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ABSTRACT

In This Paper, The Variable Input Voltage And Fixed Output Voltage DC To DC
Converter For Photovoltaic System (PV System) Is Designed, Simulated And
Constructed. There Are Three Main Portions In The Proposed System. They Are
Solar Power Sensing System, The Controlling System And DC To DC Converter.
In The Solar Power Sensing System, NPN Transistors (2SC 945) Are Used For
Voltage Sensor And Logic Converter. In The Controlling System, PIC 16F876A Is
Used To Determine The Solar Power Level And Control The DC To DC
Converter. It Also Reads The Input And Output Voltage Values Of The DC To DC
Converter Using Its Analog To Digital Converter (A/D Converter) And Shows
This Value On The Four Seven Segments Light Emitting Diodes (Leds). The
Developed Program For PIC 16F876A Is Tested With Proteus Simulation
Software. In The DC To DC Converter, TL 494 (Switch mode Pulse Width
Modulation Control Circuit) Is Used To Control The Power MOSFET Which
Drives The Ferrite Core Transformer (High Frequency Transformer Or Power
Transformer).
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INTRODUCTION

Solar Photovoltaic (PV) system is a renewable energy system
and can provide safe, reliable, maintenance-free and
environmental friendly source of power fora very long time.
Millions of systems have been installed worldwide, in sizes
ranging from a fraction of a watt to multi-megawatts. For
many applications, solar electric systems are not only cost-
effective but also least expensive option to produce the
electrical power.

In this paper, DC to DC converter cooperates with the solar
modules to reduce the losses between the solar modules and
the electrical load. By using the DC to DC converter in the
solar system, the overall efficiencies of the system can be
improved and the overall cost for the whole system can be
reduced because DC to DC converter is the most suitable
voltage regulating system.

DC to DC converter is the advance form of the voltage
regulator. In linear voltage regulator (series regulator), the
inputvoltage must be higher than the output voltage. But the
input voltage is not a major problem in the DC to DC
converter. DC to DC converter can step-up, step-down and
invert the input voltage. DC to DC converter has many other
advantages than the linear voltage regulator. DC to DC
converter stores the input power at the voltage or current
storage devices such as inductor and capacitor. And then
release this power to the electrical load with a switching
process.

Pulse Width Modulator (PWM) is the major component of the
DC to DC converter. It produces the square wave pulse trains
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and the pulse width of these pulse trains can be controlled
with the external input track called feed-back track. The
circuit components and designing of the DC to DC converter
are more complex than traditional voltage regulator because
of containing Pulse Width Modulator (PWM). But according
to the development of the electronic techniques, PWM
module can be achieved in the form of integrated circuits
(ICs) or chip types in now. Many types of converter are
widely used as mobile phone charger, DVD/VCD player
power supply, TV power supply, PC power supply, laptop
computer charger and many others electrical or electronic
application.

In the traditional photovoltaic system, photovoltaic modules
are used to convert light energy into electricity. This
electricity cannot be directly connected with the electrical
load because the output voltage of the photovoltaic modules
is the unregulated DC and varies 0 to +21V.

The overall block diagram of the photovoltaic system is
shown in Figure 1. The traditional photovoltaic system
consists of six major modules; PV module, Solar charge
controller, Inverter, Battery, Load and Auxiliary energy
sources. Solar charge controller is used to control the
charging voltage to the battery. The battery is used to storage
power for further usage. Auxiliary energy source is used to
charge the battery when the electrical power cannot be
available from the solar modules (e.g., at night). The inverter
is used to convert the DC power to the AC power if the system
needs to produce AC power.
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Figure 1 Block Diagram of the Photovoltaic System

In this research work, DC to DC converter is used instead of

solar charge controller and battery. Solar charge controller
cannot regulate the input voltage coming from photovoltaic
module. DC to DC converter can regulate the input voltage
coming from photovoltaic module and it has many other
advantageous than the solar charge controller.

The output of the DC to DC converter can be used in many
other electrical applications such as charging battery to be
storage power for further use or directly using solar power
during the light falling onto the PV panels. Implemented block
diagram of the DC to DC converter for photovoltaic system is
shown in Figure 2.

