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ABSTRACT 

 

 

 

 

The use of the DC-DC Converters has become more common in recent years. 

It also is one of the mostly used power electronic circuits and it has applications in 

various areas ranging from portable devices to aircraft power system. Various 

topologies of dc-dc converters are suitable for different applications. In this project, a 

prototype of the converter is constructed by using power switches, capacitors and 

inductorless components assures a small size, light weight and high power density of 

power supply. The selection of suitable switched capacitor is important to get the 

desired output. PSpice simulation and hardware implementation result will prove that 

the design circuit of “12 V – 5 V Switched Capacitor DC-DC Converter” can convert 

12 V input power supply to the desired output 5 V. 
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ABSTRAK 

 

 

 

 

Penggunaan Penurunan DC-DC telah menjadi lebih kerap berlaku di tahun-

tahun kebelakangan ini. Ia juga merupakan salah satu kebanyakan penggunaan kuasa 

litar elektronik dan ia mempunyai aplikasi dalam pelbagai bidang yang terdiri 

daripada peranti mudah alih kepada sistem kuasa pesawat. Pelbagai topologi penukar 

dc-dc yang sesuai untuk aplikasi yang berbeza. Dalam projek ini, prototaip penukar 

dibina dengan menggunakan suis kuasa, kapasitor dan tanpa komponen peraruh 

untuk memastikan saiz yang kecil, ringan dan ketumpatan kuasa tinggi daripada 

bekalan kuasa. Pemilihan kapasitor pengubah yang sesuai adalah penting untuk 

mendapatkan keluaran yang dikehendaki. Keputusan simulasi Pspice dan 

perlaksanaan perkakas akan membuktikan bahawa reka bentuk litar “12 V- 5 V Suis 

Kapasitor Pengubah DC-DC” boleh menukar bekalan kuasa kemasukan 12 V kepada 

5 V keluaran yang dikehendaki. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

This chapter will explain the background of the project, objective of the 

project, scope of the project and problem statement. In this introduction section the 

review of Switched Capacitor DC-DC Converter will be discuss more detail. 

 

 

 

 

1.1 Background of the Project 

 

 

A dc-dc converter is an electronic circuit that allows for the conversion of 

direct current (dc) from one level of voltage to another level of voltage. Many 

consumer and industrial electronic products, such as LCD drivers, pocket computer 

systems etc, require more than one voltage sources. Hence, dc to dc converters are 

required for these applications. 

 

 

A dc to dc converter has two main types of topologies, which are inductive 

converter and switched capacitor converter. Both of them according the components 

use to store and transfer energy. For many years, application of power supply in use 

is inductive converter. But in recent years, there is an increasing demand on the 

power converters with small size, light weight, high conversion efficiency, and high 

power density. All the features required are available on capacitor converter or 

inductorless converter. A switched capacitor is an integrated circuit element 

consisting of some switched and capacitor in which the capacitors are energy storage 
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components. Some switched refer to power switches. The power switches can be 

categorized into three groups. There are uncontrolled, semi-controlled and fully 

controlled. 

 

 

 

 

1.2 Objective of the Project 

 

 

The objectives of this project are: 

 

i) To simulate the circuit by using PSPICE. 

ii) To design 12 V – 5 V switched capacitor dc – dc converter. 

iii) To select a suitable switched capacitor for dc – dc converter. 

 

 

 

 

1.3 Scope of the Project 

 

 

The scopes of project are:  

 

i) Using MOSFET as a switched capacitor. 

ii) The converter is an inductorless. 

 

 

 

 

1.4 Problem Statement 

 

 

For this project, 12 Vdc from power supply need to convert to 5 Vdc by using 

switched capacitor. The application device by using 5 Vdc cannot get direct input 

voltage from power supply. The device can damage due to overvoltage. So, the dc to 

dc converter is a solution for this problem. 

 

 



 
 

 
 

CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

This chapter discusses a basic concept of Switched Capacitor DC-DC Converter. 

This chapter also explains a detail about selection suitable switched capacitor for dc-dc 

converter. 

