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SUMMARY

In this work, open and closed loop control methods with PWM had been applied
to some of DC-DC converters that isolated and non-insulated. Their theoretical
calculations and applications have been made. The relation between the circuits
examined with accuracy, efficiency, power consumption and the relation with the duty
cycle were investigated. In this thesis, the boost (10V-24V) converter which is
uninsulated, is designed with two different methods as open loop control. Firstly, it is
designed with a timer and secondly with a microcontroller. These two different boost
circuits were designed and operated at the same power circuit’s elements. In the second
stage, the boost converter designed in the first stage had been transformed into closed
loop controlled boost converter (10V-24V) and simulated. The fly-back (325V-6.2V)
converter, which is also an isolated DC-DC converter, was designed and operated as
closed-loop control. Result of these studies, The theoretical calculations and
application circuits of insulated and uninsulated DC-DC converters were observed to

be consistent.

Key Words: DC-DC Converter (DDCC), Pulse Width Modulation (PWM),
Open Loop Controlled Converter (OLCC), Closed Loop Controlled Converter
(CLCC).



OZET

Bu tez caligmasi kapsaminda, farkli topolojilere sahip izoleli ve izolesiz DC-DC
dondistiirticiilerin bazilarina, PWM ile acik ¢evrim ve kapali ¢evrim kontrol metotlari
uygulanarak teorik hesaplamalar1 ve uygulamalar1 yapilmistir. Yapilan ¢alismalar ile
incelenen devreler dogruluk, verimlilik ve gii¢ kayb1 olarak karsilastirilmasi ayrica
gorev dongiisii (Duty Cycle) ile olan iliskisi arastirilmistir. Bu tezde, birinci agamada
izolesiz olan boost (10V-24V) doniistiiriiclisii agik ¢evrim kontrollii olarak iki farkli
yontem ile dizayn edilmistir. ilk olarak bir zamanlayici entegresi ile, ikinci olarak bir
mikro denetleyici ile tasarlanmistir. Ayn1 giic devreleri ile tasarlanan bu iki farklh
yontemli boost devreleri kurulup calistirilmustir. Ikinci asamada birinci asamada
tasarlanan boost doniistiiriiciisii, kapali ¢gevrim kontrollii boost doniistiiriiciiye(10V-
24V) dontstiiriiliip simiilasyonu yapilmistir. Ayrica izoleli DC-DC déniistiiriicii olan
fly-back (325V-6.2V) doniistiiriiciisii kapali ¢evrim kontrollii olarak dizayn edilip
calistirlmistir.  Yapilan bu ¢aligmalar sonucunda izoleli ve izolesiz DC-DC
doniistiiriiciilerinin  teorik olarak yapilan hesaplamalar1 ile, yapilan uygulama

devrelerinin tutarliligi gézlemlenmistir.

Anahtar Kelimeler: DC/DC Déniistiiriicii (DC/DCD), PWM (PWM),
Acik Cevrim Kontrollii Doniistiiriicii (ACKD), Kapah Cevrim Kontrollii
Doniistiiriicii (KCKD).
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1. INTRODUCTION

Purpose of the thesis, open and closed loop control methods with PWM had been
applied to some of DC-DC converters that isolated and non-insulated. Their theoretical
calculations and applications have been made. The relation between the circuits
examined with accuracy, efficiency, power consumption and the relation with the duty
cycle were investigated.

Content and contribution of the thesis, in chapter 2, dc/dc converters and 555
timer 1C were examined. The boost (10V-24V) converter, which is uninsulated, is
designed with two different methods as open loop control. These two different boost
circuits were designed and operated at the same power circuit’s components in section
3.1 and section 3.2. The closed loop controlled boost converter designed (10V-24V)
and simulated in section 3.3. The fly-back (325V-6V) converter, which is also an
isolated DC-DC converter, was designed and operated as closed-loop control in section
3.4. In chapter 3, the simulation results of the circuits designed in chapter 3 are
included. In chapter 4, the experiment results of the circuits simulation in chapter 3 are
included. Contribution of the thesis is that observing the accuracy of experiments with
theoretical calculations.



2. DC/DC POWER CONVERTERS & 555TIMER IC

2.1. Introduction of DC-DC Converter

A dc dc converters are used to change dc input voltage level. Their dc output
voltage can increase or decrease according to their dc input voltage level. Although
SMPS circuits are smaller than linear transformers, they are more efficient than linear
transformers. There are hundred types of SMPS regulators. Significant portion of dc-
dc conversion designs in the power industry utilizes eight main converter topologies.
SMPS converters are collected in two main title as isolated and non-insulated
converters.