In this system, the output of the DC to DC converter can be
directly connected with the electrical load. The AC powercan
be produced by connecting the output of the DC to DC
converter with the inverter. PIC microcontroller is used to
digitalize the system and to show the input and output
voltages of the DC to DC converter.
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Figure 2 Implemented Block Diagram of the DC to DC
Converter for Photovoltaic System

I LITERATURE REVIEW

A DC to DC converter is one of the switching regulator types.
It uses the switching process to transfer the power from the
source to the load. It stores the input power at the voltage or
current storage devices such as capacitor or inductor. And
then release this power to the electrical load with a switching
process. Pulse Width Modulator (PWM) is determined the on
or off periods of the switch. PWM is the major component of
the DC to DC converter. It produces the on/off signaling pulse
train. This signaling pulse train is used to control the switch.
The frequency of the pulse train is range from 30 kHz to 300
kHz according to the design of the converter.

A DCto DC converter can be distinguished according to their
converting properties. There are four types of DC to DC
converter. They are

Step-down converter (Buck converter),

Step-up converter (Boost converter),

Inverting converter and

Transformer flyback converter.

YV VVYVY

A. Step-down Converter (Buck Converter)

In the buck converter, the output voltage of the converter is
less than the input voltage. The required switching signal is
provided by the pulse width modulator. The levels of the
output voltage can be controlled by the pulse width of the
switching signal. The frequency of the switching signal must
be one of the fix frequency values ranging from 30 kHz to 300
kHz. The output voltage (Vo) is equal to the product of the
duty cycle of the pulse (D) and the supply voltage (Vs). The
basic sample circuit diagram of the buck converter is shown
in Figure 3.
Vo=DxVs Equation 1
Where,

VO = the output voltage of the converter (V)

D = the duly cycle of the switching signal (%)

Vs = the supply voltage to the converter (V)
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Figure3. The Basic Sample Circuit Diagram of the Buck
Converter

71

B. Step-up Converter (Boost Converter)

In the boost converter, the output voltage of the converter is
more than the input voltage. But the output current is less
than the input current because the input and the output
power are almost equal. The basic sample circuit diagram of
the boost converter is shown in Figure 4.
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Figure4. Basic Sample Circuit Diagram of the Boost Converter
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Equation 2

Where,

VO = the output voltage of the converter (V)
D = the duly cycle of the switching signal (%)
Vs = the supply voltage to the converter (V)

C. Inverting Converter

The inverting converter can convert the input voltage. The
output voltage can be more or less than the input voltage. The
basic sample circuit diagram of the inverting converter is
shown in Figure 5.
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Figure 5 Basic Sample Circuit Diagram of the Inverting
Converter

o \li X D
(1-D) Equation 3

Where,

VO = the output voltage of the converter (V)

D = the duly cycle of the switching signal (%)

Vs = the supply voltage to the converter (V)

D. Transformer Flyback Converter

Transformer flyback converter is the advance form of the
buck, boost and inverting converters. This type of converter
isused in this research work because it is the efficient form of
all of the converter types and the converter used in the
system is needed to step-up and step-down the input voltage.
This requirement can be solved only by the use of
transformer flyback type DC to DC converter. All of the
transformer flyback converter can be achieved electrical
isolation and non-isolation types. In electrical isolation type,
the output side and the input side have no electrical
connection between them. The basic sample circuit diagram
of transformer flyback converter is shown in Figure 6. There
are two types of transformer flyback converter. They are
single-output type and the multi-output type. In single-output
type, the output voltage can be obtained by stepping-up,
stepping-down the input voltage. In multi-output type, the
output voltage can be obtained by stepping-up, stepping-
down and inverting the input voltage at the same time.
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Figure 6 The Basic Sample Circuit Diagram of the
Transformer Flyback Converter, (a) Single-output Type, (b)
Multi-output Type

The output voltage of the converter can be calculated by the
Equation 4.

