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-------------------------------------------------
Abstract
A novel study on the properties and control of DC-DC buck-boost with super capacitor charger is presented
in this report. The design consists of constant current boost converter that is fed by a super capacitor.
The super capacitor used in the design has initially a charge of 5.6 V. A separate buck converter stage is
included in the design which is used for charging the super capacitor. A relay is placed in between the
buck converter stage and boost stage which separates the boost converter stage when super capacitor
charges up to a specified limit. Design is verified using various simulation software’s and then final
hardware implementation is made after proper analysis and verification. The circuit consists two Mosfet's,
one is used in the buck converter stage preceding super capacitor and the other is used in boost stage
following buck converter and super capacitor stage. These are operated synchronously by the pulses from
MOSFET’S drivers. SIMULINK modeling is also performed for further verification and testing. For control
purpose PIC MCU is used. Liquid crystal Display (LCD) is interfaced for displaying the parameters which
are to be monitored.
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Chapter 1
Introduction
1.1 Objectives
The work which is presented in the report deals with the design and control implementation of a
constant charge Buck-Boost DC-DC converter with super capacitor charger.
Main objectives of the design are :







Buck converter designing
Boost converter designing
Super capacitor charging using Buck converter
Programming of the microcontroller for control purpose
Combining of both stages and achieve a constant current DC-DC buck-boost converter
Interfacing LCD for displaying the important Parameters
Hardware Implementation
DC-DC power converters are used in applications in which unregulated DC voltage input (i.e. voltage that
consists of disturbances and noise) is harmful and it may effect system performance and efficiency. These
converters convert it to a regulated one which is desirable for system. For example, a DC-DC power
converter can transform an unregulated (i.e. distorted) 9V input voltage in a regulated (i.e. ”clean”)
voltage of 12V at the output. Some DC-DC power converters have a fixed output reference and ensure
that such voltage is always delivered, no matter what the input is; some others can have a variable output
reference, which can be therefore set depending on the current need of the device the power converter
is used in. The converter discussed in this work belongs to this second category. In particular, the converter
is able to deliver output voltages both higher as well as lower than (or even equal to) the input voltage;
due to this reason it is called a ”buck-boost” (or ”step-up/step-down”) power converter[1].
Figure 1: Block Diagram of DC-DC converter
Such power converters are needed in a vast number of electrical devices, which on one side is a
motivation for this project, and on the other side also explains why much research is still conducted on
this topic. Very high efficiencies have been achieved by converters currently on the market, yet the main
goal of this project is to push the everlasting quest for still-higher-efficiencies a step further, by exploiting
a novel converter topology and modern control techniques together with appropriate design choices.
1.2 Circuit Simulation Tools and Programming Languages
Following are the circuit simulation tools and programming languages that we used in the designing and
implementation of this presented work.
1. MIKROC for programming the microcontroller.
2. MATLAB 2013b for testing designed algorithms.
3. PROTEUS Professional (ARES , ISIS) and MULTISIM for designing and simulating electrical circuits
and designing PCB’s.
4. C language for writing the microcontroller’s algorithms
1.3 Hardware Resources
1. PIC18F46K20 Microcontroller for controlling charge rates and displaying parameters on LCD.
Chapter 2
Research and Review of Literature
For complete system designing different converter topologies have been studied. Some of them are
discussed below as these are main part in designing complete system.
2.1 Buck Converter Topology
Buck converter is basically a converter which steps down the voltage and steps up the current. Linear
regulators are common things for reducing level of voltage to a specified one, but there are many
disadvantages of using linear regulators as they dissipate excess power in terms of heat thus not suitable
for some of the systems. Buck converters as compared to linear regulators are very efficient(95% or
greater in case of integrated circuits), which makes buck converter useful in applications in which power
dissipation is a critical issue.
Figure 2: Circuit Diagram of Buck converter
Fig.2 shows the general circuit diagram of Buck converter. Inductor current is controlled by two switches
the diode and transistor. In ideal cases the diode and switch has almost no voltage drop when operated
in on state and almost no current flow, when in off state and the zero series resistance is offered by
inductor. Fig 3 and fig 4 shows the on and off states of transistor[2].
Figure 3: ON State of Buck Converter
Figure 4: OFF State of Buck converter
The main design of buck converter is simply understood by making a relation between the voltage and
current of inductor . When the switch is in open condition (in the "off" position), the current flowing in
the circuit is zero. Firstly when the switch is in close position, increase in current appears in the circuit,
and an opposing voltage will be produced by inductor across its ends because of that changing current.
This drop in voltage counteracts the source voltage and hence it minimizes the voltage across the load. As
time passes the rate at which current changes decreases due to this fact inductor voltage also decreases
which results in an increase in voltage across load terminal.
