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ABSTRACT

Renewable energy sources play an important rolkelantricity generation. This paper presents an aggr to
design a boost converter for infrared plastic sckdl using PIC microcontroller. This converterdssigned to provide
stable 24V output by stepping solar panel voltagihout any storage element. The output voltageoistrolled by
microcontroller unit using voltage feedback teclueigThe output of the boost converter is measuoatirmiously and the
value is sent to the microcontroller unit to proglupulse width modulation signal. The PIC controlfmoduces
PWM signal using inbuilt CCP (compare, capture BWdM) module. The PWM signal which controls the sWihg of
MOSFET. Thus by switching of MOSFET it would try keep output as constant. Simulation and experiaheasults
describe the performance of the proposed desigarddibntroller PIC16F877A is used to perform taskshie proposed

design.
KEYWORDS: DC-DC Boost Converter, Embedded Boost Convertecrdtiontroller, Pulse-Width Modulation
INTRODUCTION

Electricity is a convenient form of energy for lighng, heating, cooling and also produces motivevgrofor
number of applications. The increased usage oftradgg in the modern world which in turn increast®e annual
consumption of electricity. Many researchers ha@i$ed on renewable energy source based powetyginatirovement
in the power distribution system. Power quality lcasised a great concern to electric utilities vifith growing use of
electronic and computing equipment such as persmrabputers, uninterruptible power supplies, prst@tc. and other
nonlinear loads such as fluorescent lighting, adhle speed drives, heating and lighting control Beople are finding the
benefits of having their own renewable energy systeore attractive than they ever had before. Spgcémergy from the

sun is the best option for electricity generatisritas available everywhere and is free to harness

The merits of solar system are cleanness, reléile of noise or movement, as well as their easegéllation
and integration when compared to others. On anageethe sunshine hour in India is about 6hrs ahna#do the sun
shine shines in India for about 9 months in a y&dectricity from the sun can be generated throtigh(IRP) Infrared
plastic solar cell The IRP comes in various powgipot to meet the load. However, the output powea t(RP panel is

largely determined by the solar irradiation andtéraperature of the panel.

At a certain weather condition, the output powerddlastic solar panel depends on the terminahgeliof the
system. To maximize the power output of the plastiar system, a high efficiency, low-cost DC/DGieerter with a
voltage feedback signal is commonly employed totrobrihe terminal voltage of the solar system atiroal values in

various solar radiation conditions.
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DC-DC BOOST CONVERTER

The dc-dc boost converters are used to convertitinegulated dc input to a controlled dc output ateaired
voltage level. They generally perform the convarsyy applying a dc voltage across an inductor angformer for a
period of time (usually in the 20 kHz to 5 MHz rahgwhich causes current to flow through it and estenergy
magnetically, then switching this voltage off aralsing the stored energy to be transferred to tiiage output in a

controlled manner. The output voltage is reguldte@djusting the ratio of on/off time.

The basic principle of step-up (boost) DC-DC coteels as follows. When switch SW is closed for the
time t1, inductor current rises and energy is stdreinductor L. If switch is opened for time t2nexgy stored in the
inductor is transferred to load through diode D1#minductor current falls.

For a continuous current flow, waveform for theuntbr current is as in figure. If large capacitors@onnected
across the load, output voltage is continuous awbimes average value. Voltage across the load eatebped up by
varying duty cycle and the minimum output voltag&/i when k = 0.
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Figure 2: Mode 1

Mode-1: When the MOSFET switch is in ON state (closed,whnole circuit will be divided into two loops one
at the output side and another at the input sitie. dfosed loop at input consisting of inductor gitarged by the current
flowing through the loop during this period. Thisreent will increase linearly till the time the geh is in closed
condition. In the same time interval, inductor agk is also high as it is not delivered to any lbatito itself. Diode is off
during this mode.
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Figure 3: Mode 2

Mode-2: When the switch is in OFF state (Open), there élla closed loop consisting of power source, itatuc
and RC load. The energy stored in the inductorndu®N state is discharged to the RC load circuibubh the diode.

Thus inductor current is reducing linearly, chaggihe capacitor at the load side.

Thus for closed switch time inductor gets charged eapacitor is delivering the required power o litad, and

for the opened switch time inductor will dischasygplying the full power to load and charging cagoacsimultaneously.
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Figure 4. Embedded Boost Converter

The embedded boost converter consists of a PICIGx8&¥crocontroller with built-in analog-to-digitalonverter
(ADC) and PWM module, a power MOSFET driver, angbliage divider. Voltage divider resistors R1and R divide
the output voltage to a suitable voltage range Wwigcacceptable by the built-in ADC in the microtrofier. PIC16F877
will then perform calculation based on the contatdgorithm and produce a PWM signal with a set ofydeycle.
The frequency of the PWM is programmable by PICI&F8he PWM signal is then transmitted to power MEERn
power stage through a power MOSFET driver to perfon and off state. The PIC16F877 microcontrollgt features an
eight-bit, successive approximation ADC, used kg ¢ontrol program to measure signals required Hergower flow

control. The 10-bit resolution is adequate forpheposed design.