 

 

 

 

2.1 Introduction 

 

 

 

 

2.1.1 DC-DC Converters 

 

 

Dc-dc converters are power electronics circuits that convert a dc voltage to a 

different dc voltage level. The isolator converter topologies are divided to three main 

types. There are buck converter, boost converter and buck-boost converter. A buck 

converter is a lowering the output voltage, step down application. A boost converter is a 

rising the output voltage, step up application. A buck-boost converter is a lowing or 

raising the output voltage. It can become to buck or boost converter [1]. 
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2.1.2 The functions of dc-dc converter are:  

 

 

a) Convert a dc input voltage, Vs into a dc output voltage, Vo. 

b) Regulate the dc output voltage against load and line variation. 

c) Protect the supplied system and the input source from electromagnetic 

interference (EMI). 

d) Provide isolation between the input source and the load. 

e) To simplify power supply systems. 

f) To match the load to the power supply [1][2]. 

 

 

 

 

Figure 2.1 Basic block diagram dc-dc converter 

 

 

 

 

2.2 Power Switches 

 

 

The power switches can be categorized into three groups. 

1)  Uncontrolled: diode 

2) Semi-controlled: thyristor (SCR) 

3) Fully controlled: power transistor (BJT, MOSFET, IGBT, GTO) 
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DC supply 

(from rectifier-

filter, battery, 

fuel cell, etc.) 

L

O

A

D 

Vcontrol  

(Derived from 

feedback circuit) 



5 

 
 

2.2.1 Uncontrolled: diode 

 

 

Diode is suitable as an internally controlled switch where it just allow the current 

flow in one direction only [1]. 

 

 

a) 

         

 

 

b) 

               

 

 

c) 

                              

 

 

Figure 2.2 a) P-N junction representation, b) diode schematic symbol, c) real 

component appearance 

 

 

 

 

2.2.2 Semi-controlled: thyristor (SCR) 

 

 

A normal thyristors is not fully controllable switches. A "fully controllable 

switch" can be turned on and off at will. Thyristors can only be turned ON and cannot be 

 

P-type 

material 

N-type 

material 

Depletion region 

Anode Cathode 

Stripe marks cathode 
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turned OFF. Thyristor is a family of three terminal devices. It has three terminals are the 

anode, cathode and gate. Thyristors are switched ON by a gate signal, but even after the 

gate signal is removed, it is remains in the ON-state until any turn-off condition occurs. 

Which can be application of a reverse voltage to the terminals, or when the current 

flowing through (forward current) falls below a certain threshold value known as the 

"holding current".  Thus, a thyristor behaves like a normal semiconductor diode after it 

is turned on or "fired". The thyristor also be able to conduct of large current and large 

voltage blocking for use in high power applications but limited switching frequencies 

between 10 to 20k Hz [1]. 

 

 

 

 

Figure 2.3 SCR schematic symbol 

 

 

 

 

2.2.3 Fully Controlled: Power Transistor (BJT, MOSFET, IGBT, GTO) 

 

 

In power electronics circuit a transistors are operated as switches. It is calling 

power transistor because it is controllable switches where as can be turned on and turned 

off by relatively very small control signal. It operated in saturation and cutoff modes 

only. No linear region operation is allowed due to excessive power losses. 
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2.2.3.1 Bipolar Junction Transistor (BJT) 

 

 

The BJT is a current-controlled device. By design, most of the BJT collector 

current is due to the flow of charges injected from a high-concentration emitter into the 

base where there are minority carriers that diffuse toward the collector. So, BJTs are 

classified as minority-carrier devices. The voltage rating VCE is less than 1000 V and 

current rating IC is less than 400 A. The switching frequency up to 5k Hz and has low 

on-state voltage VCE(sat) in range 2 and 3 V. In current driven, to obtain a reasonable IC 

the IB is required high current. The market value is high and complex base drive circuit. 

This device is not popular in new products [1]. 

 

 

 

 

 

Figure 2.4 BJT schematic symbol 

 

 

 

 

2.2.3.2 Metal Oxide Silicon Field Transistor (MOSFET) 

 

 

Metal Oxide Silicon Field Transistor (MOSFET) is a voltage-controlled device. 

MOSFET have two modes of operation, depletion and enhancement. Hence, there are 

differences in the characteristics and operation of different types of MOSFET. The 

construction of an enhancement- type MOSFET is quite similar to that of the 

iB VB 

VCE 

iC 

iE 

iC 

iE 

iB 
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depletion-type MOSFET. In enhancement mode operation, MOSFET have two type 

channel, channel and n-channel. The characteristic of p-channel is act as a reverse 

characteristic of n-channel. Turning on and off is very simple is a feature of MOSFET. 