At that time, the energy is stored in the inductor. This energy is in magnetic field form. When the current
is changing and the switch is also open at the same time, then at inductor terminals there will always be
a voltage drop and the net voltage that appears across the load terminal will be less as compared to the
input voltage source. When the switch is again in open condition, there is a disconnection between voltage
source and the circuit, and because of this net current decreases. Because of this change in current a
change in voltage appears across inductor terminals and it aids the source voltage. The energy that is
stored in the inductor is discharged and transferred to the rest of circuit at that time. The voltage at load
terminal will be greater than zero if inductor is not fully discharged before closing of the switch[2].
2.2 Boost Converter Topology
Boost converter is a step up converter. Its output voltage is greater than its input voltage. It also consists
of two switches diode and transistor same as buck converter and energy storing element inductor. A boost
converter is sometimes called a step-up converter since it “steps up” the source voltage. Since power
(
) must be conserved, the output current is lower than the source current.
Figure 5: Boost Converter Circuit Diagram
Inductor resists the changes in current. The magnetic field is created and destroyed during this process
and this key principle is employed in boost converter. The output voltage of a boost converter is always
greater than th input source voltage. Fig.5 shows the boost converter circuit diagram.
(a) The current flows through the inductor when the switch is closed. The current direction is clockwise,
and a magnetic field is generated by inductor and energy is stored inside it. The inductor polarity is
positive.
(b) when the impedence is higher the current decreases and this happens when the switch is open.the
current flows towards as a result of destruction or previously created magnetic field. The polarity of the
inductor is now opposite as from the earlier case, due to this fact the capacitor will be charged through a
diode D in the circuit[3].
If the switching of the switch is made at a rapid pace, then during the charging states the inductor will not
be fully discharged, and a greater voltage will be appeared across the load.the capacitor is in parallel when
the switch is in open condition so it is also charged to the load voltage level. When the switch is closed
the capacitor provides the energy and voltage to the load, and the diode which is in reverse direction
prevents it to discharge. Care must be taken to again open the switch before the capacitor discharge too
much[3]. When the switch opens capacitor again charges to the high value and thus again the voltage is
maintained.
Figure 6: On and Off states of Boost converter
There are two major states in understanding the principle of Boost converter (see fig. 6):


In fig.6 when the switch S is closed, it results in an increase in inductor current.
When the switch S in fig.6 is open hence the only path for inductor current to flow through is from
diode D. the capacitor C and the Load “Rload”. During this state the energy that is stored in
inductor L during the previous state when position of switch is closed, transferred to the
capacitor.
This is one of the most important difficulties encountered while developing a controller for this mode of
the circuit and for the whole buck-boost topology: the set of differential equations governing them is a
set of non-linear equations (nonlinear both in the states and in the inputs). It is therefore mandatory to
make some sort of linearization at some point (being it a single linearization or multiple linearizations
arising in a PWA approach) in order to apply standard control techniques. Control of a non-linearized plant
should not be undertaken in a first approach for the control strategy.
Thus, it is clear that more care is needed to gain the model this time compared to the buck version, while
the procedure is basically the same: first determine the set of differential equations valid in each of the
two circuit states emerging from the two switching positions . Then multiply them by the portion of time
in which they are active, and then sum them together . This is the set of non-linear differential equations
described in the previous paragraph. This set of equations is then linearized around some operating point,
and only then a standard matrix formulation of the state-space model can be formulated. It is to be noted
that formulating the set of non-linear equations in terms of some matrices prior to linearization is possible
to a certain extent, but can be confusing and is therefore avoided here. Also note that the equations are
first merged and only after that they are linearized.
2.3 Buck-Boost Converter Topology
In Buck-Boost converter the output voltage across the load is either less or greater than the input source
voltage. The output voltage level depends on the requires system requirements.
Buck-Boost converter has two different topologies. These topologies are able to produce a variety of
voltages, ranging from a voltage that is very high in magnitude than the input source voltage, and to
almost zero output voltage.
The Buck-Boost converter working principle is quite simple and is clearly seen in fig.7.
Figure 7: Buck-Boost Converter On-Off states
When the switch S is in on condition, the inductor L has a direct connection with input voltage source. The
energy is stored in inductor by creating a magnetic field as a result of this phenomenon. Energy to the
load is supplied by the capacitor C during this stage. When the switch is off the inductor has connection
with capacitor and load, so it provides energy to the Capacitor and load.
Buck-boost converter has different characteristics as compared to boost and buck converters. These
mainly includes:




Input voltage polarity is opposite as compared to the output voltage.
For ideal converters the voltage of output can change continuously from 0 to - ∞.
For buck converter the range of output voltage is 0 to 𝑉𝑖.
For boost converter the range of output voltage is from 𝑉𝑖 to 0[7].
The resistance of inductor to change in current is an important phenomenon, and same is employed in
buck-boost converter. When the switch is open nothing is charged as no current flows inside the circuit
so inductor current is zero. When the switch is closed for the first time, the diode D which is placed in
reverse polarity blocks the current to flow towards the load end, thus allowing the current to pass through
the inductor. Inductor resists sudden change in current , so it drops maximum of the voltage provided by
the input source voltage. During the passage of time the inductor decreases its voltage drop which allows
the current to increase slowly. The inductor stores energy inside it as a result of magnetic field[7].