Non-isolated converters:

e Boost converter,
e Buck converter,

e Buck/Boost converter
Isolated converters:

e Forward converter,
e Fly-back converter,
¢ Half-bridge converter,
e Full-bridge converter ,

e Push-pull converter

2.2. Introduction and Basic Operation of 555Timer IC

The 555timer IC, usually used in monostable and astable mode. It occurs with
two comparators, voltage divider circuits, SR flip-flop and discharge transistor as
shown in figure 2.1. The timer has eight pins out. In thesis application, 555timer will
be used as square wave generator as shown in figure 2.2. The Vth, low and Vth, high
voltages are obtained by the voltage divider in the integrated circuit. The two

comparators, which are filled via the R1 and R2 resistors and are discharged via R2,
2



change the state and produce a square wave signal in astable mode. 555timer has wide
supply voltage range.
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Figure 2.1: Simplified Schematic of 555 IC.
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555Timer integrated circuit can be used in many applications, for example pulse
width modulation, pulse position modulation, flashers, schmitt trigger, missing pulse
detector, alarm buzzer. The 555 integrated circuit is preferred for use in many
applications with simple circuit element additions. The cheapness of the integration is
one of the reasons of choice.
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Figure 2.2: 555Timer Astable Mode Circuit.



The 555Timer, in figure 2.2, is working in astable mode. The circuit running in
astable mode generates periodic square wave signal. This signal produced with
alternating between the supply voltage and ground. The frequency is the number of

oscillations of a signal within one second. It is calculated as follows.

1.44

=R T 2R0C (21)

Period is the time taken for one complete cycle in continues wave signal. Period

is inversely proportional to frequency.

1
T = 7= 0.694(R, + 2R,)C (2.2)

T1 and To show that high time and low time respectively. They were calculated
as show below equations. Period (T) is the sum of the Ty and To.

T, = 0.694(R, + R,)C (2.3)
Ty = 0.694R,C (2.4)
The duty cycle is:
Ty
Duty Cycle = FxlOO (2.5)

2.3. Basic Operation of Boost Converter

Boost converter that increase the input voltage to make a higher output voltage.
The advantages of SMPS circuits are high efficiency, small size and cheaper than a
linear transformer. Boost converter mainly has four elements as shown in figure 2.3.

Below figure shows the basic boost converter circuit.
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Figure 2.3: The Basic Boost Converter Circuit.

When the switch is on as shown in figure 2.4.a, voltage across the inductor
positive and equal to Vin. For the average inductor voltage to be zero in PSS, the
voltage across the inductor has to be negative during off time as shown in figure 2.4.b.

Therefore, Vout has to be higher than the input.
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a) On time b) Off time

Figure 2.4: Two State of Boost Converter.



The current waveform of the inductor determines the conduction modes of the
converter. Continuous Conduction Mode (CCM): Steady-state waveforms, Inductor
current flows continuously (It is always positive in the switching cycle in CCM).
Discontinuous Conduction Mode (DCM): Current of inductor touches zero while the
cycle and it stays there until next switching. Boundary Conduction Mode (BCM): Out
of the current is equal to half of the inductor peak current in the boundary conduction
mode.

The input and output voltage relationship in steady state can find by writing volt-

second balance across the inductor in CCM. [1]

Assume :
Vout,ripple < Vinout (2-6)
TS = Ton + TOff (27)
Ton
D =— 2.
- (28)

During on-time (Ton) inductor across voltage:

Vion = Vin (2.9)

During off-time (Toff) inductor across voltage:

VL,off = Vin - Vout (210)

Inductor volt-second during (Ton):

VL,on Ton = Vin DT; (2.11)

Inductor volt-second during (tof):

VL,off Toff = Vin — Vout)(l — D)T; (2.12)



In one switching cycle in PSS, inductor volt-second adds to zero:

Vin DT + (Vin - Vout)(l - D)Ts =0 (2-13)
Hence:
Vout 1
= — 2.14
Vin 1-D ( )

As understood from the transfer function in equation 2.14, the output voltage

depends on the input voltage and the duty cycle.

____________ : - WM

—————— - — - ———— - WWiN-“Woul

Figure 2.5: Volt-Second Graphic of Boost Converter in BCM.

1 To\ il peak
<LL>i<zL,peak-§>=% (2.15)

In BCM, <iL> doesn’t depend on Ton or Toff. It is always half of the peak

inductor current.

