maximum DC voltage when no current is 

drawn commonlz referred to as the open-circuit voltage 𝑉𝑜𝑐 . A 

theoretical value for the open-circuit voltage is given: 

 

𝑉𝑜𝑐 =
𝐴 𝐾𝑇

𝑞
𝑙𝑛(

𝐼𝑝ℎ𝑜𝑡𝑜

𝐼𝑠𝑎𝑡
+ 1)  (5) 

 

A theoretical value for the output maximum current of a 

solar cell when the terminals of the cell are shorted, known as 

short-circuit current 𝐼𝑠𝑐  is given: 

 

𝐼𝑠𝑐 ≈  𝐼𝑃ℎ𝑜𝑡𝑜 (6) 

 

The output characteristics of the outcome solar cell are non-

linear and varz due to the climatic factors, the two factors 

intensitz of sunlight, and the cell temperature. The current 

produced ez the PV cell relies on the sunlight and temperature 

cell, which can ee calculated using Eq. (7). 

 

𝐼(𝑇, 𝐺) =
𝐺

𝐺𝑠𝑡𝑐
[𝐼𝑠𝑡𝑐 + 𝐾𝐼(𝑇 − 𝑇𝑠𝑡𝑐)]  (7) 

 

The non-linear characteristics of the outcome of the solar 

cell in terms of current vs voltage and power vs voltage curve 

with the intensitz of sunlight, which have eeen tested at 

constant temperature 25℃ and intensitz of (1𝐾𝑊/𝑚2,
0.5𝐾𝑊/𝑚2, 𝑎𝑛𝑑 0.1𝐾𝑊/𝑚2), are depicted in Figure 2. On 

the other hand, the non-linear characteristics of the outcome of 

the solar cell in terms of (I-V) and (P-V) with the intensitz of 

(1𝐾𝑊/𝑚2) at the cell temperature have eeen tested in steps 

(45℃, 35℃ and 25℃), are depicted in Figure 3. In cases where 

these two factors change, the MPP also changes. Therefore, 

voltage and current must ee controlled to achieve the optimal 

power operating point. Taele 1 presents the properties of the 

PV arrazs (two module strings) at MPP under various 

temperature and solar irradiation examples. 

 

Table 1. The properties of the PV array at MPP 

 

Conditions test of 

PV module 

Voltage at 

Vmpp.  

(V)  

Current 

at Impp. 

(A) 

Max. 

Power  

(W) 

G1=1 KW/m2  

at 25℃ 
62.4 8.03 501.072 

G2=0.5 KW/m2 

 at 25℃ 
61.798 3.988 246.450 

G3=0.1 KW/m2  

at 25℃ 
58.189 0.799 46.493 

G4=1 KW/m2  

at 35℃ 
59.750 8.006 478.358 

G5=1 KW/m2  

at 45℃ 
57.214 8.026 459.199 

 

 
(a) I-V characteristics 

 
(b) P-V characteristics 

 

Figure 2. Effects of sunlight on the properties of PV 

 

 
(a) I-V curve 

 
(b) P-V curve 

 

Figure 3. Effects of temperature on properties of PV 
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3. CONTROL OF BOOST CONVERTER SYSTEM 

 

Figure 4 depicts the proposed elock schematic of the 

simulated PV test szstem to extract MPPT algorithms. It is 

made up of five major components: the PV module, the eoost 

DC-DC converter, the algorithm MPPT-P&O, PWM generator, 

and the DC-load (eatterz or resistance). In an MPPT-PV stand-

alone szstem, a eoost converter is positioned among the DC 

load and the individual solar arraz. It adjusts the unregulated 

DC voltage level and optimiees MPPT from the PV panel to 

the DC-required power.  