That only need to provide VGS = +15V to turn on and 0 V to turn off. Gate drive circuit 

is simple. Basically, MOSFET is a low voltage device. It is also dominant in high 

frequency application. Since frequency is largest that 100k Hz [1]. 

 

 

 

 

 

 

 

 

 

               P – Channel E-MOSFET 

 

 

 

 

Figure 2.5 E-MOSFET schematic symbols 
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Figure 2.6 Symbol n-channel MOSFET and V-I characteristics 

 

 

 

 

2.2.3.3 Insulated Gate Bipolar Transistor (IGBT) 

 

 

Insulated Gate Bipolar Transistor (IGBT) is a combination of BJT and MOSFET 

characteristics. The device is easy to turn on and turn off. IGBT is turned on by applying 

a positive voltage between the gate and emitter and is turned off by making the gate 

signal zero or slightly negative. The gate behavior is similar to MOSFET. It has low 

losses like BJT due to low on-state Collector-Emitter. Hence, it has excellent switching 

characteristics, simple gate-drive circuit, peak current capability, high input impedance 

and snubberless. IGBTs are available in current and voltage ratings. Voltage rating, VCE 

< 3.3k V and current rating, IC < 1.2k A [1]. 
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Figure 2.7 IGBT schematic symbol and equivalent circuit 

 

 

 

 

 

 

Figure 2.8 IGBT symbol and V-I characteristics 

 

 

 

 

2.2.3.4 Gate Turn-Off Thyristor (GTO) 

 

 

Gate Turn-Off Thyristor (GTO) behaves like normal thyristor, but can be turned 

off using gate signal. However to turning off is difficult. Need very large reverse gate 

current and normally 1/5 of anode current. GTO is a current driven device. It has voltage 

rating,Vak < 5k V and current rating, Ia < 5k A. Hence, highest power ratings switch, 

frequency < 5k Hz. GTO normally required snubbers and high power snubbers are 

expensive[1].
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Figure 2.9 GTO schematic symbols 

 

 

 

 

2.3 Comparison of Power Switches 

 

 

Table 2.1 Comparison of power switches 

Features BJT MOSFET IGBT GTO 

Drive method Current Voltage Voltage Current 

Drive circuit Complex Simple Simple Complex 

Input 

impedance 

Low High High Low 

Drive power High Low Low High 

Switching 

speed 

Slow (µs) Fast (ns) Medium Medium 

Operating 

frequency 

Low (< 100 kHz) Fast (<1 MHz) Medium Medium 

SOA Narrow Wide Wide Wide 

Saturation 

voltage 

Low High Low Low 

*SOA = safe operating area 
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By refer to the Table 1; MOSFET is a suitable switch compares the other power 

switches. MOSFET have more interesting characteristics. Easy to turn on and turn off. 

Gate drive circuit is simple and faster in switching speed than others power switches. It 

has a wide in safe operating area and high saturation voltage than else. MOSFET also is 

a biggest application in switched mode power supplies (SMPS) [2][3]. 

 

 

 

 

2.4 Capacitor 

 

 

A capacitor is a passive element designed to store energy in electric field. It 

consists of two conducting plates separated by an insulator. A capacitor also acts as a 

filter. A set of capacitors in series-parallel connection may improve the efficiency of 

some step down switched capacitor converters. The capacitors in series parallel 

connections have the characteristic of charging in series and discharging in parallel [4]. 

At certain switching instants, some of the capacitors are switched to an input 

energy source so that energy is stored in these capacitors. At the same time, another set 

of capacitors are switched to the output load and deliver energy. When the switches turn 

on and turn off alternatively, those capacitors which have released energy before, are 

now switched to the input energy source and charged up while those capacitors which 

have stored energy before are now switched to the output load and deliver energy. 