VLion't VL,on t
iLpeqk = AiL = oz == 012 oI (2.16)

il peax _ DT

< iL,boundary >= 2 — oL in (2.17)




Replace that D=(1—D)-Vout then,

. Ts Vout
< lL,boundary > = Szzu D(l — D)
(2.18)

The input current is equal to the average inductor current. Neglecting losses with
the topology, output power of converter assumed to be equal to the input power of

converter. So,

Ve 1-D  Ipw (2.19)
Iout 2 20
Iin = 1—-D ( . )
T, V, I
< iL,boundary >= szzut D(l - D) = 1(iLtD (2.21)
Withdrawing L from this expression yields the following equation:
T.
Leriticat = %D(l - D)Z (2.22)

If L is smaller than this value, the converter is in DCM.

The dc component of the diode current flows to the load resistor and its ac
component flows through the output capacitor. The capacitor current has to average to
zero in one cycle in PSS. So, the ac component of the diode current (with zero average

value) flows through the capacitor.

To calculate output voltage ripple in CCM:

DT 1
Avout — SCO‘LLt (2 23)



2.4. Basic Operation of Fly-back Converter

The fly-back converter as shown in figure 2.6 is an isolated dc-dc converter. Fly-
back converters provide insulation and voltage transformation by fly-back
transformer. Fly-back converters are cost-effective and high efficiency. the converter

can be designed up to 130 watts.

N1 N2
. o [ o
L—’"’II =] =R
—_ . . . Nout
Vin. -
L L A

Figure 2.6: Fly-Back Converter Circuit.

While the switch at the primary side turned on, current starts to flow from the
primary side, producing accumulating of electrical energy. Hence, the diode behaves

as open circuit as shown figure 2.7

| N1 N2 - |
O ° o & . .
+ . _ = =+
Lm T Vout
Vin :
- | switchon

Figure 2.7: Fly-Back Circuit State of Switch On.



While the switch at the primary side turned off, the diode enters the transmission
to generate the output voltage as shown figure 2.7.

NT N2
o O » 4+
+ . . = "
Lm . — == Vout
'ifiﬂ - ]
Switch Off-
: o

Figure 2.8: Fly-Back Circuit State of Switch Off.

Deriving the dc transfer function from input voltage to output voltage
(Vin/Vout), It needs to write the volt-second balance across the primary magnetizing

inductance of the transformer in CCM. [1]

N
wnD%—+04@uhf{1—Dﬂ}=O (2.24)
1
Hence:
Vout _ NZ D
View N;1-D (2.25)

Since the polarity is inverted by the transformer windings, the output doesn’t

have to have a polarity opposite of that of input.
To calculate output voltage ripple in CCM:

DTs Tout (2.26)
C

AVoyr =

10



3. PRACTICAL CIRCUIT DESIGN AND
SIMULATION

In section 3, the design values of the circuits specified according to headings will

be determined and designed circuits will simulate.

3.1. Open Loop Controlled Boost Converter with 555Timer
and Micro-controller

Calculating L (boost inductance) and Cout (output capacitance) of boost

converter’s values as shown figure 2.3 with the following requirements:

Vin = 10V, Vout = 24V, Operating in CCM,
Iout,rated = 2A, fs =75 kHZ,

AV, = 3 % of the output voltage,

Al = 30 % of the input current

Solution:

Voue 1 24V 1

Vo, 1-D 10V _1-D (3.1)
24V — 10V
D=——->D=0. 3.2
AV - 0.58 (3.2)
=11 13.33
= — - = — = .
s =% 7 s T 75000 Hs (33)

In calculating the inductance value, need to calculate the input current and set
the peak-to-peak inductor current to 30% of the input current. Assuming 100%

efficiency, Pin=Pout. SO,

= 48A (3.4)

11



Writing the inductor ripple current during on-time,
Al =15, = 4.8x0.3 = 1.44A

Vin.D. T Vin.D. T,
AIL= mL S—>L= mAI S
L

_ 10Vx0.58x13.33us
B 1.44A

= 53,69uH

Calculating output capacitor value:

AV, = 24Vx0.03 = 0.72V

DTeloue . _ DT lour

AVoyur = AV,

_0.58x13.33usx24
B 0.72V

= 21.48uF

At what load resistance does the converter operate in BCM ?

