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1. Introduction
1.1. Solar Charge Controller Definition
A solar charge controller is a voltage and current regulator that prevents a battery bank from
overcharging due to solar arrays. The voltage and current coming from the solar panel is being
regulated before going to the batteries by ensuring that a deep cycle battery does not overcharge
during the day. Furthermore, no power gets back to the panels that will drain the battery during
the night when there is no sun energy to charge up the solar panel. There are several charge
regulators that have additional capabilities such as load control and lighting. However,
controlling the current and voltages is their primary job. A solar charge regulator is very crucial
and is needed to prevent overcharging of the batteries. Most of the 12-volt panels always supply
17 volts because if it was 12 volts, then it means it works under perfect conditions something that
does not happen in all places. The extra voltage supplied by the panel caters to when the sun is
low or when covered by heavy clouds so as to ensure output voltage to the batteries.

1.2. Background
The core function of the solar charge controller is the efficient transfer of power from a solar
module to a battery or load. There are two different types of solar charge regulators, each with a
different technology; maximum power point tracking (MPPT) and pulse width modulation
(PMW). Their performance is very different from each other; for example, the MPPT solar
charge controller is expensive compared to the PMW regulator. The MPPT regulator performs
better than the PWM solar charge regulator. This can be seen in figure 1. The PWM charge
regulator operates by making a direct connection from the solar panel to the battery, whereas the
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MPPT charge regulator measures the voltage of the panel and converts it into the battery voltage
[1].

Figure 1: MPPT and PWM graph [1]
The maximum power point tracker (MPPT) is a device which converts power from DC to
DC then ensures the support of the performance match between the solar panel voltage and the
battery bank voltage. Therefore, the MPPT charge controller steps down high-power voltage
from the solar panel to low voltage needed to charge a battery. This is illustrated in figure 2.

Figure 2: MPPT performance match between the solar panel and the battery [2]
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2. Problem Statement
2.1. Problem Definition

There are several key features for high use of charge controllers. First, the multistage
charging of batteries which saves the battery from being damaged. Second, the ability to change
the power set to the batteries while considering the charge. This is significant to keep the battery
healthier. Third, the reverse current protection capability prevents the solar panel from draining
charge of the battery banks in the night when there is no power from the panel. In addition, it
also disconnects the load when the battery is low and connects when it charges again. Finally, it
displays the voltage of the battery bank and also the amount of charge from the panel. But having
a solar charge controller with these features and high efficiency is very expensive to purchase,
approximately $100-$200. Therefore, the goal of this project is to design a solar charge
controller with a higher efficiency and a lower budget.

2.2. Client Requirements

Based on the functions of the devices being used and their technical specifications, the
requirement of the project can be divided into two parts: device function and device technical
specification. Each of these requirements is summarized below.

Device function:
•

Based on MPPT algorithm

•

LED indication for the state of charge

•

LCD display for displaying voltages, current, and power

•

USB charger port 5 V
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•

Automatic battery voltage recognition (12 V/24 V)

Device technical specification
•

Battery: 55 AH

•

Maximum load current: 10 A

•

Open circuit voltage between 0 -12.5 V for 12 V system and 12.5 – 24.5 V for 24 V
system

•

Solar panel power 80 W

•

Battery charge current = 5 A

•

USB charge current: 0.5 A

Optional display features on LCD
•

Charge time

•

Battery charging percentage

3. Problem solution
3.1 Proposed Solution
3.1.1

Solar Charge Controller Block Diagram
An ADC is used for measuring analog voltages with a digital microcontroller this is mainly used for interfacing analog sensors’ output. Analog sensors convert some
physical parameter (i.e. light intensity, temperature, humidity, etc.) into voltage
dependency, that can be later measured using the ADC. A solar charge controller is used,
which measures the voltage, current, and power. This is made with use of ADC and some
external analog components. The use of the solar panel, battery, ADC, and external
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analog components can be represented in a solar charge block diagram as shown in figure
3.