Because of this operating principle, ripples usually occur at the output load voltage, 

while the ripple magnitude of the output load voltage is dependent on the capacitances 

of the capacitors, the resistance of the load, and the switching instants. Since almost all 

the applications require a steady voltage for their operations and the output ripple 

magnitude should be minimized [5][6]. 
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2.5 555 Timer 

 

 

The 555 timer has two basic operational modes: monostable and astable. In the 

monostable mode, the 555 Timer is function as a one-shot. It is said to have a single 

stable state that is the off state. Whenever it is triggered by an input pulse, the 

monostable switches to its temporary state. It remains in that state for a period of time 

determined by an RC network. It then returns to its stable state. In other words, the 

monostable circuit generates a single pulse of fixed time duration each time it receives 

and input trigger pulse. Thus the name is one-shot. One-shot multivibrators are used for 

turning some circuit or external component on or off for a specific length of time. It is 

also used to generate delays. When multiple one-shots are cascaded, a variety of 

sequential timing pulses can be generated. Those pulses will allow you to time and 

sequence a number of related operations.  

 

 

The other basic operational mode of the 555 is as astable mode. An astable mode 

is simply and the 555 Timer is function as an oscillator. It generates a continuous stream 

of rectangular off on pulses that switch between two voltage levels. The frequency of the 

pulses and their duty cycle are dependent upon the RC network values [7]. 

 

 

 

Figure 2.10 Monostable circuit 
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Figure 2.11 Astable circuit 

 

 

 

 

2.5.1  Definition of Pin Functions 

 

 

a) Pin 1 (Ground): 

 
The ground (or common) pin is the most-negative supply potential of the device, 

which is normally connected to circuit common (ground) when operated from positive 

supply voltages. 

 

 

b) Pin 2 (Trigger): 

 

This pin is the input which causes the output to go high and begin the timing 

cycle. Triggering occurs when the trigger input moves from a voltage above 2/3 of the 

supply voltage to a voltage below 1/3 of the supply. For example using a 12 volt supply, 

the trigger input voltage must start from above 8 volts and move down to a voltage 

below 4 volts to begin the timing cycle. The action is level sensitive and the trigger 

voltage may move very slowly. 
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c) Pin 3 (Output) 

 

Pin 3 is the digital output of the 555. It can be connected directly to the inputs of 

other digital ICs, or it can control other devices with the help of a few extra components. 

 

 

d) Pin 4 (Reset) 

 

Pin 4 is called the Reset input as it is this input that resets the output to the low 

state. This pin may be connected to push buttons to control the operation of the 555. 

Sometimes the Reset input is not used in a circuit, in which case it is connected directly 

to Vs. So that unwanted resetting cannot occur. 

 

 

e) Pin 5 (Control Voltage) 

 

A voltage applied to this pin will vary the timing of the RC network (quite 

considerably). The control voltage may be varied from 45 to 90% of the Vcc in the 

monostable mode, making it possible to control the width of the output pulse 

independently of RC. When it is used in the astable mode, the control voltage can be 

varied from 1.7V to the full Vcc. Varying the voltage in the astable mode will produce a 

frequency modulated (FM) output. In the event the control-voltage pin is not used, it is 

recommended that it be bypassed to ground. But if connects with a capacitor of about 

0.01uF (10nF) for immunity to noise. This capacitor acts as decoupling capacitor. It can 

help stabilize the threshold and trigger reference voltage internal to the 555 Timer. 

 

 

f) Pin 6 (Threshold) 

 

 Pin 6 is used to reset the latch and cause the output to go low. Reset occurs when 

the voltage on this pin moves from a voltage below 1/3 of the supply to a voltage above 

2/3 of the supply. The action is level sensitive and can move slowly similar to the trigger 

voltage. 
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g) Pin 7 (Discharge) 

 

This pin is an open collector output which is in phase with the main output on 

pin 3 and has similar current sinking capability. 

 

 

h) Pin 8 (V+ / Vcc) 

 

Pin 8 is where you connect the positive power supply (Vs) to the 555. This can 

be any voltage between 4.5 V and 15 V DC, but is commonly 5V DC when working 

with digital ICs. 