Al 1.44A
I, = % = ljp = ——— = 0.724
V..l 10Vx0.72A
Loyt = % = loyt = T = 0.34
Vour 24V

out

Hence:
L=53.69uH, C=21.48uF, Rioaq, 5cm =80 Q

(3.5)

(3.6)

3.7)

(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

12



Calculating R1, Rz, and C of 555Timer values for a-stable multivibrator as shown

figure 2.2 with the following requirements:

e f;=75kHz,
e D=0.58
Solution;
T, = ! T, = = 13.33
STF T s T s, T W
TS = T1 + TO
D h 0,58 h 0.72T
= — > = - = .
T, ’ T, +T, ° 1

TS - Tl + O.72T1 d 13.33”5 == 1.72T1

T, = 7.75us, Ty = 5.58us

Assume that C=220pF,

Ty = 0.694R,C » Ry = — M _ 3654k 0
0 = TRIERE P N2 T 0 694x220pF
13.33us
T, = 0.694(R; + 2R,)C - Ry = ———1 _ _ 2x36.54K ()

0.694x220pF

Hence:

R1=-14.27K Q, Ro=36.54K Q, C=220pF

(3. 14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

The circuit designed according to the calculated values above is shown in figure

3.1. Square wave generator was made with 555Timer to have a square wave signal 75

13



kHz and %58 duty cycle to drive the power circuit. The power converter circuit

designed for 10V-24V was connected to 80 Q load to operate in BCM mode as the
calculated equation (3.13).

LM{VCC)

B
R1
14.27K 5

—ECZ

R4 10nF
854k =

GND

L ¢1

0.22nF

A
| nurroron |
R2
R § al 5 M°
S R —o
oc =
= L1 D1
N 1
g 53.80uH 11
o | DIODE
Q1 R3
7 555 [Er IRF540N ] 20

21.48uF

GND

Figure 3.1: Boost Converter (10V-24V) with 555Timer.

The simulation results obtained when the figure 3.1 circuit diagram is simulated

in Proteus. The simulation result is shown at figure 3.2.

.LII-_"J'EC: Q\:

_T

= o

T
"B

ZJIm § ™

o 0@

=
R2
5

—] =3

oo |

Figure 3.2: Input and Output - Second Figure 3.1.
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Simulation results were taken as calculated in equation (3.5) and (3.12),

figure 3.3, the boost converter has been driven in BCM mode.

05

) IRoad)

RMS Value

Time  From
Time To
L)

IRload)

Vo

/

4.0000200e-003
4.0950000e-003
8.13705676-001
3.00046888-001

e

0.004 0.00402 0.00404 0.00406 0.00408

Time (s)

0.0041

Figure 3.3: I p-pand lout — Second Figure 3.1.

3.2. Open Loop Controlled Boost Converter with Micro-
controller

In this section, the values of the boost converter circuit elements are kept the

same as the values (L and C) calculated in section 3.1. The square signal generator will

be provided by a microcontroller. The following code was written to get, 77 kHz and

%58 duty cycle, square wave signal from the microcontroller.

Table 3.1: Square wave generator source codes for PIC16F877.

#include <16f877.h>

#fuses

#use delay (clock=4000000) // Setting Delay function's oscillation frequency

#use fast_io(c) // Port forwarding commands apply to C port

15



Table 3.1: Continued of table.

inti;

void main ()

{
setup_psp(PSP_DISABLED); // Parallel Slave Port Disable
setup_timer_1(T1 _DISABLED); // T1 Timer Disable
set_tris_c(0x00); // Set C Port as Outputs
setup_ccp2(CCP_PWM); /I Set CCP2 as PWM output
setup_timer_2(T2_DIV_BY_1,26,1); /* Setting Timer2 for 75-77 kHz
The period is (1/clock)*4*t2div*(period+1),
Period = (1/8000000)*4*1*26 = 13 uS or 76.9 kHz. */
while(1)

{
set_pwm2_duty(15); // Setting Duty Cycle for % 55-60

¥
¥

The desired square signal shape from the microcontroller was obtained as shown

in figure 3.4.

Digital Oscilloscope

EHREREHR

ESlalm  |ulslala|sla [LE]E
WE)E =] E|E[5)E |w]E [

PICA&FETT

Figure 3.4: Square wave Signal with Microcontroller.
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The circuit designed according to the calculated values (L and C) in section 3.1
is shown in figure 3.5. Square wave generator was made with the microcontroller. The
same power converter circuit designed for 10V-24V was connected to 80 Q load to

operate in BCM mode as the calculated equation (3.13).