N
V, =V, x b I
- (I-D) N,

Equation 4

Where,

VO = the output voltage of the converter (V)

D = the duly cycle of the switching signal (%)

Vs = the supply voltage to the converter (V)

N1 = the number of primary winding of the

Transformer (turns)

N2 = the number of secondary winding of the

Transformer (turns)

111 SOFTWARE IMPLEMENTATION

A. Operation of the DC to DC Converter for PV System
The main flowchart of the DC to DC converter for PV system
is illustrated in Figure 7. There are four main units. They are
solar panel, solar power sensor, PIC microcontroller and DC
to DC converter. The solar panel converts the sunlight into
electricity. This electricity is the form of direct current (DC)
with the voltage range of 0 to 21V. The coming voltages from
the solar panel are measured by the solar power sensor. Ifthe
voltage is less than +8V, it produces logic ‘0’ (0V) to the PIC. If
the voltage is more than +8V, it produces logic ‘1’ (+5V). The
PIC is act as the Central Processing Unit (CPU). It checks the
output of the solar power sensor. When the solar power
sensor’s output is low (logic ‘0’), it turns on the solar power
low indicator. When the solar power sensor’s output is high
(logic ‘1’), it turns on the DC to DC converter. After the DC to
DC converter turns on, PIC reads the input voltage of the
converter and displays this voltage value on the input
voltages LED display and then reads the output voltage of the
converter and displays this voltage values on the output

voltages LED display.
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Figure 7 Main Flowchart of the System
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B. PIC Control System

This flowchart shown in Figure 8 is represented for the whole
controlling, calculation and processing for the system. As the
first step, the PIC is configured its ports or pins as the digital
or analog, input or output pins. After the pins are assigned,
determine the solar power level by checking the solar power
sensor output, weather active (logic high) or inactive (logic
low). If the solar power sensor output is inactive (logic low),
the PIC will send out the logic high signal to the solar power
low indicator and then check the solar power sensor again
and serves this sequence until the solar power sensor output
is active (logic high). If the solar power sensor outputis active
(logic high), the PIC will send out the logic high signal to the
DC to DC converter to turn on the converter. After the
converter is turned on, the PIC reads the input voltages of the
DC to DC converter by using it’s analog to digital converter
module and shows the relative voltages on the input voltages
display and then the PIC reads the converter output voltages
and shows the relative voltages on the output voltages
display.

The flowchart of the PIC to control the DC to DC converter for
the PV system is shown in Figure 8.
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Figure 8 the Flowchart of PIC Control System of the DC to
DC Converter for PV System

C. Flashing Solar Power Indicator

When the solar power is low, the PIC turns on the solar
power low indicator. In this stage, the solar power low
indicator is designed to flash with the time period of 500
milli-seconds. The flowchart for flashing solar power low
indicator is shown in Figure 9.

Turn an SFL
Indicator

Tutm on indicawor, RO = 1

Wait 500ms

Turn eff irdicntor, BOS =

Wait S00ms

| T} |

Figure 9 the Flowchart for Flashing Solar Power Low
Indicator

If the RC4 is low, the PIC gives out the high signal to the RC5
and maintains this signal for 500ms and then the PIC is clear
this high signal of the RC5 and maintains this clear signal
(logic low) for 500 ms and checks the solar power sensor
again. The PIC operates this sequence until the solar power
sensor’s output is high.

v HARDWARE IMPLEMENTATION

The circuit of the DC to DC converter for PV system contains
two main modules. The first module is the controlling
module. Controlling module contains the functions of
determining the level of solar power, controlling the DC to DC
converter and displaying input and output voltages of the
converter on the LED display. All of the controlling and
execution functions of the controlling module are done by the
use of PIC 16F876A. The second module is the DC to DC
converter module. This module contains pulse width
modulator (PWM) section using TL 494 (pulse width
modulation control circuit), power switch section using IRF
Z44N (power MOSFET) and the feedback section using
resistor network.