 

 

 

 

Figure 2.12 Pin out diagram of the 555 Timer 

 

 

 

 

2.5.2 Operation of Astable Mode 

 

 

Astable circuit is shown in figure 2.11. Both the trigger and threshold inputs 

(pins 2 and 6) to the two comparators are connected together and to the external 

capacitor. The capacitor charges toward the supply voltage through the two resistors, R1 

and R2. The discharge pin (7) connected to the internal transistor is connected to the 

junction of those two resistors. When power is first applied to the circuit, the capacitor 

will be uncharged. Therefore, both the trigger and threshold inputs will be near zero 

volts (see Figure 2.13). The lower comparator sets the control flip-flop causing the 

output to switch high. That also turns off transistor T1. That allows the capacitor to  
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begin charging through R1 and R2. As soon as the charge on the capacitor reaches 2/3 of 

the supply voltage, the upper comparator will trigger causing the flip-flop to reset. That 

causes the output to switch low. Transistor T1 also conducts. The effect of T1 

conducting causes resistor R2 to be connected across the external capacitor. Resistor R2 

is effectively connected to ground through internal transistor T1. The result of that is that 

the capacitor now begins to discharge through R2 [7]. 

 

 

 

Figure 2.13 Pulse form signal 

 

 

 

 

At the point where the voltage across the capacitor reaches 1/3 of the supply 

voltage, the lower comparator is triggered. That again causes the control flip-flop to set 

and the output to go high. Transistor T1 cuts off and again the capacitor begins to 

charge. That cycle continues to repeat with the capacitor alternately charging and 

discharging, as the comparators cause the flip-flop to be repeatedly set and reset. The 

resulting output is a continuous stream of rectangular pulses [7]. 

 

 

An output pulse is determined by the values of two resistors, RA and RB and by 

the timing capacitor, C. The design formula for the frequency, f of the pulses is [7]:  

 

 

 

 

(2.5.2.1) 
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The period, T of the pulses is given by: 

 

 

 

 

The HIGH, t1 and LOW, t2 each pulse can be calculated from: 

 

 

 

 

 

 

 

The duty cycle, D of the waveform is:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2.5.2.2) 

(2.5.2.3) 

(2.5.2.4) 

(2.5.2.5) 



 
 

 
 

CHAPTER 3 

 

 

 

 

METHODOLOGY 

 

 

 

 

 This chapter will explain detail about stage development of Switched Capacitor 

DC-DC Converter 

 

 

 

 

3.1 Block Diagram of Switched Capacitor Dc-Dc Converter 

 

 

 

 

 

 

Figure 3.1 The block diagram of Switched Capacitor DC-DC Converter 

 

 

Based on the block diagram of Switched Capacitor DC-DC Converter is shown 

in Figure 3.1, the 12 Vdc input voltage is convert to 5 Vdc by using stepdown voltage that 

derived from the circuit used in this project.  
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3.2 Gate Drive Circuit 

 

 

Gate drive circuit is important to MOSFET to make it function and at the same 

time as switches. A 555 Timer is used to produce a pulse form signal. This timer use 

astable mode as operational mode. Switching frequency of MOSFET is use at range 20 

kHz - 25 kHz. An output pulse is determined by the values of two resistors, RA and RB 

and by the timing capacitor, C. The below is shown calculation for value of frequency, 

period, duty cycle, high and low times that produce by 555 Timer. 

 

 

 

 

Frequency, f: 

From equation (2.5.2.1)  

 

 

 

 

Period,T: 

From equation (2.5.2.2) 
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HIGH time, t1: 

From equation (2.5.2.3) 

 

 

 

 

 

LOW time, t2: 

From equation (2.5.2.4) 

 

 

 

 

 

Duty cycle, D: 

From equation (2.5.2.5) 
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By using PSpice software, the gate drive circuit is formed by 555 Timer (555D) 

is shown in Figure 3.2. The operational mode of timer is an astable mode. So, it has RA, 

RB and C. The pin 5 is connected with 0.01 uF and it acts as a decoupling capacitor. This 

chip uses 9 Vdc power supply. 

 

 

 

 

Figure 3.2 Gate driver circuit 

 

 

 

 

3.3 12V-5V Switched Capacitor DC-DC Converter Circuit 

 

 

By using PSpice software, the switched capacitor circuit is formed by two 

capacitors (C1 and C2), two externally-controlled switches (M1 and M2) and three 

internally-controlled switches (D1~D3). A capacitor, Co is connected in parallel to the 

load. The illustration circuit is shown in Figure 3.3.  
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Figure 3.3 Structure of Switched Capacitor Converter Circuit 

 

 

This circuit has two steady operation, state 1 and state 2. The operation is 

according to the timing diagram. Typically, a P-Mosfet is used as M1, while an N-

Mosfet is used as M2. Thus, the timing diagram of the two switches is shown in Figure 

3.4. 