5
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o 0 m b
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Figure 3.5: Boost Converter (10V-24V) with Microcontroller.
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The simulation results obtained when the figure 3.5 circuit diagram is simulated

in Proteus. The simulation result is shown at below.
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Figure 3.6: Waveform of Switching and Output Voltage in BCM Mode.
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3.3. Closed Loop Controlled Boost Converter

Closed loop control does not need to any MOSFET driver circuit like open loop
control. It generates its own switching signal by pulse width modulation (PWM).

Hysteretic controlled boost converter without compensator is shown in figure 3.7.

reference ¥, (desiredy———a] +
e L pgntnod B B
Amplifier Switch
Measured output voltage ¥, (actual)———————] — Comparator  [——-control

Repatitive
wavetorm

contrad
(amplified error)

vaml - gy

o
[T T
Ty

(switching frequency [, = TL)
o)

Figure 3.7: PWM a) Control Diagram b) PWM Signals.

In this section, the values of the boost converter (10V-24V) circuit elements are
kept the same as the values (L and C) calculated in section 3.1 and 3.2. Figure 3.8
circuit working principle is as follows. Measurement is taken from the circuit output
by voltage divider. This measurement compares with the desired voltage value to
obtain control signal. If the repetitive signal is above control signal, the comparator
will be low. If the repetitive signal is below control signal, the comparator will be high.

Voltage divider Ry and R2 values were chosen respectively 8.6K Q and 1K Q

according to the following requirements:

o Vin =10V, Vout = 24V,
L] fs =75 kHZ, Vref: 2.5V
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Figure 3.8: Closed Loop Controlled Boost Converter.

When the figure 3.8 simulation is done in the PSIM program, the following

results were taken.

_ VoueXlpye _ 24.1Vx0.3A

" = = = %64
nefflaency Vinxlin 10Vx1.134 o (3.21)
Py = Poy + Ppower lose (3.22)
Ppower toss = Pin — Poyr = 11.34W — 7.23W = 4.11W (3.23)

Figure 3.9: Waveforms of Veontrol, Vimeasured, Vreference.
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Figure 3.10: Graphic of PWM signal and Vout.
3.4. Closed Loop Controlled Fly-back Converter

Fly-back topology was implemented in this section, Fly-back converter is
suitable for a low power, it provides isolation for safety. Viperl2a was used in this
circuit as a current mode PWM controller. The converter conduction mode depends on
input and output voltage. Viperl2a has fixed 60 kHz switching frequency. When it is
using in a feedback circuit as in figure 3.11.

Secondary % — I;
feadback s

LECoUVRCE

Figure 3.11: Internal Current Control Structure Viperl2a.
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It works as: The sum of the Is and Ir currents is directed from the plus leg of the
comparator inside the IC unit to obtain the comparison voltage. This voltage value is

compared with 0.23 to generate the switching signal.

Rz - (Is + Irg) = 0.23V (3.24)

The circuit in figure 3.12 is a standard fly-back converter with secondary voltage

regulation driving the VIPer12A feedback pin through an optocoupler.

ssssss

Figure 3.12: Fly-Back Converter Driving with Viperl12a.

Calculating D with the following requirements:

e Vin =325V, Vout = 6.2V,
e N1=180, N2=25

Solution:
Vout _ NZ D
v = N, 1-D (3.25)
6.2 25 D
- D =0.12 (3.26)

325 1801—D
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4. EXPERIMENT RESULTS

In this section, circuits are operated by reference to the values calculated in
sections 3.1, 3.2 and 3.4. Experimental images and results are presented in the

following sections.

4.1. Experiment Result of Open Loop Controlled Boost
Converter with 555Timer

The circuit 555Timer was set with R1 = 14.16 K Q, R2 = 36.5 K Q, C=220pF
for generate square wave signal (75kHz, %58 duty cycle) and The boost converter was
set with L=50uH, C=22uF, RLoap= 82 Q for 10V-24V dc/dc converter in figure 4.1.

Figure 4.1: Boost Converter with 555Timer Experiment Circuit.

As shown in figure 4.2, 75.11 kHz and 56% duty cycle signal were generated.
At the time of this signal generation, the 5551C was supplied with 10 volts. The square
wave generator circuit was observed to have 0.07W power consumption during
operation. The output voltage, on high duration, of this signal is 10 volts. This value
is enough to switch MOSFET(IRF540). It is not necessary to use external MOSFET

driver.
22



Figure 4.2: 555Timer Circuit Square Wave Signal Output.

When the figure 4.1 circuit was operated. The following results were observed.