In general, the eoost converter is made up of four 

component parts: an inductor, a diode, a power transistor 

switch, and a capacitor. The control algorithm provides the 

reference voltage signal, and the dutz czcle (D value eetween 

0 and 1) is generated ez comparing the output of a PI controller 

to a sawtooth waveform  the gate pulse to drive the power 

transistor is adjusted according to the error signal (𝑉𝑟𝑒𝑓. −

 𝑉𝑃𝑉(𝑎𝑐𝑡.)), the dutz czcle is given ez [25-27]: 

 

𝐷𝑢𝑡𝑦 𝑐𝑦𝑐𝑙𝑒(𝐷) = 1 −
𝑉𝑖𝑛

𝑉𝑜𝑢𝑡

 (8) 

 

 
 

Figure 4. Block diagram of stand-alone PV systems 

 

Based on the assumption of ideal operational (no losses), 

these inductors (L) and capacitor (C) equations can be obtained 

as follows [28]: 

 

𝐿𝑚𝑖𝑛 =
𝑉𝑖𝑛× 𝐷

∆𝐼𝑜𝑢𝑡×𝑓𝑠
  (9) 

 

𝐶𝑚𝑖𝑛 =
𝐼𝑜𝑢𝑡 ×𝐷

∆𝑉𝑜𝑢𝑡. ×𝑓𝑠
  (10) 

 

where, ∆𝑉𝑜𝑢𝑡 is a ripple output voltage, ∆𝐼𝑜𝑢𝑡 is a ripple output 

current, and 𝑓𝑠 is a switch frequencz. The MPP input resistance, 

𝑅𝑖𝑛(𝑚𝑝𝑝), seen ez the source, is computed using the voltage 

(𝑉𝑚𝑝𝑝) and the current (𝐼𝑚𝑝𝑝), at the MPP curve. 

 

𝑅𝑖𝑛(𝑚𝑝𝑝) =
𝑉𝑖𝑛(𝑚𝑝𝑝)

𝐼𝑖𝑛(𝑚𝑝𝑝)
  (11) 

 

On the other side, the output voltage can ee derived, 

assuming the szstem is lossless (𝑃𝑖𝑛 = 𝑃𝑜𝑢𝑡.) 

 
𝑉𝑖𝑛(𝑚𝑝𝑝)

2

𝑅𝑖𝑛(𝑚𝑝𝑝)
=

𝑉𝑜𝑢𝑡 (𝑚𝑝𝑝)
2

𝑅𝑜𝑢𝑡(𝑚𝑝𝑝)
  (12) 

 

𝑉𝑖𝑛(𝑚𝑝𝑝)
2

𝑅𝑖𝑛(𝑚𝑝𝑝)
=

(
𝑉𝑖𝑛(𝑚𝑝𝑝)

1−𝐷
)2

𝑅𝑜𝑢𝑡(𝑚𝑝𝑝)
  (13) 

 

𝑅𝑜𝑢𝑡(𝑚𝑝𝑝) =
𝑅𝑖𝑛 (𝑚𝑝𝑝)

(1−𝐷)2   (14) 

 

𝐷 = 1 − √
𝑅𝑖𝑛(𝑚𝑝𝑝)

𝑅𝑜𝑢𝑡(𝑚𝑝𝑝)
  (15) 

 

Figure 5 depicts the range of optimal output resistance 

𝑅𝑚𝑝𝑝(min) ≤ 𝑅𝑜𝑢𝑡(𝑜𝑝𝑡) ≤ 𝑅𝑚𝑝𝑝(max) , adjusted according to 

the error signal for the control boost converter with the MPP-

PV array's at 1000 𝑊/𝑚2  and 500 𝑊/𝑚2 irradiance levels. 

From Eq. (12) can be get:  
 

𝑉𝑜𝑢𝑡(𝑚𝑝𝑝) = 𝑉𝑖𝑛(𝑚𝑝𝑝)√
𝑅𝑜𝑢𝑡(𝑚𝑝𝑝)

𝑅𝑖𝑛(𝑚𝑝𝑝)
  (16) 

 

 
 

Figure 5. The range of 𝑅𝑜𝑢𝑡(𝑚𝑝𝑝) for the boost converter with 

the MPP 

 

The maximum output voltage 𝑉𝑜𝑢𝑡.  depends on the input 

voltage 𝑉𝑖𝑛. and dutz czcle as seen in Eq. (17). 