 

 

 

 

 

 

 

 

Figure 3.4 Timing diagram of the Switched Capacitor Converter 

 

M 1 

M 2 

Ts 

State 1 State 2 
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State 1: (M1 ON & M2 OFF) 

 

 

 

Figure 3.5 Equivalent circuit of Switched Capacitor Converter in state 1 

 

 

 In state 1, M1 is switched on and M2 is switched off. D2 is forward biased and 

D1, D3 is reverse biased. Consequently, C1 and C2 are connected in series to the input 

voltage. The capacitors being equal in value, C1 and C2 are charged at the same voltage 

 

 

 

 

State 2: (M1 OFF & M2 ON) 

 

 

 

Figure 3.6 Equivalent circuit of Switched Capacitor Converter in state 2 
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In state 2, the switching timing is a vice versa where M2 is switched on and M1 

is switched off. D2 is reverse biased and D1, D3 is forward biased. C1 and C2 continue 

their discharge on the load from the previous state. The output voltage is given by the 

voltage across capacitor C1, C2 in parallel. With the capacitor output, Co the output 

voltage ripple can be reduced. 

 

 

 

 

3.4 Testing Component 

 

 

 

3.4.1 555 Timer 

 

 

 

Figure 3.7 555 Timer 

 

 

The 555 Timer circuit is shown in Figure 3.7. The chip is supplied by 9 Vdc. 

LED as a load and light on when 555 Timer functioning. A Pulse form signal from 555 

Timer is shown in Figure 3.8.  
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Figure 3.8 Pulse form signal from 555 Timer 

 

 

 

 

3.4.2 P-MOSFET  

 

 

 

Figure 3.9 P-MOSFET testing 

 

 

 



27 

 
 

P-MOSFET testing is shown in Figure 3.9. P-MOSFET is use model IRF9640. 

The MOSFET testing is use oscilloscope to see the output. That component is supplied 6 

Vdc. The resistor 220k Ω is connect to pin Drain,D and output can see with tapped the 

probe at resister load. Pulse form signal of P-MOSFET is shown in Figure 3.10. Pulse of 

channel 1 is 555 Timer and pulse of channel 2 is P-MOSFET. Based on the pulse form 

signal, P-MOSFET is switched on when input is low and switched off when input is 

high. 

 

 

 

 

 

Figure 3.10 Pulse form signal of 555 Timer and P-MOSFET  
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3.4.3 N-MOSFET  

 

 

 

Figure 3.11 N-MOSFET Testing 

 

 

N-MOSFET testing is shown in Figure 3.11. N-MOSFET is use model IRF150. 

The step to doing the N-MOSFET testing is same with P-MOSFET but different 

component connection. The resistor 220k Ω is connect to pin Source,S. Pulse form 

signal of N-MOSFET is shown in Figure 3.12. Pulse of channel 1 is 555 Timer and 

pulse of channel 2 is N-MOSFET. Based on the pulse form signal, N-MOSFET is 

switched on when input is high and switched off when input is low. 
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Figure 3.12 Pulse form signal of 555 Timer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

CHAPTER 4 

 

 

 

 

RESULT AND DISCUSSION 

 

 

 

 

This chapter will explain the details of the results obtained from this project. This 

chapter included the software and hardware implementation results. The software results 

consist of simulation of fully design of Step down Switched Capacitor DC-DC 

Converter by using PSpice software. 

 

 

 

 

4.1 Operation of the Converter 

 

 

 

 

9 V 

 

 

 

 

Figure 4.1 The operation of the Switched Capacitor Dc-Dc converter 
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The block diagram shows the actual operation of the circuit. Voltage constantly 

supplies 9 V to the MOSFET driver. This is to ensure that the driver chip can operate 

under optimal condition. The pulse form signal is an input to the driver and at the same 

time as a switch to turn on and turn off the MOSFET. The Switched Capacitor DC-DC 

Converter is a main circuit to convert 12 V to 5 V. The main circuit consists of two types 

of MOSFET, p-channel and n-channel MOSFET. The MOSFET alternated conduct 

based on the pulse form signal and the circuit only used one stage. This is the overall 

summary on the operation of the switched capacitor converter. 