2.4 Super capacitor
Super capacitor or ultra-capacitors are common term for the family of electrochemical capacitors. These
capacitors don’t possess a solid dielectric. These are classified into three families based on their electrode
designs.



Double-layer capacitors – These are the type of capacitors with carbon electrodes o derivate one
which has a very high double layer electrostatic capacitance as compared to the electrochemical
pseudo capacitance.
Pseudo capacitors – These are the capacitors which consists of metal oxide electrodes or
conducting type polymer electrodes. These also have a very high value of electrochemical pseudo
capacitance.
Hybrid capacitors – These are the type of capacitors with asymmetric type electrodes, one of the
electrodes contains electrostatic capacitance while the other one contains electrochemical
capacitance, as in the case of lithium-ion capacitors[4].
Figure 8: Super capacitor Types Hierarchical classification
Super capacitors minimizes the gap that is created between rechargeable capacitors and conventional
capacitors. Their energy storage per mass is very good as compared to other capacitors. These capacitors
are polarized and hence care should be taken while using these capacitors. Their applications include:


Supply of low current to static random access memory (SRAM) for memory backup.
Power for trains, cars, cranes, elevators, short term energy storage and burst-mode power
delivery.
Super capacitors mainly made up of two electrodes. An ion permeable is used for the separation of these
two electrodes. This layer is also known as separator. An electrolyte is used to connect both the electrodes
electrically. When a voltage is applied at both electrodes of capacitor, an double electric layer is formed,
which has both positive and negative ion layers. These are deposited on opposite electrode in mirror
image[4].
A series circuit of capacitors is formed by the two electrodes. These capacitors are named as C1 and C2.
The total capacitance 𝐶𝑡𝑜𝑡𝑎𝑙 is calculated by the formula
𝐶𝑡𝑜𝑡𝑎𝑙 = C1.C2/C1+C2
(1.1)
Symmetric type electrodes and asymmetric type electrodes both exists in super capacitors. When there
is symmetric electrodes it means that same capacitance value is being offered by both electrodes.. If C1
= C2, then 𝐶𝑡𝑜𝑡𝑎𝑙 = 0.5 ⋅ C1. From the relation it is clear that the value of capacitance reduces to half in
case of symmetric electrodes.
In case of asymmetric type of electrodes the value of both the electrodes differ. One electrode has higher
value and the other one has a lower one. If C1 >> C2, then 𝐶𝑡𝑜𝑡𝑎𝑙 ≈ C2. So from the relation it is clear
that in case of asymmetric electrodes the net capacitance of electrodes is almost equal or greater than
the smaller value capacitance[4]. Electric energy is stored as a double-layer effect in electrochemical
capacitors. There is no conventional solid dielectric which separates these charges.
2.5 Microcontroller study
For controlling purpose microcontroller study is an important task. PIC microcontroller is selected as it is
suitable for our requirements and also easily available in the market. PIC microcontrollers are based on
“Modified Harvard Architecture”. The name PIC stands for "Peripheral Interface Controller”, well known
for its 8-bit microcontrollers developed by “Microchip Technology”.
2.4.1 PIC Architecture
PIC PIC18F46K20 is 8-bit Mid-Range microcontroller from Microchip. Because of its low price, it is widely
used for experimental and modern applications. It is ideal for motor control applications, machine control
applications, measuring analog devices and instruments, etc. The PIC18F46K20 feature all the
components which we require in this research project. The figure of a PIC18F46K20 chip is shown below.
Figure 9: PIC18F46K20 (Courtesy http://www.micrcohip.com)
Literature: “PIC Microcontrollers-An Introduction to Microelectronics by Martin P. Bates” provides a
comprehensive and fully illustrated introduction to PIC microcontrollers. It also provides fully documented
code examples, demo hardware, debugging methods and detail discussion on numerous control system
applications.
2.5 Control Algorithms
Different control algorithms have to be analyzed and studied to understand their working and for their
proper implementation in current design scenario.
2.5.1 Proportional Control Action
Proportional action is the simplest and most commonly encountered of all continuous control modes. In
this type of action, the controller produces an output signal which is proportional to the error. Hence, the
greater the magnitude of the error, the larger is the corrective action applied[5].
A proportional control system is basically a linear feedback control system. The main and common
mechanical examples of proportional control system includes:


Toilet bowl float Proportioning valve
Fly-ball governor
The on-off control systems like in AC thermostats and other such appliances are much simpler as
compared to proportional control systems, but if we compare proportional control systems with a
proportional-integral-derivative (PID) system it looks very simple. PID control used on an automobile
cruise system or in an autopilot system is very complex as compared to a proportional one. Response time
is an important factor in deciding the controller type. In cases where the response time is relatively very
long on-off controller is a better choice as it is simpler to make. This on-off will be less stable if a rapid
response time is required by the system. Proportional controller overcomes this instability but complexity
is a trade-off in this scenario[10].