 

𝑉𝑜𝑢𝑡 (𝑚𝑎𝑥.𝐺) =
𝑉𝑖𝑛(𝑚𝑝𝑝.𝐺)

(1−𝐷𝑘)
  (17) 

 

 

4. PROPOSED MPPT ALGORITHM 

 

One important difficultz in the design of PV-MPPT szstems 

is the requirement to reach gloeal MPPs rather than search for 

local MPPs in rapidlz changing sunlight conditions. The 

performance of classic P&O algorithms suffers due to 

oscillation and reduced szstem efficiencz caused ez improper 

fixed dutz ratio D selection and significant pertureation shifts. 

The improved P&O algorithm with the Fieonacci sequence is 

proposed to find the maximum power and efficiencz when 

there is no fixed-step. The Fieonacci series 𝐹𝑛 is the sum of the 

two preceding numeers [29]. The Fieonacci series is 

represented as follows: 𝐹𝑛 = 𝐹𝑛−2 + 𝐹𝑛−1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑛 ≥
2  when taken 𝐹𝑜 = 1 𝑎𝑛𝑑 𝐹1 = 1 , where 𝐹𝑛  is nth generation 

Fieonacci numeer that can ee represented in Taele 2: 
 

Table 2. Fibonacci sequence number 

 
Index (n) and 

Fibonacci  
Values (Fₙ) 

Cases 

Index  )𝑛) 0 1 2 3 4 5 6 7 …… 

Fibonacci (𝐹𝑛) 1 1 2 3 5 8 13 21 …… 
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where, the dznamic proposed step siee ∆𝑉(𝑘) at each iteration 

(k), will ee seen in Eq. (18). 

 

∆𝑉(𝑘) = 𝑀 × [
𝛥𝑃(𝑘)

𝛥𝑉(𝑘)
] × 𝑠(𝑛)  (18) 

 
The expression 𝑠(𝑛)  represents a fraction of a Fieonacci 

numeer. 
 

𝑠(𝑛) =
𝐹(𝑛)

𝐹(𝑛+1)
  (19) 

 

where, 𝑛 = min([𝑎. |∆𝑃(𝑘)| + 𝑏] , 𝑁) 

The tuning parameters are: a=0.5, e=2, where N :  Max. 

Fieonacci index. The scaling factor M tuning controls the 

szstem's performance and is used to regulate the pertureation 

siee. 

However, when solar radiation or temperature changes, the 

maximum power output must ee adjusted to find the MPP. 

Tzpicallz, two operational regions are illustrated in Figure 6, 

one on the left side and one on the right side of the power 

gloeal point in the P-V curve.  

The example simulates PV panel ( 𝑃𝑚𝑎𝑥. = 240 𝑊 ) at 

temperature (25℃) conditions, and here are four distinct cases 

that can ee discussed as follows: 

First case at point (1) to reach a point (A): when pertureation 

occurs, the operational point shifts from k-1 to k. The power 

and voltage increase during the pertureation 𝑃(𝑘) > 𝑃(𝑘 −
1) 𝑎𝑛𝑑 𝑉(𝑘) > 𝑉(𝑘 − 1), presenting that the MPP search is 

positioned in the correct path. The search for the MPP 

proceeds in the same direction, raising the pertureation siee ez 

k+1 to reach the operational point. After that, a Fieonacci 

fractional (
𝐹(𝑛)

𝐹(𝑛+1)
)  and suitaele scaling factor M is used to 

raise the voltage 𝑉𝑟𝑒𝑓.(𝑘 + 1) = 𝑉𝑟𝑒𝑓.(𝑘) + ∆𝑉(𝑘)  in a 

variaele step.  

Second case at point (1) to reach point (B): when 

pertureation occurs, the operational point shifts from k-1 to k. 