Figure 3: Solar charge block diagram solution
3.1.2

MPPT Charge Controller
Using a battery charge controller for solar power with maximum power point tracking is

safer and gives a higher performance. A DC-DC buck converter is needed at the input if the solar
panel produces a high voltage. The DC-DC buck converter is a step-down converter. The device
regulates power input and output from a load. The converter steps down the power from a solar
panel as it enters the battery or the load while at the same time stepping up power output from
the load. The converter has two semiconductors, a transistor, and a diode which makes it possible
to step down and step up power input and output. However, in order to avoid the risk of voltage
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ripples, the converter is fitted with supply side filters and load side filters which smooth out
power flow. There are two DC-DC buck converters in this device. The first one is at the output
of the solar panels. With high voltage solar panels, the output voltage may reach 50 V. The
normal open output voltage is from 28 V – 38 V so the output of a DC-DC controller will be 24
V to match with all 12 V systems and 24 V systems. Output current needs to achieve 5 A to 8 A.
Texas Instruments is a professional in this field and the most popular solution is BQ24650 [3].
Figure 4 shows a switch-mode charge controller. The second one is supply to USB port for
charging. This DC-DC buck converter will regulate 12 V – 24 V to 5 V, and output current needs
to achieve 2A.

Figure 4: Switch-Mode Charger Controller (BQ24650) [3]
3.1.3

Voltage Regulator
A voltage regulator is an electronic device responsible for maintaining a steady voltage

level. The device protects power machines like car engines, and laptops, among others, from
fluctuating voltages by maintaining a constant flow of power entering the device. Voltage
regulators may exist in various designs like the electronic or electromagnetic mechanism,
negative feedback, or the feed-forward design, but the underlying principle is that they regulate
DC or DC voltages from various sources. In computer devices, the regulators are used to smooth
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out and stabilize DC voltages in the processor and other elements. The device maintains a fixed
voltage output regardless of the changes in the load or input voltage. The best choice to lower the
voltage is using LDO (low-dropout regulator). LDO has fast transient response, low noise, is
cheap, and will regulate from 5 V to 3.3 V. Output current of this circuit is 1 A to supply for
microcontroller, LCD, LED indicators and other peripherals.
3.1.4

Voltage Measurement

There are 2 voltages that need to be measured; solar panel output voltage and battery
voltage. This circuit uses resistor to divide the high voltage to low voltage that matches with the
ADC Range of the microcontroller unit (MCU). MCU will read the divided voltage and calculate
the solar panel output voltage and battery voltage then display it on the LCD. The only
adjustment needed is for input voltage range to correspond to ADC input range (which is 0-3.3V
in case of STM32). The input range of 0-28V can be shrunk down to 0-3.3V using a voltage
divider. The voltage divider follows equations 1 and 2 as shown in figure 5.
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =

𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ∗𝑅𝑅2
𝑅𝑅4 +𝑅𝑅2

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =

𝑉𝑉𝐵𝐵𝐵𝐵𝐵𝐵 ∗𝑅𝑅1
𝑅𝑅3 +𝑅𝑅1

Figure 5: Voltage measurement

Eq [1]
Eq [2]
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3.1.5

Current Measurement

Current cannot be directly measured with an ADC. Instead the ADC can be used to measure
a voltage drop across a known resistor, and using Ohm’s law it is possible to calculate current as
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝐼𝐼) =

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(𝑉𝑉)

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (𝑅𝑅)

Eq [3]

On the other side, if a resistor is inserted into the measured circuit it would create a voltage
drop, which might alternate the circuit performance. This circuit uses a current sensor to measure
the input current from the solar panel. A good solution here is ACS712 [4]; the maximum current
that ACS712 can measure will be 30 A. The output of the current sensor is voltage. MCU reads
this voltage and then calculates the current. Figure 6 shows a current sensor.