While controlling the speed of the car an on-off controller is employed by changing the duty cycle to either
zero percent or 100 percent which delivers either full power to system or no power to the system. To
achieve the desired speed full duty cycle is provided which result in full power and when desired is
achieved the duty cycle is set to zero which lessens the speed. When again the speed falls below the
threshold value again full duty cycle is employed which results in full power to the system. This control
results in very variations in speed of a car and is very instable. Instability increases with the engine power.
If we have an engine with high power it will be very instable and prone to speed changes. Proportional
controller is a better choice in this case and preferred by many of the designers to avoid instability. It
changes the speed of the car in proportion to the error. If the car speed is more than the desired speed
limit it reduces the power as a result the speed of the car reduces and vice versa is employed[10].
2.5.2 Integral and Derivative Controls
Integral action gives an output which is proportional to the time integral of the error. It is also called reset
control. It is possible to use integral action itself, but this is not a common situation[5]. action gives an
output which is proportional to the derivative or the rate of change of the error. It is also known as rate
control. This kind of action could not be used alone in practice. This is because its output is only related
to the rate of change of the error. The error could be huge, but if it were unchanging, the controller would
not give any output. Thus although it is theoretically possible, it is practically impossible[5].
2.5.3 PID controller
A proportional-integral-derivative controller (PID controller) is a type of control mechanism which is most
widely employed in industrial systems because of its better stability and accuracy. An “error” value which
is the difference between the measured value and the desired set value is calculated by the PID controller
and upon this error the feedback is fed to the system and the response of the system is made. It tries to
minimize the error in the output by adjusting the value of process control inputs[11].
There are mainly three different parameters which are used in PID controller and because of these three
parameters it is sometimes referred to as three-term control algorithm. These three parameters includes:



Proportional “P”
Integral “I”
Differentiator “D”
These three parameters and their values can be understood in terms of time. The proportional value P
mainly depends on the present error, the errors that are occurred in the past lie in in the integral value
category whereas the future values prediction lie in Derivative category. Based upon the three received a
weighted value is calculated and a response is fed to the system to perform certain action[13].
Best response of the system can be achieved using PID controller, but it is far more complex than other
controllers. Different applications require different parameters to perform their required actions. Some
applications require one, some may require two or three actions to provide an accurate control to the
system. A common example in which a control action is requires is adjusting the hot and cold faucets.
These are used for filling the container with water. The water should be filled at a desired temperature,
and it is done by mixing both cold and hot water in an appropriate amount.
In manual control the labor checks the temperature of water by touching. Based on the observation of
labor he adjusts the hot and cold faucets, again same process is employed until the desired level is
achieved. When making a control system for that some terms should be taken into account for
understanding purposes. The temperature of the water which is sensed is referred to as process variable
(PV). The temperature of water which is required by system is referred to as set point (SP). Output of PID
controller which is also the input to the system is referred to as manipulated variable (MV) or it can be
referred to as a control variable (CV) as it is controlling the system. Error (e) is referred to as the difference
between the desired and sensed value of temperature. The error is a measure whether the water inside
the container is cold or hot and how much it is hot or cold.
After measuring temperature and calculating error the PID controller decided the value of manipulated
variable. This is referred to as proportional control. Position of tap is set in proportion of current error.
Derivative action is added by measuring rate of change of temperature. It may be employed by adding
hot water if the temperature is too cold and adding cold water if temperature is too hot. Integral action
is then performed by using the average temperature value in past measurements and it set the tap in
proportion to past errors. Overshoot may occur in such systems by making a large change even when the
error is very small. The changes in system tap settings may not be too frequent as it results in an oscillating
system. This system is also unstable
Chapter 3
Research Methodology
After studying all different techniques and all the procedures the main step is to divide the project in
different parts, which is an important part of research methodology.
The project is divided into two major parts.


Software
Hardware
3.1 Software
Software part of project consists of simulations that are performed using different electronic software’s.
major software’s used for the simulations are discussed in introductory part of report. Programming of
microcontroller is an important task in designing control algorithms of the system. C language is preferred
for programming microcontroller. All control actions have been performed by the Microcontroller. In
software part simulation is performed by breaking the whole designs to sub parts and then combining all
the parts and final simulation is performed.
As the whole system is quite complex so a modular approach is used in designing the whole system. Main
modules of the system are buck converter, boost converter and microcontroller. For microcontroller
section C code is written and after compiling the code its hex generated file is used in the simulation to
check and verify its results with other systems. Buck converter stage is verified in the first step and then
the boost stage then both of these stages are combined with a super capacitor place In between the
stages and final results are verified.
3.2 Hardware
After verification and testing of circuit its hardware is next task. For hardware implementation all of the
components that are used in the software section are needed. A printed circuit board (PCB) is made for
this hardware implementation. After making of PCB all the selected components which are used in
simulation are place on PCB and their results are matched with the software results. Liquid crystal display
(LCD) is interfaced with microcontroller which after converting the analog values to digital one display it
on LCD. LED’s are also used for monitoring the system state.
