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Abstract: This paper describes a prototype design of a maximum power peak tracking controller 

for a solar cell array embedded on a wing of UAV. Solar cells are used to both cover part of the 

UAV power consumption and (at suitable conditions) to charge onboard battery. As the UAV 

changes its position and attitude to the sun relatively fast, the lighting conditions on the solar cells 

change rapidly. Thus, it is necessary to implement a fast maximum power peak tracking controller 

to ensure maximum efficiency of the system. The proposed design is based on commercial 

off-the-shelf components. The implemented DC/DC converter, which represents the core of the 

regulator, is a combination of a step‑ up and a step‑ down converter. Weight, dimensions end 

overall efficiency were the key optimization parameters of the design. 
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1 INTRODUCTION 

Goal of this paper is to design a prototype of a controller, that tracks Maximum Power Point 

(MPPT; Maximum Power Point Tracking) of solar cells for use in UAV (Unmanned Aerial Vehi-

cle) to cover power consumption of onboard electronics, or at suitable conditions, for charging 

onboard batteries during flight. Due to relatively rapid changes in the UAV position, it is necessary 

to have a rapid tracking of maximum power point with response time less than 1 second. Maximum 

power point of solar cells changes its position depending on the current lightning conditions on the 

solar cell. Equally important is also the overall size, weight and efficiency of the final solution, be-

cause the available space in the UAV is quite limited. 

2 SOLAR CELLS 

The V-I characteristics is used to define the properties of solar cells. It is a graphical interpretation 

of the load characteristics of the solar cell. There are important points, which characterize each so-

lar cell under certain working conditions. When the V-I characteristics is displayed with the V-P 

characteristics in one plot, it shows Maximum Power Point (MPP), at the point of breaking in the 

V-I curve [1]. 

 

Figure 1: V-I and V-P characteristics of the solar cell 
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Characteristic points of the solar cell 

ISC  Short circuit current at zero output voltage 

IMPP  Current in MPP 

VMPP Voltage in MPP 

VOC  Open circuit voltage at zero output current 

PMAX Maximal output power in MPP 

3 DESIGN OF MPPT CONTROLLER 

Currently, Li-Ion SONY VTC6 onboard batteries in 4S5P configuration are used in the UAV. 

Those batteries comes in the 18650 size with maximum output voltage of 4.2 V/cell with maximum 

charging current of 4 A [2]. So maximum output voltage of 4-cell battery pack is 16.8 V. After im-

plementation of solar cells into wing, the battery pack will shrink down to 4S3P configuration. This 

change saves 400 grams of weight, which will be divided into weight of solar cells in the wing, 

weight of cables and weight of the MPPT controller. Final weight of the MPPT controller is re-

quired to be lower than 50 g, with dimension limits 67x67x37 mm, which corresponds to the di-

mensions of saved Li-Ion battery pack in 4S1P configuration. 

 

Figure 2: Block diagram of the MPPT controller 

3.1 MPPT CONTROLLER SM72442 

This integrated circuit (IC) made by Texas Instruments controls switching of MOSFET transistors 

connected in H-bridge configuration via H-bridge driver through 4 PWM signals. Response time of 

its MPPT algorithm is 10 ms. This IC contains 8-channel 12-bits AD converter used for sensing in-

put, output and configuration parameters. SM72442 also includes I2C communication interface to 

enable reading of current input and output currents and voltages and change its configured parame-

ters [3]. 

3.2 H-BRIDGE DRIVER SM72295 

This IC is also made by Texas Instruments. Its main function is to drive 4 N-channel MOSFET 

transistors connected in the H-bridge configuration. It provides up to 3 A of peak gate drive current 

for fast switching of the transistors. It also contains 2 integrated amplifiers with configurable gain 

for sensing voltage drops on the current sense resistors. Amplifier outputs are connected to voltage 

buffers and then connected to the output pins, to provide information about input and output cur-

rents to the control IC SM72442 [4]. 
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3.3 H-BRIDGE 

Four N-channel MOSFET transistors in an H-bridge configuration of a DC-DC converter allows 

lower or higher output voltage than input voltage (buck-boost). The total ripple of the output volt-

age depends on the combination of the input and the output capacitances and the inductance of the 

inductor in the middle of the H-bridge [5]. 

 

Figure 3: Basic H-bridge configuration 

Overall efficiency of the whole controller depends mainly on the used inductor and switching tran-

sistors. Therefore, those components should feature the lowest possible resistance in the on-state 

and the transistors should feature the lowest possible total charge required to charge junction be-

tween gate and source (QG). The total charge QG affects the dynamic losses during switching of the 

transistor. The selected inductor SRP1265-6R0 has a winding resistance of 10 mΩ, switching tran-

sistors NTMFS4955NT3G have a channel resistance of 5.6 mΩ and a total gate charge QG 10.8 nC. 

The input and output capacitances are composed of ceramic capacitor banks, to reach very low 

equivalent series resistance (ESR). In total 26 discrete 22 µF capacitor chips are used as the output 

capacitor to meet the required output voltage ripple of 50 mV. The large number of capacitors is 

required due to expected large DC-bias induced capacity drop typical for ceramic capacitors of this 

class. 

3.4 MICROCONTROLLER 

The AVR ATmega48A from Microchip in TQFP32 package was chosen as a monitoring microcon-

troller. It is based on 8-bit architecture with maximum internal oscillator frequency of 8 MHz. The 

required features for its selection were the master I2C communication interface, UART interface for 

easier communication with computer during firmware debugging and an internal AD converter. 

The microcontroller also reads temperature from TC74 digital thermometer made by Microchip via 

I2C. If MPPT controllers temperature or input voltage operating limits are exceeded, the microcon-

troller will limit maximum output current or suspend function of the MPPT controller via a reset 

signal. The input voltage is sensed by the microcontrollers internal AD converter. 

3.5 POWER SUPPLY 

Linear regulators are used to supply all the regulator components. Namely the LP2985 linear regu-

lator with fixed output voltage of 10 V, which is required by the switching part of the H-bridge 

driver SM72295. Also, a 5 V variant of the same linear regulator is used for powering the MPPT 

controller SM72442, the logic part of the SM72295 and the microcontroller. Finally, there is also 

LT6654 0.1 % voltage reference which is shared between the MPPT controller and the microcon-

troller (as a reference for its internal AD converter). 
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4 DESIGN OF PROTOTYPE 

Prototype printed circuit (PCB) board of the MPPT controller is designed in Autodesk Eagle with 

dimensions of 72x43 mm. To minimize area, a 4-layer PCB was selected, outer layers are used for 

signal traces while the inner ones are used for power distribution. The final version of the controller 

(with required dimensions of 67x37 mm) will be designed after functional tests of the prototype. 

  

Figure 4: 3D visualization of the controller prototype 

5 CONCLUSION 

This paper deals with design of a fast MPPT controller prototype. The result is finalized schematic 

circuit and printed circuit board for the UAV meeting required functional parameters. The designed 

controller will operate in boost mode. The selected integrated circuit, which takes care of monitor-

ing maximum power point of solar cells with latency of 10 ms, cooperates with the driver of 

H-bridge, which forms the power part of the entire controller. The selected microcontroller is used 

to monitor the operational parameters of the entire controller and in case of unfavorable conditions, 

it has ability to suspend the function of the entire device, which is important safety feature for in-

stallation in the UAV. After construction and functional validation of the prototype, a final minia-

turized version of the controller will be designed. 
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