 

 

 

 

4.1.1 Pulse Form Signal for MOSFET Driver 

 

 

This project is used two types of MOSFET. The Student version of PSpice 

Software that is used offers models for the p-channel (IRF9140) and n-channel (IRF150) 

power MOS switched. The MOSFET is required pulse form signal to inject at Vgs and 

make it function correctly. So, 555 Timer (555D) was used to produce that pulse. The 

operational mode of 555 Timer is astable mode. The schematic diagram is illustrated in 

Figure 4.2. The probe was tapped to measure the pulse form signal is shown in Figure 

4.3. 
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Figure 4.2 Probe tapped at pulse form signal for MOSFET driver 

 

 

 

 

 

Figure 4.3 Pulse form signal from 555 Timer 
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Referring to Figure 4.2 and Figure 4.3, the result of simulation for value of pulse 

form signal voltage is 6.922 V. The value of period for one cycle is exactly 40 us and 

percentage of duty cycle is 75%. 

 

 

 

 

4.1.2 Voltage Output for Switched Capacitor DC-DC Converter 

 

 

A 12V-5V Switched Capacitor DC-DC Converter has been simulated by using 

PSpice. The probe was tapped at Vin and Vout as shown in Figure 4.4. The result of Vin 

and Vout is shown in Figure 4.5. 

 

 

 

 

Figure 4.4 Probe tapped at input and output voltage 
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Figure 4.5 Graph for input and output voltage 

 

 

 

 

4.2 Hardware Implementation 

 

 

In hardware implementation the circuit divided by two parts, gate drive circuit 

and converter circuit. 

 

 

 

 

4.2.1 Gate Drive Circuit 

 

 

 Gate driver circuit for driver MOSFET is used 555 Timer (NE555P). Voltage 

constantly supplies 9V dc to 555 Timer to energize that chip. The implementation of the 

gate drive circuit is shown in Figure 4.6. 

 

 

Vin 

 

Vout 
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Figure 4.6 Implementation of gate drive circuit 

 

 

 

 

4.2.2 Switched Capacitor DC-DC Converter Circuit 

 

 

The circuit of Switched Capacitor DC-DC Converter was implemented as shown 

in Figure 4.7. This circuit is using two type of MOSFET, p-channel (IRF9640) and n-

channel (IRFP150N). In hardware implementation, p-channel MOSFET used is a 

different model. It is not same with simulation circuit. IRF9140 was used in simulation 

circuit for p-channel MOSFET. The characteristics of both MOSFET are not more 

different. IRF9640 can be use to replace IRF9140. 

 

 

The result was obtained is shown in Figure 4.8. The probe is tapped at Rload to 

measure the output voltage. The output voltage is equal to 8.09 V. The result of 

simulation and hardware implementation is quite different. But Rload used is 1.5 kΩ the 

output voltage is 5.04 V. This problem is checked by using simulation by changing the 

value of Rload is equal to 1.5 kΩ, the reading of output voltage is 4 V. The value that 

obtained is not accurate compare with simulation result. The function of output capacitor 

is to reduce voltage ripple and give smooth reading.  
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Figure 4.7 Switched Capacitor DC-DC Converter Circuit 

 

 

 

 

 

 

Figure 4.8 Pulse form signal and output voltage for Rload = 318 kΩ 
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Figure 4.9 Pulse form signal and output voltage for Rload = 1.5 kΩ 

 

 

 

 

Figure 4.10 12 V – 5 V Switched Capacitor DC-DC Converter Circuit 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

CHAPTER 5 

 

 

 

 

CONCLUSION AND RECOMMENDATION 

 

 

 

 

5.1 Conclusion 

 

 

 A 12 V -5 V Switched Capacitor DC-DC Converter has been completed by using 

simulation PSpice software and hardware implementation. The selection of MOSFET as 

a suitable switched capacitor for this converter is refer to the feature of drive method, 

simple drive circuit, high input impedance, low drive power, fast in switching speed and 

operating frequency, wide of safe operating area and last it has high saturation voltage 

than the other power switches. This project constructed MOSFET power switches, 

capacitor and inductorless assures a small size, light weight and high power density of 

the power supply.  