Chapter 4
Design and Implementation
Design and implementation is done after deciding research methodology. As discussed earlier we have
two major parts.
For simulation purpose system is further divided into three sub portions.



Buck converter stage
Boost converter stage
Microcontroller Stage
4.1 Buck Converter Stage Designing
Buck converter stage in current design is used to charge the super capacitor which is placed in between
Buck and Boost stages. Fig 10 shows the circuit designed in PROTEUS for simulation of Buck Converter
Stage.
Figure 10: Proteus circuit diagram of Buck Converter Stage
The above circuit consists of DC input voltage source BAT1, Controlled switch Q1, diode D1, filter inductor
L, capacitor C2and load resistors R2 and R7. Typical waveforms in the converter are shown in fig 11
assuming that the inductor current is always positive. The converter state in which inductor current is
never zero for any period of time is called continuous conduction mode(CCM).
Figure 11: Buck Converter Timing waveforms
From fig. 10 it can be seen that when the switch Q1 is commanded to on state, the diode D1 is in reversebiased condition and when the switch Q1 is in off state the diode D1 conducts. When the diode conducts
it supports an uninterrupted current in inductor. The relationship between converter different parameters
can be derived from the waveforms in fig.11. The inductor volt-second product over a period of steady
state operation is zero according to Faradays Law. So for Buck converter we have.
(𝑉𝑠 − 𝑉𝑜)𝐷𝑇 = −𝑉𝑜(1 − 𝐷)𝑇
(4.1)
The Dc voltage transfer function which is defined as the ratio of the output voltage to the input voltage
can be expressed as:
𝑀𝑣 = 𝑉𝑜/𝑉𝑠 = 𝐷
(4.2)
From equation (4.2) we can say that the value of output voltage is always less than the value of input
voltage. The inductor current 𝐼𝑙 distinguishes the DC-DC converter operation into two major modes.
Figure 11. Shows the continuous current mode which clearly states that the current of inductor is always
more than zero value. Converter enter in the discontinuous current mode when any of the following
condition occurs i.e. :


Output current average value is low
Switching frequency ‘f’ is low
When the converter in in discontinuous current mode, for some portion of switching period of time the
current flowing in the inductor is zero. In application where high accuracy is required and for better
utilization of passive electronic components continuous current mode is preferred as compared to
discontinuous current mode. In common speed control applications the discontinuous current mode
technique can be used. Both of these two operational modes of converters have different algorithms so
it is not a wise thing to mix these two modes. Based on the application type the mode is selected. For the
buck converter, the boundary line which separates the continuous current mode from discontinuous
current mode depends on filter inductance and it is given as [6]:
𝐿𝑏 = (1 – 𝐷)𝑅/2𝑓
(4.3)
In continuous current mode there is a dc component 𝐼𝑂 of filter inductor current 𝐼𝐿. This dc component
is superimposed by a triangular AC component. The triangular AC component flows in the form of current
𝐼𝑐 through the filter capacitor. A small ripple voltage is generated by this flowing of current 𝐼𝑐 at the
output dc voltage 𝑉𝑜. This ripple value needs to be limited. The minimum value of the capacitance which
is used to limit this ripple is calculated from the following equation:
𝐶𝑚𝑖𝑛 = (1 – 𝐷) 𝑉𝑜/8𝑉𝑟 𝐿𝐹 2
(4.4)
Equations (4.3) and (4.4) are the main equations that are used in designing buck converter. The main task
is to calculate the values of inductor and capacitor, and the switching frequency of transistors. Filter
inductor L value is calculated from the above equations. The Voltage ripple equation (4.4) is used in
calculating the filter capacitor C value. Small passive components are better to use in design. It reduces
conduction losses in a converter. High switching frequency is also a better option to obtain a better design
as depicted from equation (4.3) and (4.4). The effect of parasitic components includes many changes in
the circuit design. It may change the value of inductor L and capacitor C, also it affects the series equivalent
resistance of the circuit. Following values of inductor and capacitor are used in current design of Buck
converter[6].
Table 1: Values of Components used in Buck converter
Component name
Inductor
Capacitor
Value
387.525 𝑢𝐻
30 𝑚𝐹
4.2 Boost Converter stage
Figure 12 shows a boost converter circuit whose simulation is performed in PROTEUS. It consists of a dc
input voltage source BAT1, Controlled switch Q4, diode D1, boost inductor L1, filter capacitor C2and load
resistors R2 and R11.
Figure 12 : Proteus circuit diagram of Boost Converter Stage
The converter waveforms in CCM are shown in fig 13. When the switch Q4 is in on state boost inductor
current increases linearly and the diode is off at that time. When the switch Q4 is in off state the energy
that is stored in the boost inductor is transferred to the diode to the output RC circuit.