Also, it features two PWM outputs with program-agoitied duty cycle and 208.3 kHz maximum frequendew
driven by the 20 MHz clock of the unit. The firstVR1 output is used to control switch SW in boost venter while the

second PWM output can be used to control switchaumiliary circuit such as zero voltage switchingcait and
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zero current switching circuit to reduce switchilegses in boost converter. PIC16F877 microcontralkes 5V as its
reference voltage for the ADC. Therefore, the AM@dd sense less than 5V from the voltage dividée converter
switching frequency and the inductance value ismomised between the converter's efficiency, cpstyer capability
and weight. For the control system, PIC16F877 naientroller will produce a PWM signal pulse traintiwivarying duty
cycle in the range of 0 to 1.0. Practically, duygle for boost converter is only in the range db@.75. This is due to
instability of boost converter Therefore, the ramdehe input voltage for the boost converter ighe range of 6V and

24V. If the voltage detected is not within the renBIC16F877 microcontroller will put the whole &y into sleep mode.

In order to control the duty cycle, voltage dividivides the output voltage of 24V to PIC referenottage of
5V because ADC in PIC16F877 microcontroller is Uaald operate under high voltage. The resistancRIbofand R2

should be high enough in order not to produce piglver losses, I2R and affect the overall conveyégformance.

Furthermore, as the reference voltage of PIC16HR8icrocontroller is 5V, the PWM signal pulse traiittwthe
amplitude of 5V is unable to switch the power MOSFB&n and off. Therefore, a current sink and soyvosver

MOSFET driver is needed to operate the power MOS&EA switch working in the active region of itg¢ tharacteristic.
PULSE WIDTH MODULATION

In PIC 16f877, In Pulse Width Modulation (PWM) modée CCPx pin produces up to a 10-bit resolution
PWM output. Since the CCPx pin is multiplexed vilte PORT data latch, the corresponding TRIS bittrhascleared to
make the CCPx pin an output. A PWM output has &4rase (period) and a time that the output stagis (duty cycle).
The frequency of the PWM is the inverse of the qé(il/period).
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Figure 5: PWM Output
PWM Period

The PWM period is specified by writing to the PR&yister which is the period register. The formuba f
calculating PWM period.

PWM period = [(PR2) + 1] « 4 « TOSC * (TMR2 preszahlue), specified in units of time.
PWM Duty Cycle

The PWM duty cycle is specified by writing to theCBRxL register and to the DCxB1:DCxBO
(CCPxCON<5:4>) bits. Up to 10-bit resolution is dable: the CCPRXL contains the eight MSbs and COPX<5:4>
contains the two LSbs. This 10-bit value is repnése by CxB9:DCxBO0. The formula for calculating th&/M duty cycle
PWM duty cycle = (DCxB9:DCxBO bits value) « Tos€T"MR2 prescale value), in units of time.
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The DCxB9:DCxBO bits can be written to at any tirhat the duty cycle value is not latched into CCHRR»til
after a match between PR2 and TMR2 occurs (whicthésend of the current period). In PWM mode, CCRRx a
read-only register. The CCPRxH register and a Z#igrnal latch are used to double buffer the PWiydcycle.
This double buffering is essential for glitchled& operation. When CCPRxH and 2-bit latch matchuakie of TMR2
concatenated with the internal 2-bit Q clock (oo tvits of the TMR2 prescaler), the CCPx pin is i#da This is the end of
the duty cycle.

CONCLUSIONS

In this paper, embedded boost converter has begpoged to produce constant output voltage withayt a
storage device for solar cell using PIC microcdigrolt is very simple, light weight and smaller $ize. It is designed
based on microcontroller which permits easy modiffans. In this design, inbuilt module of PIC micoatroller such as
A/D converter and PWM module has been used whictimizes the size of the design and requiremenbofponents for
analog to digital conversion and pulse width motiofageneration. The proposed boost converter solkie world’s
energy problem. The maximum percentage of radiaergy produced by the sun strikes the earth iszetil when

compared to existing system.

This proposed system could be easily implemented avialog circuits instead of microcontroller, thg design

above has the advantage of easy modification iitiathdl renewable energy sources are used.
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