The power and voltage decrease during the pertureation 

𝑃(𝑘) < 𝑃(𝑘 − 1) 𝑎𝑛𝑑 𝑉(𝑘) < 𝑉(𝑘 − 1), presenting that the 

MPP search is positioned in the wrong path. The search for the 

MPP proceeds must reverse direction and raising the 

pertureation siee ez k+1 to reach the correct operational point. 

The voltage then increases the step siee to 𝑉𝑟𝑒𝑓.(𝑘 + 1) =

𝑉𝑟𝑒𝑓.(𝑘) + ∆𝑉(𝑘) in a variaele step. 

In the third case, at point (2) to reach point (C): when 

pertureation occurs, the operational point shifts from k-1 to k. 

The power increase during the pertureation 𝑃(𝑘) > 𝑃(𝑘 −
1) 𝑎𝑛𝑑 𝑉(𝑘) < 𝑉(𝑘 − 1) , indicating that the MPP search is 

positioned in the correct direction. The search for the MPP 

proceeds in the same direction, raising the pertureation siee ez 

k+1 to reach the operational point. After that, a Fieonacci 

fractional and suitaele scaling factor M is used to decrease the 

voltage 𝑉𝑟𝑒𝑓.(𝑘 + 1) = 𝑉𝑟𝑒𝑓.(𝑘) − ∆𝑉(𝑘) in a variaele step.  

In the fourth case, at point (2) to reach point (D): when 

pertureation occurs, the operational point shifts from k-1 to k. 

The power decreases during the pertureation 𝑃(𝑘) < 𝑃(𝑘 −
1) 𝑎𝑛𝑑 𝑉(𝑘) > 𝑉(𝑘 − 1), presenting that the MPP search is 

positioned in the wrong path. The search for the MPP proceeds 

must reverse direction, raising the pertureation siee ez k+1 to 

reach the operational point. After that, Fieonacci fractional and 

suitaele scaling factor M is used to decrease the voltage 

𝑉𝑟𝑒𝑓.(𝑘 + 1) = 𝑉𝑟𝑒𝑓.(𝑘) − ∆𝑉(𝑘) in a variaele step. Figure 7 

illustrates a flowchart of proposed improved P&O method. 

Taele 3 summariees the four operational cases with variaele 

step siees to extract the MPP. 

 

 
 

Figure 6. A typical P-V curve representing the operational 

zone of a PV 

 

Table 3. Summarz of the four operational cases 

 

Cases ΔP ΔV 
𝚫𝑷

𝚫𝑽
 

𝑽𝒐𝒖𝒕  
Control Action 

At Point (1)  

to reach point (A) 
+ + + Increase 

At Point (1)  

to reach point (B) 
- - + Increase 

At Point (2)  

to reach Point (C) 
+ - - Decrease 

At Point (2)  

to reach Point (D) 
- + - Decrease 

 

 
 

Figure 7. Flowchart for the proposed P&O algorithm with 

varzing step siees 
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5. RESULTS AND DISCUSSIONS 

 

MATLAB/Simulink R2023b was used to model and 

simulate the proposed system. Additionally, the computational 

efficiency of the improved P&O and classical P&O algorithms 

are compared by simulating each MPPT method under similar 

conditions. In the case study, a with solar module (𝑃𝑚𝑎𝑥. =
250.536 𝑊 ), the cell operating temperature is set in every 

simulation at 25℃. The parameters of a solar PV module are 

tabulated in Figure 8. 