Figure 13: Boost Converter Timing waveforms
Using Faraday’s law for the boost inductor we have:
𝑉𝑠𝐷𝑇 = (𝑉𝑜 – 𝑉𝑠)(1 – 𝐷)𝑇
(4.5)
The dc voltage transfer comes out to be:
𝑀𝑣 = 𝑉𝑜/𝑉𝑠 = 1/1 – 𝐷
(4.6)
The output voltage is always greater than the input voltage as it is indicated from its name.
The boost converter operates in CCM for 𝐿 > 𝐿𝑏 where,
𝐿𝑏 = (1 − 𝐷)2 𝐷𝑅/2𝑓
(4.7)
As shown in Fig.13 , the output RC current is discontinuous. A voltage ripple results because of this
discontinuity so filter capacitor C value needs to be high as used in the buck converter designs. When the
diode D is in off state the filter capacitor C must provide the desired current to the load. The minimum
value of the filter capacitance that results in the voltage ripple 𝑉𝑟 is given by:
𝐶𝑚𝑖𝑛 = 𝐷𝑉𝑜 /𝑉𝑟 𝑅𝐹
(4.8)
Values calculated using above equations is given in table 2:
Table 2: values of Components used in Boost converter
Component name
Inductor
Capacitor
Value
20 𝑢𝐻
33 𝑚𝐹
4.3 Microcontroller Stage
After designing and verification of Buck and boost stage microcontroller stage is implemented for control
purpose. PIC18F46K20 Microcontroller for controlling charge rates and displaying parameters on LCD. Fig.
14 shows the microcontroller circuit along with LCD.
Figure 14: Microcontroller interface with LCD
Load current and converter voltages are the inputs for the microcontroller. It converts the analog values
to digital one and displays on the LCD for monitoring purposes. Depending on the values received from
different sources it generates PWM signals that are fed to MOSFET’S drivers which are used to drive the
MOSFET’s that are used in Buck and Boost converter design. PWM signal varies with converter current
and voltage values that are fed to MCU. Fig 15 shows the PWM signals that are generated by MCU for
control purposes.
Figure 15: PWM signals generated by Microcontroller
Switch SW1 and SW2 shown in Fig. 14 are used to set the value of current set point. SWI will increment in
current set value while SW2 is used to decrement the current set value.
4.4 Buck Boost with super capacitor
After designing all the separate portions of the system its integration is the next step. A super capacitor is
used in between both buck and boost stages. Super capacitor has initially a charge of 5.6V. the value of
super capacitor used in current design is 3𝐹. A relay is attached with super capacitor which separates the
Buck and boost stage. The control signal is send from the microcontroller to the relay. When the charge
on the super capacitor is more than 6V the MCU sends the signal to relay and it separates both stages.
When it reaches the desired value again a signal is send from MCU which again connects both the stages.
Fig .16 shows the complete circuit diagram that is simulated in PROTEUS. A constant current is maintained
using this technique.
Figure 16: Busk Boost with Super capacitor
4.5 MATLAB Modeling
MATLAB modeling of the system is performed in order to verify the system behavior. Same strategy is
followed Buck converter followed by a super capacitor and then boost converter. Fig 17 shows the
complete mathematical model of the system that is simulated using MATLAB. Complete system includes
Buck converter, Boost converter and Controller Blocks. The important parameters are then displayed on
the
scope.
Figure 17: Mathematical Model of constant Current Buck- Boost converter
In above figure Subsystem block contains Buck converter part. Fig 18 elaborates the subsystem block.
Figure 18: Buck Converter Mathematical model
The switch receives pulses from Buck controller. In Buck controller block a PID controller is implemented
which generates pulses “ Buck_P” that are transferred to the switch in the Buck converter model. During
the on state the inductor stores energy inside it in the form of magnetic field. When the switch is in off
condition the stored energy is then transferred to the capacitor and the load terminal. Fig.19 shows the
Buck controller mathematical model implemented in MATLAB.
Figure 19: Mathematical model of Buck controller
For separation of buck and boost converter a breaker block is added in between them. It acts the same as
the relay. A charge controller block is implemented in this block which monitors the voltage on super
capacitor and connects and disconnects the buck and boost converter blocks accordingly. Charge
controller sends the signal to the ideal switch block depending on the voltage on the super capacitor. The
ideal switch then connects or disconnects the boos converter stage. Fig. 20 and Fig. 21 shows the
mathematical blocks of breaker and charge controller.
Figure 20: Mathematical model of Breaker
Charge controller model is shown in below figure. It monitors the super capacitor voltage. The threshold
level is defined at 5.5 V. when it is above 5.5 V the switch changes its states and goes from low (0) to high
(1).
Figure 21: Mathematical model of charge controller
Boost converter model is implemented after these blocks. Fig 22. Shows the mathematical model of boost
converter. “Boost” + and “Boost –“ shows the source voltage that is fed from the buck converter stage. It
receives pulses “Pulses_SF” from Control system Abdul block. These pulses are generated using a PI
controller. These are fed to the gate of the switching MOSFET. Fig.23 shows the detailed view of Control
System Abdul Block in which PI controller is implemented.