Figure 6: Current sensor (ACS712) [4]

3.1.7 DC Load Control
Load controllers are charge regulators used to prevent batteries from overcharging. Modern
solar and other power devices are fitted with DC load control systems that automatically
disconnect all loads when the power supply is not enough. The controllers may also be fitted in
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the loads or batteries to prevent overcharging or unlimited power supplies, which may damage
the loads.
The DC load controller regulates the charge voltage from the solar system to the battery, as
shown in figure 7. During the ON state when CTRL_LOAD logic = 1, no current flows through
the third mosfit (𝑄𝑄3 ). So, it will close, and since the first mosfit (𝑄𝑄1 ) and the second mosfit (𝑄𝑄2)

are connected to 𝑄𝑄3 they will close too, and 𝑉𝑉𝐵𝐵𝐵𝐵𝐵𝐵 come to output header on default state, 𝑄𝑄1and
𝑄𝑄2 open because G pin of 𝑄𝑄1and 𝑄𝑄2 is pulled up to 𝑉𝑉𝐵𝐵𝐵𝐵𝐵𝐵 , and during the OFF state when

CTRL_LOAD logic = 0, the current complete its path through 𝑄𝑄3 , 𝑄𝑄2 , and 𝑄𝑄1 so the circuit will

open and 𝑉𝑉𝐵𝐵𝐵𝐵𝐵𝐵 will come to output header on default state.

Figure7: DC load control circuit

3.1.8 Constraints
One of the constraints for this project is environmental. This was addressed by using DCDC buck converter as mentioned previously in the report. Also, recycled materials were used on
the project such as plastic. Another constraint was sustainability. The sustainability in
manufacturing was increased by using a PCB circuit board. The final constraint is
manufacturability. A 3D printed box and PCB was designed for manufacturing
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3.1.9 Safety and Standards
IEEE standard was followed for the design of PCB [5]. For safety purposes, the project
was designed to have overvoltage, overload, and lightning protection. Furthermore, the circuit is
designed to have reserve power flow protection and short circuit protection.

3.2 Software design
These are the steps of the project code:
• Initialization:
o Configure the system clock
o Initialize all configured peripherals
o Initialize GPIO for buttons, enable EXTI0 interrupt
• Create a screen to display the values

•
•
•

Set value
Create a simple style with ticker line width
update data values
Initialize timers for measuring microseconds and milliseconds, respectively
Initialize ADC1 with Channels 0-2 on pins PA0, PA1 and PC1 (analog mode)

•

ADC1
Peripheral clock enable
ADC1 GPIO Configuration
PA0 ------> ADC1_IN0
PA1 ------> ADC1_IN1
PC1 ------> ADC1_IN2
PA5 ------> SPI1_SCK
PA6 ------> SPI1_MISO
PA7 ------> SPI1_MOSI
PA9 ------> USART1_TX
PA10 ------> USART1_RX
initialize LCD on PB pins

o
o

o
o
o
o
o
o
o
o
o
o
o

Ser rotation of the screen - changes x0 and y0
Initialize LCD display
Enable LCD display
TURN ON DISPLAY
Main loop:
o Draw text on LCD to show current measurement mode
o Check if measurement has been started
o If yes, determine mode and perform ADC measurement:
o Configure GPIO pin: BTN_TEST1_Pin
o Configure GPIO for the LOAD controlee
o
o
o
o

•
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•

•
•

o Configure GPIO pins for the LEDs
o Configure GPIO pins for the push buttons
o Measure solar voltage in channel 0 voltage and recalculate the value.
o Measure battery volt in channel 1 voltage and recalculate the value.
o Measure current in channel 2 and recalculate the value.
o Measure State charger if its 12 or 24
o Power calculation
o Calculate charger time
o Display measured value or display “press start” message on LCD
o Repeat after every 10ms
Interrupt routine:
o Determine which EXTI_PR flag has been set
o Change the variables (mode or state of measurement) accordingly
o Clear EXTI flag
Void vChargerCtr_ADCInit(void) for ADC channel
Void vReadChargerPara(void)
o ADC_Value_Solar_Volt
o ADC_Value_Solar_Curr
o ADC_Value_Battery_Volt