A. Circuit Design for Solar Power Sensor

Solar power sensor is the important module for the central
controlling module because operating or non-operating
conditions of the whole system depends on its output. The
Solar power sensor used in this system is expressed in Figure

10.
‘ Vee (8~25V)

Logic output

¢Icv @)

Iy ¢ Q
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RS TQI 28C 945 T 25C 945 51V
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Figure 10 Circuit Diagram of the Solar Power Sensor
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The Solar power sensor contains two main parts. One is the
voltage sensor and the second is the logic converter. The
voltage sensor is the under voltage lock-out circuit. Only one
NPN transistor is used in this section. The logic converter is
the inverting amplifier. All of the transistors are used as
switch types. The voltage drop at the base of the transistor Q1
is equal to the voltage drop across the variable resistor R2.
The voltage drop across the variable resistor R2 can be
calculated by the Equation 5.

R,

A xV,
. Ri+R, “ Equation 5
Where,
VR2 = Voltage drop across the variable resistor
R2 (V)

R1 =Resistance of the resistor R1 (£2)
R2 =Resistance of the resistor R2 (1)
VCC = Supply voltage (V)

B. Circuit Design for PWM Module

TL 494 pulse width modulation control circuit is used to
produce the required switching signal for the power MOSFET.
The circuit diagram is expressed in Figure 11. Pin 4 of the TL
494 is used to control (on or off) the whole converter. When
the logic state of this pin is low, the pulse width modulation
module within the TL 494 operates and produces the
switching signal to the switching circuit from pins 9 and 10 of
the TL 494. If the logic state of pin 4 is high, the pulse width
modulation module within the TL 494 does not operate. The
transistor Q3, zener diode D7 and resistors R18 and R19 are
act as the logic inverter circuit. If the PWM control signal is
high (logic '1"), the collector voltage of the Q3 is approach to
zero and the PWM control signal is low (logic '0"), the
collector voltage of the Q3 is almost equal to +5V. The
feedback input track is the analog pin and the amount of
voltages can control the duty cycle of the output frequency
produced by the PWM module.

g-25v T 1
(from controller ) : | C, T1004F
| I 25V

Control
(from controller)

|

|

|

| [l

|_ PWM signal
output

16 15 14 13 12 11 10 9
22kQ 3Ry TL 494
25C 945 2 3 4 o 6 7 8
I L |
51V |
Dy Qy From the
output of the
C - {
5 % N Rat converter
Rig Cr I T 10kQ
27kQ

Ry
7.2kQ

Figure 11 Circuit Diagram of the Pulse Width Modulation
Control

The output frequency of the TL 494 used in this thesis is
almost 5 kHz. The resistance value of the resistor RT is 35k
and the capacitance value of the CT is 1nF. The output
frequency of the pulse width modulation control circuit can
be derived by the Equation 6.

1.1

T (RyxCy) Equation 6

Where,

fout = The output frequency of the TL 494 (Hz)
RT = Timing resistor (Q)

CT = Timing capacitor (uF)

C. Circuit Design for Switching Circuit

To power
transformer

Ry IRF 744N
. S 2400 IN 4148
Switching signal >

~ Ll VVAV
( from PWM module ) Ry Qy
4.7kQ Ds

Figure 12 Switching Circuit

The main function of the switching circuit is to control the
power transformer and to amplify the switching signal. The
circuit diagram is sketched in Figure 12.

Resistor R16 and R17 are act as the voltage divider network
to drop the some amount of voltage from the PWM module
and prevent the power MOSFET from damaging by the
exceed of gate voltage. D5 is act as the AC filtering circuit. If
the output signal of the PWM module has an AC component,
the diode D5 will filter out this AC component signal.
Assuming the power losses due to the output transformer
and MOSFET as 10% and thus the efficiency of the whole
converter circuit will be 90%.

D. Circuit Design for Power Transformer

The power transformer is used to transfer the electrical
power from the primary side to the secondary side. The
schematic diagram for the power transformer and rectifier
circuit is demonstrated in Figure 13. The diode D4 and
capacitor C6 are act as a rectifier circuit. The D4 is used to
extract the positive half-cycle of the AC signal flowing out
from the power transformer and the capacitor C6 is used to
smooth the output DC.