L] Vin: 10V, Iin: 1A. Rload: 80 Q, Vout =22.5V

o Vow 225V

out Rload 80Q . (4.1)
_ Vouxloyr _ 22.5Vx0.284 o6l

Nefsiciency = V1.~ 10Vaxl.024 4.2)
Py = Pour + Pioss (4.3)
Ppower toss = Pin — Pour = 10.2W — 6.3W = 3.9W (4.4)
Ppower loss = Peoit T Pdiode + PMOSFET + Pheat (4-5)
Phoat = 3.9W — 0.5Vx1.024 + 1Vx0.284 + 1.6Vx1.02 = 1.5W (4.6)

As observed in the experiment, efficiency was obtained % 61. Desired output
voltage was 24V but observed that 22.5V as seen in figure 4.3 because 1V on the diode

used in the circuit and the remaining 0.5V fall on the used coil.
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Figure 4.3: Boost Converter Output with 555Timer.

4.2. Experiment Result of Open Loop Controlled Boost
Converter with Microcontroller

The microcontroller (STM32F0 Discover board) was set for generate square
wave signal (75kHz, %58 duty cycle) and the boost converter was set with L=50uH,
C=22uF, RLoap= 82 Q for 10V-24V dc/dc converter in figure 4.4.
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Figure 4.4: Boost Converter with Microcontroller Experiment Circuit.
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As shown in figure 4.5, 75.76 kHz and 54% duty cycle signal were generated

with below codes.

Table 4.1: Square Wave Generator Source Codes for STM32F072RB.

#include "stm32f0Oxx_hal.h"

#include "pwm_driver.h"

#define  CHECK_FLAG(_HANDLE_ , FLAG_ )
((C_HANDLE_ ) & (_ FLAG_))==(_FLAG_ )

void pwm_init(void)

{
GPIO_InitTypeDef GPIO_InitStruct;
__HAL_RCC_TIM3_CLK_ENABLE();
__HAL_RCC_GPIOB_CLK_ENABLE();
__HAL_RCC_GPIOC_CLK_ENABLE();
GPIO_InitStruct.Pin = GPIO_PIN_7;
GPIO_InitStruct.Alternate = GPIO_AF0_TIMS3;
HAL_GPIO_Init(GPIOC, &GPIO_InitStruct);
TIM3->PSC =48;
TIM3->ARR =12;
TIM3->CCR2 = 12;
// CH-2 PWM MODE
TIM3->CCMR1 |= TIM_CCMR1_OC2M_2;
TIM3->CCMR1 |= TIM_CCMR1_OC2M _1;
TIM3->CCMR1 |= TIM_CCMR1_OC2PE;
// Enable OC1REF and OC2REF OUTPUT
TIM3->CCER |= TIM_CCER_CC2E;
// Enable Timer
TIM3->CR1 |= TIM_CR1_CEN;

}

void pwm_enable(void)

{
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Table 4.1: Continued of table.

TIM3->EGR |= TIM_EGR_UG;

}
void pwm_disable(void)
{
TIM3->CR1 &= ~(TIM_CR1_CEN);
}

void pwm_set_duty cycle(uint32_t duty, uint32_t channel)
{
TIM3->CCR2 = duty;
}
#include "stm32f0xx_hal.h"
#include "pwm_driver.h"
static void SystemClock_Config(void);

static void Error_Handler(void);

int main(void)
{
HAL_Init();
/* Configure the system clock to have a system clock = 48 Mhz */
SystemClock_Config();
UART_Init();
pwm_init();
/* Infinite loop */
while (1)
{
pwm_set_duty_cycle(7,2);
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Figure 4.5: Square Wave Output of Microcontroller.

The output voltage, on high duration, of this signal is 3.3 volts as seen in figure
4.5. This value is not enough to switch MOSFET(IRF540). it is necessary to use
external MOSFET driver. In figure 4.6 shows MOSFET driver that TLP152 IC

equivalent circuit.

5 "nfg

\,II 3 30 éIX-EIIELD 1y s

<‘\ £E 96 1 Anode
: 3: Cath
\\O 1 { %—:l 5 4 :‘Si.ltllﬁl:ldE
LM

Figure 4.6: TLP152 IC Equivalent Circuit.
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Square wave signal which produced from microcontroller was applied to pin 1.

10V supply voltage was applied to pin 6 then the square wave signal produced in figure

4.7 has occurred. The output signal is enough to switch MOSFET.

Figure 4.7: Square Wave Output of Microcontroller with TLP152.

When the figure 4.4 circuit was operated. The following results were observed.