Figure 22: Mathematical Model of Boost converter
Fig. 23 shows the control block that generates pulses that are fed to the boost converter model. It then
maintains current to a constant value. A proportional and integral controller is implemented in the control
block that generate pulses that are fed to the boost converter stage switch. The integral gain 𝐾𝑖 is set at
a value of 5 whereas the proportional gain is set at a value of 0.003.
Figure 23: Mathematical Model of Control System Block for Boost converter
Fig.24 shows the results that are obtained after complete system integration. Complete system includes
the Buck converter stage with a super capacitor and then a boost converter stage. From figure.24 it is
clearly seen that the voltage of converter is maintained at a constant value of 5 V and the current is
maintained at a constant value of 1.7 Amp. Initially when the simulation starts the output voltage rises
up to 9 V level because of this the current flowing through the load also increases. The controller tries to
maintain the voltage to a desired level, however after some duration the steady response is achieved and
voltage is maintained at a level of 5 V. A super capacitor is attached after the buck converter stage. Buck
converter stage is used to charge the super capacitor. Initially super capacitor has some charge. When the
voltage on super capacitor exceeds the value of 5.5 V that is defined in charge controller block the charge
current start decreasing as it is also clear from the results. Charger state is also shown in the results when
its below 5.5 V charge state is zero and when it is above 5.5 V the charge state goes from low to high.
Figure 24: Test results of Constant current Buck-Boost Converter
Fig. 25 shows the voltage of Buck converter stage and the pulses that are generated from the Buck
controller. These pulses that are generated from the Buck controller stage are fed to the switch inside the
Buck converter stage. The duty cycle of these pulses are set accordingly as per the needs of the system.
As seen from the below figure voltage output from the buck converter stage is maintained at 6 V level.
There is an increase up to 9 V level then the controller maintains it at a level of 6V. This is used to charge
the super capacitor.
Figure 25: Voltage and Buck Controller Pulses
4.6 Hardware Implementation
After verification and analysis a hardware is made for the testing of complete system. A printed circuit
board (PCB) is made using PROTEUS. Fig. 26 shows the printed circuit board designed for the current
system. Printed circuit board (PCB) routing is made taking into account the current requirements, as track
width depends on the current flowing through it. Different software’s are used for calculating track width.
A connector terminal is also placed in printed circuit board which is used for the external connection of
LCD with it which is used for displaying the monitoring parameters.
Figure 26: PCB of constant current Buck-Boost Converter
Fig.27 shows the 3D visualization of PCB with components placed. Major components as seen from the
PCB includes Microcontroller, MOSFET’s, Super capacitor and inductors.
Figure 27: 3D view of PCB
Chapter 5
Evaluation
The main objectives of the system is to achieve a constant current Buck-Boost converter with super
charger. A modular breakdown includes:







Buck converter designing
Boost converter designing
Super capacitor charging using Buck converter
Programming of the microcontroller for control purpose
Combining of both stages and achieve a constant current DC-DC buck-boost converter
Interfacing LCD for displaying the important Parameters
Hardware Implementation
All of the objectives that are described in the above section met with a desired accuracy. Integration of
Buck and boost stages work with a good level of accuracy. The control algorithms that are used in
controlling the buck-boost parameters work fine. Capacitor and inductor values are of great concern in
buck and boost converter designing. Switching frequency is also an important parameter.
Chapter 6
Conclusions and Recommendations
Designing of constant current Buck-Boost converter with super charge capacitor deals in multiple steps.
A buck converter stage is implemented in the first step. After a rugged and complex calculation, values of
all the components are calculated using mathematical formulas. These values are then used in circuit
simulations and the results are analyzed.
Next step is the charging of super capacitor. The required value of super capacitor is used as per system
best performance. Then super capacitor is charged using buck converter model and its results are analyzed.
After testing it several and attaining the results as per the desired one the next stage is the
implementation of Boost converter stage.
Same mathematical calculations is performed for boost converter as for the buck converter, mathematical
equations are a bit different than buck converter scenario. After the calculation these values are used in
circuit simulations and results of simulations are verified. A relay is placed between buck converter and
boost converter stage. The function of relay is to separate both the staged when super capacitor is charged
up to a certain threshold value. This threshold value is set by the user as per system requirements.
When the super capacitor is charged up to the threshold value a control signal is generated from
microcontroller which separates the buck stage from the boost converter stage. Super capacitor used is
initially charged up to 5.6 V level. After combining all the states a constant current is maintained. A
constant voltage of 12 V is maintained across the load and a current of 3.87 𝐴𝑚𝑝 is maintained. A
hardware is manufactured as per the circuit designed in the software and its results are analyzed and
compared to the software simulation results. The results obtained are almost the same as obtained in the
software simulation.
There are various other designs for the implementation of constant current DC-Dc converters. Other
schemes use other converter types such as fly back converters, cuk converters etc. simplification can also
be made in current design as this is the beginning. To make it a compact design SMD components can be
used instead of through hole components. Power dissipation issues can be resolved in Mosfet’s.