3.3 Hardware design
Figure 8 shows the full schematic for the hardware design. A detailed diagram showing the
connections is shown in Appendix A of this report. The top and the bottom layer of the PCB
design used in this project is shown in figures 9 and 10. Sharp3D [6] software was used for the
design of the 3D box. The top and the bottom view of the 3D box is shown in figure 11and 12.
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Figure 8: Full hardware schematic
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Figure 9: PCB top layer

Figure 10: PCB bottom layer
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Figure 11: 3D box top part

Figure 12: 3D box bottom part
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3.4 Testing
Several testings are done throughout the semester to ensure that the project works. The
microcontroller communication with the analog sensor is tested. Furthermore, the efficiency of
the accuracy of display on the LCD is tested. Also, the microcontroller timers are tested to raise
the fast connection of getting and displaying the information on the LCD. Table 1 shows the
battery charging level and the corresponding voltage.
Table 1: Battery Charging Level
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charge %

12V battery

24V battery

0%

11.80V

23.00V

25%

12.00V

23.50V

50%

12.20V

24.20V

75%

12.40V

24.75V

100%

12.70V

25.70V

Parts list and cost

4.1 Parts
Table 2 shows a list of categories used for this project with their quantities and
specifications. The total number of quantities for this project is 51.
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Table 2: Parts list

#

Category

Comment

Quantity

1

Capacitors

0.1µF

6

2

Capacitors

1µF

3

3

Capacitors

10pF

2

4

Capacitors

22µF

1

5

Capacitors

1000µF

1

6

BJT

1

7

USB

1

8

LED

Red

2

9

LED

Blue

1

10

LED

Green

1

11

Solar Connector

1

12

Battery Connector

1

13

Load header

1

14

MOSFET

NPN

2

15

MOSFET

PNP

1

16

Diode

17

Resistors

100k

2

18

Resistors

50k

2

19

Resistors

10k

4

20

Resistors

250

4

21

Switches

2

22

Sensor current

1

23

MPPT

1

24

DC-DC converter

1

25

Microcontroller

STM32

1

26

LCD

ER-TFTM032-3

1

Total

1

51
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4.2 Costs
Table 3 shows list of categories with their designators, price per unit, and total price in
USD. The total estimated budget for the project is $100, and the project ended up costing $65.
Table 3: Cost list
#

Category

Designator

price per unit in USD

total price in USD

1

Capacitors

7

0.5

1.5

2

BJT

1

0.2

0.2

3

USB

1

0.8

0.8

4

LEDs

4

0.5

2

5

Solar Connector

8

0.5

4

6

Battery Connector

1

0.5

0.5

7

Load header

1

0.5

0.5

8

MOSFET

3

0.3

0.9

9

Diode

1

0.3

0.3

10

Resistors

12

0.1

1.2

11

Switches

2

0.5

1

12

Sensor current

1

1.7

1.7

13

MPPT

1

0.7

0.7

14

DC-DC converter

1

6.1

6.1

15

STM32

1

14

14

16

TFT LCD

1

10

10

17

PCB

1

15

15

Total

5

51

64.9

Results and concisions
The final project satisfies all the client requirements. Most client specifications are met

and addressed. Moreover, the circuit design is based on MPPT algorithm with 95% efficiency.
The project is built to have high efficiency and low cost. Figure 13 shows the final design of the
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solar charge controller. For further improvement, the buck converter can be upgraded to buckboost converter in order to charge batteries from lower voltage sources, also the solar charge
controller is designed with extra push button, LED, and four pins on the PCB for futuristic using.

Figure 13: Final design
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Appendix A: Detailed Schematic

Figure 14: Detailed Schematic 1

Figure 15: Detailed Schematic 2
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Figure 16: Detailed Schematic 3

Figure 17: Detailed Schematic 4
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Figure 18: Detailed Schematic 5

Figure 19: Detailed Schematic 6
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Figure 20: Detailed Schematic 7

Figure 21: Detailed Schematic 8

29

Figure 22: Detailed Schematic 9
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Appendix B: Source code
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