L] Vin: 10V, Iin: 1A. Rload: 80 Q, Vout =22.5V

Vour _ 22.7V
Rioaa 800

Iout -

= 0.284

— VourXloy _ 22.5Vx0.284
Netficiency = Ty, xI,, ~ 10Vx0.984

= %64

Py = Poye + Ppower lose

Ppower loss = Pimn — Poyr = 9.8W — 6.3W = 3.5W

Ppower loss = Peoit T Pdiode + PMOSFET + Pheat

Phoa: = 3.5W — 0.5Vx0.984 + 1Vx0.284 + 1.6Vx0.98 = 1.17W

4.7

(4.8)

(4.9)

(4.10)

(4.11)

(4.12)

28



Observed in the experiment, efficiency was obtained % 64. Desired output
voltage was 24V but observed that 22.7V as seen in figure 4.8 because 1V on the diode

used in the circuit and the remaining 0.5V fall on the used coil.

Noise Filter Of
|

Autoset

100us _ 0.00000sJ@D 7208V 45aso0krizjiiel

Figure 4.8: Boost Converter Output with Microcontroller.

4.3. Experiment Result of Closed Loop Controlled Fly-back
Converter with Viperl2a

The Viperl2a was used to generate square wave signal in current mode
controlled for 325V-6V dc/dc fly-back converter in figure 4.9. Supply voltage of
Viperl2a is provided by the auxiliary winding on the primary side. Viperl2a has a

wide supply voltage range (9 V to 38 V).

-
DR
LR
- -
: .

-

Figure 4.9: Closed Loop Controlled Fly-Back Converter Experiment Circuit.
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The fly-back converter with secondary voltage regulation driving the Viper12A
feedback pin through an optocoupler with Zener diode, Vz= 5.1 V, for obtain 6.2V
output voltage. When the output voltage exceeds the zener voltage, the optocoupler
will active and send feedback to Viperl12a for switch off.

Calculating Dy 4. With the following requirements and figure 3.12 components

values:

e Vin =325V, Vout = 6.2V,
e N1=180, N2=25

Solution:
Vout NZ D
=—— 4.1
Vln Nl 1 - D ( 3)
6.2 25 D
D =012 (4.14)

325 1801—D

Figure 4.10: Drain-Source Switching Wave Form.
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Darain-source + Dpase = 1 = Dpgse = 0.1 (4.15)

Dy qse Was calculated 0.12 but in practice, it was observed 0.1 as seen in figure
4.10. The output voltage was desired 6.2V but in practice, it was observed 6.32V in
figure 4.11. These differences are related to the working tolerances of the materials

used.

_ Poue _ 1.93W 0466
Nessiciency = p,, ~ 201w~ 7 (4.16)
Py = Poyr + Ppower lose (4.17)
Ppower toss = Pin — Poyr = 2.91W — 1.93W = 0.98W (4.18)

Figure 4.11: Closed Loop Controlled Fly-Back Converter Output.
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5. CONCLUSION AND FUTURE WORK

5.1. Conclusions

Open loop controlled 10V-24V boost converters were operated in two different
ways in section 4.1, section 4.2. Closed loop controlled 10V-24V boost converter was
operated in section 3.3 and closed loop controlled fly-back converter in section 4.3.

The following table is obtained as a result of these four studies respectively.

Table 5.1: 10V-24V Boost Converter and 325V-6V Fly-Back Converter.

10V-24V Boost Converter and 325V-6V Fly-Back Converter
Method Vin Vout | Efficiency | Accuracy | Power loss
555Timer 10V | 225V %61 Good 3.9W
Microcontroller 10V | 22.7V %64 Good 3.5W
Closed loop boost 10V | 24.1V %64 Excellent 4.11W
Closed loop fly-back | 325V | 6.2V %66 Excellent 0.98W

To change the PWM signal in the open loop controlled boost converter with
555Timer, it is necessary to determine correct resistors and capacitance values in order
to obtain proper frequency and duty cycle. In open loop controlled boost converter
with microcontroller, it can only be obtained in the program by replacing the
corresponding block with the software. 555Timer circuit runs without the need for an
external MOSFET driver, but because the processor has a 5V output, microcontroller
needs an external MOSFET driver for boost. Microcontroller method provides to
monitoring about system. Isolated closed loop DC-DC fly-back converter does not
have a dc path between its input and output but boost converters have a dc path
therefore isolated converter is safer than non-isolated converter for users. Isolation
provides that voltage transients on the input are not transferred to the output in fly-
back converter.