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Appendix I
Microcontroller Source code
unsigned short Duty_P1, Duty_P2;
void Read_ADC1();
void Read_ADC2();
void Read_ADC3();
void Read_ADC4();
long Vin0,mV0,mV0_0,Vin1,mV1,mV1_0,Vin2,mV2,mV2_0,Vin3,mV3,mV3_0;
int V1,V2;
float V1_0,V1_1,V1_2,V1_3,I_SC,Setpoint_Bu=6.4,Setpoint_Bo=4.2;
void main ()
{
char op[21];
int num=0,a;
TRISB=0xF0;
PORTB.F0=1;
Lcd_Init(&PORTD);
// Lcd_Init_EP4, see Autocomplete
// Initialize keypad on PORTC
LCD_Cmd(LCD_CLEAR);
// Clear display
LCD_Cmd(LCD_CURSOR_OFF);
// Turn cursor off
Start:
LCD_Out(1,2,"Current Boost");
LCD_Out(2,6,"Converter ");
Delay_ms(1500);
// Print text to LCD, 2nd row, 6th column
// Print text to LCD, 2nd row, 6th column
// Print text to LCD, 1st row, 1st column
LCD_Cmd(LCD_CLEAR);
// Clear display
LCD_Out(1,2,"By:LCD_Out(2,2,"
");
// Print text to LCD, 2nd row, 6th column
Abdul ");
Delay_ms(1500);
// Print text to LCD, 2nd row, 6th column
// Print text to LCD, 1st row, 1st column
LCD_Cmd(LCD_CLEAR);
// Clear display
PORTB.F0=0;
ADCON1=0x07;
PWM1_Init(20000);
// Initialize PWM1 module at 5KHz
PWM2_Init(20000);
Duty_P1= 127;
// initial value for current_duty
Duty_P2= 190;
// old_duty will keep the 'old current_duty' value
PWM1_Start();
PWM2_Start();
do{
Read_ADC1();
Read_ADC2();
Read_ADC3();
Read_ADC4();
} while(num++<=4) ;
sprintf(op,"V10=%.1f V11=%.2f ",I_SC,V1_1);
LCD_Out(1,1,op);
sprintf(op,"V1_2= %.1f %.2f ",V1_2,(float)Duty_P2/255*100);
LCD_Out(2,1,op);
for(;;)
{
if( Button(&PORTB,7,1,1))
Duty_P1=Duty_P1+5;
if( Button(&PORTB,6,1,1))
Duty_P2=Duty_P2+5;
Read_ADC1();
Read_ADC2();
Read_ADC3();
Read_ADC4();
PWM2_Change_Duty(Duty_P2);
PWM1_Change_Duty(Duty_P1); // set new duty ratio,
sprintf(op,"V10=%.1f V11=%.2f ",V1_3,V1_1);
LCD_Out(1,1,op);
sprintf(op,"V1_2= %.1f %.2f ",V1_2,(float)Duty_P2/255*100);
LCD_Out(2,1,op);
if(V1_2>=Setpoint_Bu)
Duty_P2=Duty_P2-2;
if(V1_2<Setpoint_Bu)
Duty_P2=Duty_P2+2;
if(V1_3<6.0)
{
PORTB.F0=0;
a=23;
}
if(V1_3>=6.0&&a!=23)
PORTB.F0=1;
if(V1_1>=Setpoint_Bo)
Duty_P1=Duty_P1-2;
if(V1_1<Setpoint_Bo)
Duty_P1=Duty_P1+2;
}
}
void Read_ADC1()
{
Vin0=ADC_Read(0);
mV0 = (((Vin0 * 5000) >> 10)+1);
mV0_0=mV0;
V1_0=(float)(mV0_0)*4/1000;
}
void Read_ADC2()
{
Vin1=ADC_Read(1);
mV1 = (((Vin1 * 5000) >> 10)+1);
mV1_0=mV1;
V1_1=(float)(mV1_0)/100;
}
void Read_ADC3()
{
Vin2=ADC_Read(2);
mV2 = (((Vin2 * 5000) >> 10)+1);
mV2_0=mV2;
V1_2=(float)(mV2_0)/1000;
}
void Read_ADC4()
{
Vin3=ADC_Read(3);
mV3 = (((Vin3 * 5000) >> 10)+1);
mV3_0=mV3;
V1_3=(float)(mV3_0)*4/100;
I_SC=V1_0-V1_3;
}
Appendix II
Components Details
Following are the components with values which are used in the design of constant current Buck-Boost
converter.
Diode 1N4007
Mosfet’s IRF 3205
Msosfets driver IRF2106
Microcontroller PIC18F46K20
Crystal 24MHz
Capacitor 33pf, 3F, 30mF, 33mF, 1000uF
Resistor 4ohm, 0.1ohm, 0.5ohm, 3ohm, 1K, 10K
Inductor 387uH, 20uH
Led red, green
LCD LM016
Voltage regulators LM7805
Battery 12V
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