Vs (8~25V)

,.Tl:_l MBR3030PT Vo
[}
he o 30A +H2v

R Dy 1000uF 25V

———t C(

From the switching circuit
(drain of IRF 744N )  »———

Figure 13 Power Transformers and Rectifier Circuit

The output voltages of the power transformer and rectifier
circuit can be calculated by the following equation;

Vo =Vsx b x&
I-D N, Equation 7
Where,
VO = the output voltages of the power transformer and
rectifier circuit (V)
Vs = the supply voltages of the circuit (V)

D = Duty cycle of the transformer (%)

N1 = the number of primary winding of the
Transformer (turns)
N2 = the number of secondary winding of the

Transformer (turns)
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V. SIMULATION OF THE OVERALL SYSTEM

The simulation diagram of the central controlling unit using
PIC16F876A for the DC to DC converter for PV system is
demonstrated in Figures 14 and 15. Operating diagram (solar
power high condition) is shown in Figure 14 and non-
operating diagram (solar power low condition) is shown in

Figure 15.
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Figure 14 Simulation Diagram for Solar Power High
Condition

S L BT e

Figure 15 Simulation Diagram for Solar Power Low
Condition

In Figure 14, As soon as the solar power sensor outputis high
(RC4is high) the PIC 16F876A turns on the converter (RC6 is
high), reads analog voltages and displays these voltages. In
Figure 15, when the solar power is low (RC4 is low), the PIC
16F876A turns off the converter (RC6 is low) and turns on
the solar power low indicator (RC5 is high) with a period of
500 milli-seconds on and off (flashing rate of one hertz).

VI HARDWARE TESTING

The DC to DC converter design demonstrated in this thesis
can step-up and step-down the input voltage coming from the
PV panel. When the circuit is operating, the minimum input
voltage to the circuit at free load condition should be +8V and
the minimum starting current of 350mA. The nominal current
at free load condition is less than 100mA. The photograph of
the DC to DC converter running in step-up mode is illustrated
in Figure 16.

Figure 16 DC to DC Converters in Step-up Converting Mode

When the input voltage is between 12 to 25V, the converter
operates in step-down converting mode. The maximum input
voltage should not exceed more than +25V. The photograph
of the DC to DC converter running in step-up mode is
illustrated in Figure 17.

Figure 17 DC to DC Converters in Step-down Converting
Mode

VIL CONCLUSION

The main circuit is designed with the three terminals positive
voltage regulator (LM 7805), solar power sensor circuit
(using transistors), programmable interface controller (PIC),
pulse width modulator (using TL 494), high frequency
transformer (ferrite core transformer) and other electronic
components (FET, resistor, capacitor and so on). LM 7805 is
used to power the required supply voltage +5V DC of the PIC.
Solar power sensor circuit is the simple sensor circuit and
uses only two transistors. One is used to sense the voltage
and the other is used as the logic converter in order to
communicate with the PIC. PIC is used to check the output of
the solar power sensor circuit, control the pulse width
modulator or the whole system (e.g., operate or not) and
calculation for A/D conversion is needed to display the input
and output voltages of the converter. TL494 is the pulse
width modulation control circuit used to supply the required
switching signal of the switching circuit. Ferrite core
transformer is used to transfer the source power to the load
and to store the certain amount of power. FET is used to
amplify the switching signal and to drive the transformer.
Other electronic components are used as the need of the
circuit design.

By using the PIC in the DC to DC converter, the circuitis more
efficient, reliable, powerful and effective. But it has a few
drawbacks, such as high cost and can cause radio interference
on the other devices (radio, television, etc.)

VIII. FURTHER EXTENSION

To reduce the total installation cost of the DC to DC converter,
the pulse width modulator section (using TL 494) can be
removed from the circuit because the microcontroller (PIC
16F876A) has the PWM module. Therefore, the required
switching signal for the switching circuit can be provided by
the PIC 16F876A.

The DC to DC converter for PV system design and
construction in this thesis can operate only in the day time
because it has no storage devices to store the electric power.
If the user wants to use this converter when the light is gone,
the storage devices must be inserted in the system.
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