Open loop control systems are basic in construction and design. It is more
economical than closed loop control systems and easy to maintain. It is less reliable

than closed loop control systems as it cannot react to changes in output load due to
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lack of feedback. Close loop control systems are less affected to the external noise
sources with theirs feedback mechanism and reducing the errors. They are costlier than
open loop system because of its complexity. The feedback in the closed loop system
may has oscillatory response. Stability is a big problem for closed loop system. Closed

loop system design should be done more carefully to solve the stability problem.

5.2. Future Works

As it is understood from this thesis, there is more than one square wave generator
method which can generate PWM signal to switching. The Open loop controlled boost
converters in section 4.1 can be operated by driving with square generator circuits with
op-amps or transistors. Simple feedback boost converter which are examined in
section 3.3 can be supported by compensation circuits to work more stable and load-
free. The written code that examined in section 4.2 can be improved to make open loop
controlled boost converter to closed loop boost converter with feedback system also
or developing code written in section 4.2, products such as remote control lighting

products or engine speed controller can be made.

33



REFERENCES

[1] Mohan N., (2003), “Power Electronics: Converters, Applications, and
Design”Media Enhanced, 3rd Edition, University of Minnesota, Willey, ISBN: 0-
471-22693-9.

[2] Erickson R.W., Maksimovic D., (2001), “Fundamentals of Power
Electronics”,Kluwer Academic Publishers, 2nd Edition, University of
Colorado.

[3] Franco S., (2002), “Design With Operational Amplifiers And Analog Integrated
Circuits”, McGraw Hill, 4th Edition, San Francisco State University, ISBN
9780078028168.

[4] Mingliang L., (2006), “Demystifying Switched Capacitor Circuits”, Newnes, 1St
Edition, ISBN-10: 0750679077.

[5] Vorperian V., (1990), “Simplified Analysis of PWM Converters Using the Model
of the PWM Switch: Parts I and II,” IEEE Transactions on Aerospace and
Electronic Systems, Vol. AES-26.

[6] Rashid M. H., (2009), “Microelectronic Circuits”, Cengage Learning, 2nd
Edition, University of West Florida, USA, ISBN-10:0495667722.

[7] Rashid M. H., (2004), “Power Electronics: Circuits, Devices, and Applications”,
3rd edition, Person Education Inc, ISBN: 0-13-101140-5.

[8] Billings K., Morey T., (1989), “Switch mode Power Supply Handbook”,
McGraw-Hill Inc., 3rd Edition, ISBN-10:0071639713.

[9] Brown M., (2001), “Power Supply Cookbook”, Elsevier Science, 2nd Edition,
ISBN: 075067329.

[10] Web 1, (2019), http://www. alldatasheet.com/datasheetpdf/pdf/161290/T1/,
NAS555D.html, NA555 Datasheet, (Date of Access :15/05/2019).

[11] Basso C., (2008), “Switch Mode Power Supplies: SPICE Simulations and
Practical Designs”, 1st Edition, McGraw-Hill, ISBN-10:0071508589.

[12] Sedra A. S., Smith K. C., (2004), “Microelectronic Circuits”, Se, Oxford
University Press, ISBN: 0195142527.

[13] GrayP.R., Hurst P. J., Lewis S. H., Meyer R. G., (2009), “Analysis and Design
of Analog Integrated Circuits” 5th Edition, ISBN: 978-0-470-24599-6.

[14] Web 2, (2019), http://www. alldatasheet.com/datasheetpdf/pdf/540512/TOSHI/,
BA/TLP152.html, TLP152 Datasheet, (Date of Access :10/04/2019).

34



[15] Kernighan B. W., Ritchie D. M., (1988), “ The C Programming Language”,
Edition, AT&T Bell Laboratories Murray Hill, ISBN: 0131103628.

[16] Barr M., Ritchie D., (1999), “Programming Embedded Systems in C and
C++ 7, 2nd Edition, ISBN: 1-56592-354-5.

35



BIOGRAPHY

Muhammed BAYRAM was born in Izmit in 1991. In 2015, he successfully
completed Department of Electronics Engineering of Faculty of Engineering at
Gaziantep University. In 2016, he started his graduate study in the Department of
Electronic Engineering at the Institute of Science and Technology of Gebze Technical
University. Since 2015, he has been working as a production manager in Bes-a

electronic company which produces electronic emergency lighting systems

36



APPENDICES

Appendix A: Publications within the Scope of Thesis

Bayram M., Suvak O., (2019), “Controlling circuitry for dc/dc converters - survey”,
Gebze Technical University Institute of Natural and Applied Sciences, Graduate
Studies Symposium & Presentation Days, 17-18 June 2019.

37