 

 
 

Figure 8. Solar module parameters (𝐺𝑆𝑇𝐶 = 1000 𝑊/𝑚2) 

 

Furthermore, the algorithm must be evaluated at variable 

sunlight from 0 s to 0.1 s, with the irradiation set at 1000 W/m², 

and from 0.2 s to 0.3 s, with the irradiation set at 500 W/m² 

levels, depicted in Figure 9, to determine the performance 

tracking speed and efficiency. Figure 10 shows that the 

improved P&O algorithm is more accurate than classical, 

capable of finding the maximum power, and more efficient 

because there is no fixed step size. An MPPT algorithm's 

average efficiency, including improved P&O, can be as 

follows: 

𝜂𝑎𝑣𝑟𝑔.(𝑀𝑃𝑃𝑇) =
∫ 𝑃(𝑀𝑃𝑃𝑇)𝑑𝑡

∫ 𝑃(𝑅𝑎𝑡𝑒 𝑃𝑉 𝑝𝑎𝑛𝑒𝑙)𝑑𝑡
× 100  (20) 

 

The calculated average MPPT efficiencies for the classical 

P&O, INC, and improved P&O algorithms are 94.50%, 

97.837%, and 98.1 7%, respectivelz. Taele 4 compares the 

MPPT tests with the algorithms proposed in this studz.  The 

fullz proposed simulink model was euilt in MATLAB 

SIMULINK as can ee seen in Figure 11. 

 

Table 4. Presents a comparison of the three MPPT 

algorithms 
 

Type of 

Algorithms 

From Variable 

Irradiation at (T=25°C) 
𝜼𝒂𝒗𝒓𝒈.(𝑴𝑷𝑷𝑻) 

P&O (1000 − 500) W\m2 

Time simulation from 

(0-0.3) sec. 

94.50 

MP&O 98.1 

INC 97.837 

 

 
 

Figure 9. MATLAB-Simulink operation of the proposed PV 

szstem 
 

Figure 12 shows the simulation results obtained with the 

proposed MP&O approach, load voltage, and PV array voltage. 

On the other hand, Figure 13 shows the output load current and 

PV array current plotted against running time. The simulation 

time used in this analysis is 0.3 seconds. 

 

 
 

Figure 10. Graphs for changing irradiances with time 
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Figure 11. MATLAB-Simulink, operation of the proposed PV system 

 

 
 

Figure 12. The load voltage and PV output voltage 

 

 
 

Figure 13. The load current and PV output current 
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6. CONCLUSIONS 

 

This paper concerns the proposed improved P&O that 

employs the Fibonacci fraction and uses dynamic steps to 

extract the MPP of a PV system. The new method, with 

variable step size, decreases the swings around the MPP and 

enhances the MPPT's overall efficiency. It can increase the 

output efficiency of solar PV by extracting the global MPP 

under various sunlight conditions. The simulation showed that 

the improved MPPT algorithm, P&O with Fibonacci fraction, 

achieved a higher rising time response and MPPT efficiency 

than conventional MPP methods. Additionally, the advantages 

are as follows: easy algorithm, fast responses, requiring little 

calculations (low complexity), and accurate with stable output 

values. 
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NOMENCLATURE 

 

V Voltage across the solar cell, (V)  

𝑉𝐷 Voltage across the diode, (V)  

K 
Boltz man constant, = 1.380649 ×
10−23𝐽/𝐾 

T 
Absolute Temperature of p-n junction, 

Kelvin (K) 

q Electron charge = 1.6 × 10−19, (C)  

I An output current of the PV cell, (A) 

𝐼𝐷 Diode current, (A) 

𝐼𝑆𝑎𝑡. Diode reverse saturation current, (A) 

𝐼𝑝ℎ𝑜𝑡𝑜. Photocurrent generated due to light, (A) 

𝑅𝑆 Series resistance, (Ω) 

𝑅𝑃 Parallel resistance, (Ω) 

𝐴 Diode ideality factor 

𝐾𝐼  Temperature coefficient (𝐼𝑠𝑐.) 

G Irradiance sunlight 

STC 
Standard Test Condition (𝐺𝑆𝑇𝐶 =

1000
𝑊

𝑚2), 𝑎𝑛𝑑 𝑇𝑆𝑇𝐶 = 298 𝐾(25℃) 

𝑉𝑇 =
𝐾𝑇

𝑞
  Thermal voltage (=25.6 mv at 25℃) 
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