 

 

 

 

5.2 Recommendations 

 

 

In this project, the value of output for simulation and hardware implementation is 

different. So, to overcome this problem, the feedback circuit can added to make a closed 

loop circuit and keep output voltage at a fixed value. 
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A next recommendation is make a multi-stage for Switched Capacitor DC-DC 

Converter. This project only uses one stage. The multi-stage can improved the value of 

step down voltage. 

 

 

Lastly, for future projects on the ripple voltage analysis can be done to ensure the 

smooth output voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 
 

REFERENCES 

 

 

 

 

[1] Daniel W. Hart. Introduction to Power Electronics. Prentice Hall. 1996 

 

[2] 17 June 2011, citing internal sources, “IGBT”, From Engineering Innovation 

blogspot, http://protorit.blogspot.com/2011/01/igbt.html 

 

[3] “IGBT/MOSFET Gate Drive Optocoupler – Application Notes”, Vishay 

Semiconductors, 1996 

 

[4] Jian Liu, Zhiming Chen, “A New Design of Power Supplies for Pocket Computer 

Systems”, IEEE Transactions on Industrial Electronics, VOL. 45, NO. 2, APRIL 

1998 

 

[5] Charlotte Yuk-Fan Ho, Bingo Wing-Kuen Ling, Yan-Qun Liu, Peter 

Kwong-Shun Tam, Kok-Lay Teo, “Optimal PWM Control of Switched-

Capacitor DC/DC Power Converters via Model Transformation and Enhancing 

Control Techniques”, IEEE Transactions on Industrial electronics 

 

[6] Josif Kosev and Goce L. Arsov, “12V-5V Switched Capacitor DC to DC 

Converter With N- channel Power MOS Switches”, Contents of Proceedings* 

Electronics Book 1 1996 

 

[7] Tony van Roon, “555 Timer Tutorial”, 2003 

 

[8] Pradeep K. Peter, Vivek Agarwal, “Analysis and Design of a Ground Isolated 

Switched Capacitor DC-DC Converter”, IEEE Transactions on Industrial 

electronics, 2000 



41 

 
 

[9]  Hanh-Phuc Le, Seth R. Sanders, Elad Alon, “Design Techniques for Full 

Integrated Switched-Capacitor DC-DC Converters” , IEEE Journal of Solid-

State CircuitS, VOL. 46, NO. 9, SEPTEMBER 2011 

 

[10] S, V. Cheong, H. Chung and A. Ioinovici, “Inductorless DC-to-DC Converter 

with High Power Density”, IEEE Transactions on Industrial electronics, VOL. 

41, No.2, APRIL 1994 

 

[11] Jonothan W Kimball, Philip T. Krein, “Analysis and Design of Switched 

Capacitor Converters”, University of Illinois 

 

[10] V. Barkhordarian, “Power MOSFET Basics”, International Rectifier, Technical 

Paper 

 

[12] Michael Evzelman, Sam Ben-Yaakov “Optimal Switch Resistances in Switched 

Capacitor Converters”, IEEE 26-th Convention of Electrical and Electronics 

Engineers in Israel, 2010 

 

[13] Henry Chug, Adrian Ioinovici, “Switched-Capacitor-Based DC-to-DC Converter 

with Improved Input Current Waveform”, IEEE Transactions on Industrial 

electronics, 1996  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 

 
 

 

 

 

 

 

APPENDICES 

 

 

 

 

 



43 

 
 

 

 

 

 APPENDIX A 

 



44 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



45 

 
 

 

 

 

 

 

 

 

 

 

 

 



46 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 

 
 

 
 

 
 

 

 

 

 

 



48 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 

 
 

 
 

 
 

 
 

 



50 

 
 

 
 

 
 

 

 

 

 



51 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 



52 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 

 
 

 
 

 
 



54 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 

 
 

 

 

 
 

APPENDIX B 



56 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 



57 

 

 
 

 

 
 

 

 

 

 

 

APPENDIX C 



58 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



59 

 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 



60 

 

 
 

 
 

 

 

 

 

 

 

 

 



61 

 

 
 

 
 

 
 

 

 

 

 

 



62 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



63 

 

 

 
 

APPENDIX D 



64 

 

 

 
 

 

 

 

 

 

 

 

 



65 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



66 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



67 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



68 

 

 

 
 

 

 

 

 

 

 

 



69 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



70 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 



71 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 



72 

 
 

 

APPENDIX E 



73 

 
 

 
 

      
 

 

 

 



74 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


