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LIST OF ABBREVIATIONS
AC / CA - Alternating Current - Alternative Current
DC / CC - Direct Current - Continuous Current
U - Electromotive Voltage
| - Intensity of Electric Current
R - Resistance
L - Self Inductance
M - Mutual Inductance
C - Capacity
G - Conductance
Z - Impedance
X L- Inductive Reactance
X ¢ - Capacitive Reactance
T - Transistor
¢ m - Magnetic Flux
B - Beta - Amplification Factor
F - Frequency
ESR - Equivalent Series Resistance - the equivalent series resistance
LTx - Transmitting coil
LRx - Receiver coil
Rs - Load Resistor
K - Conversion ratio
WPT - Wireless Power Transfer - wireless power transfer
IPT - Inductive Power Transfer - inductive coupling for power transfer
CPT - Capacitive Power Transfer - capacitive coupling for power transfer
PWM / MID - Pulse Width Modulation - Pulse Duration Modulation
AM / MIA - Amplitude Modulation - Impulse Modulation in Amplitude
PFM /FM / MF - Pulse Frequency Modulation - Frequency Modulation
Dc - Duty Cycle - Signal fill factor
Dt - Dead Time - Dead Time
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BMS - Battery Management System - Battery monitoring system
SMD - Surface Mounted Device - the component is glued directly to the copper surface

THT - Through Hole Technology - the component pins are inserted through the printed
circuit

SOP-8 - Small Outline Integrated circuit - Integrated circuit with 8 terminals

IC - Integrated Circuit — Integrated circuit

PDIP-20 - Plastic Dual In-Line Package - Integrated circuit with 20 terminals
OP-AMP - Operational Amplifier

OSC - Oscillator, signal generator

ADC - Analog to Digital Converter - analog-digital converter

DAC - Digital to Analog Converter - digital-analog converter

SMPS - Switched-Mode Power Supply - Switching power supply

LCC - Coil-Capacitor-Capacitor Connection

LLC - Coil-Coil-Capacitor Connection

VCM - Voltage Controlled Mode - Control in voltage

CCM - Current Controlled Mode - Control in current

MOSFET - Metal Oxide Semiconductor Field Effect Transistor - transistor with field effect
IGBT - Insulated Gate Bipolar Transistor - bipolar transistor with insulated gate
LED - Light Emitting Diode - light emitting diode

ASIC - Application Specific Integrated Circuit - specialized integrated circuit
PCB - Printed Circuit Board - board with printed wiring

EMI - Electromagnetic Interference - electromagnetic interference

MPPT - Maximum Power Point Tracking - extracting the maximum power from the circuit
Np - Number of turns in the primary winding

Ns - Number of turns in the secondary winding

LFO - Low Frequency Oscillator - low frequency generator

VNA - Vector Network Analyzer - vector network analyzer
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1. INTRODUCTION

The research paper is entitled: “ Contributions to the Optimization of Inductive and
Capacitive Couplings Used in Switching Power Supplies”, this comes as a technological
advancement of switching power supplies used in the consumer electronics industry.

Most consumer electronic equipment (televisions, computers, monitors, printers,
audio systems, mobile phone chargers, laboratory equipment, network equipment, charging
systems for electric vehicles, most equipment powered from the national grid, etc.) use power
sources switching power supply..

These power supplies are indispensable and offer countless benefits such as: low
production costs, considerably reduced size and weight compared to linear power supplies.

The aim of this doctoral thesis is to make significant contributions to the realization of
switching power supplies with galvanic separation, by making some design changes on the
inductive and capacitive couplings, changes that will translate into benefits in relation to:
reducing the cost of production, energy efficiency, improvement of nominal operating
parameters and reduction of EMI emissions, etc.

For the development of changes in the structure of the power sources, (changes that
were presented in this paper), a series of calculations, simulations of electronic circuits using
dedicated programs, as well as laboratory experiments were carried out. In this research
paper, most of the satisfactory results obtained from the research conducted have been
presented.

1.1. Problem formulation

Most electronic equipment uses switching power supplies, especially equipment
powered from the national electricity grid. To ensure a stabilization of the output voltage (if it
is a voltage source), or a stabilization of the electric current (if it works in current source
mode), it is necessary to introduce a feedback loop between the secondary module of the
source and the module in primary source.

This feedback loop can be achieved by:

e Analogue optical coupling, where the signal is transmitted linearly, or digital
optical, where the reaction signal is transmitted in the form of pulses (in this
case it can be pulses for direct control of the power semiconductor element, or
indirectly, through a driver circuit). In the case of the analog optocoupler
(which is also the most used), if the optocoupler is defective (the LED inside
is destroyed due to overcurrent or high working temperatures) the output
voltage or output current will increase considerably, resulting in the
destruction the source but also the equipment it supplies.

e coupling , using a pulse transformer in the feedback loop, it can directly drive
the power transistors, or it can drive a driver circuit of the transistor or power
transistors.

The objectives of this research work are the following:
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Improving the performance of switching power supplies with galvanic separation, by:

1. Replacing the ferromagnetic core pulse transformer with:

e WPT circuit - placement of the primary coil and secondary coil on the PCB
path of the electronic module

e CPT circuit - using the capacity formed by the two paths of the top and bottom
PCB circuit , the dielectric being made of glass-textolite or pertinax.

2. Eliminating the optocoupler (analog or digital with hysteresis), and the pulse
transformer with a ferromagnetic core used to close the feedback loop and
introducing two couplings:

e |IPT inductive coupling, using two coils made from the PCB trace of the
module, without a magnetic core.

e Capacitive CPT coupling, using two capacitances made from the mod's PCB
trace.

Both couplings use WPT as their communication principle.

The advantages of new contributions are:

e Improving feedback loop response.

e Reduction of energy consumption by entering sleep mode of the primary mode
through the digital command from the secondary.

e Reducing energy consumption by eliminating the optocoupler.

¢ Improvement of nominal parameter variations with operating temperature.

e Reduction of drift voltage.

e Reducing the output ripple.

e Reduction of production cost by eliminating the optocoupler or ferromagnetic
core from the magnetic circuit of the feedback loop.

e Reducing the production cost of the impulse power transformer.

[ ]

1.2. Structure and content of the thesis
The research paper is structured in 9 chapters:

CHAPTER 1 INTRODUCTION problems encountered in closed-loop switching
power supplies, but solutions to solve them, are briefly presented.

CHAPTER 2 POWER SUPPLY TOPOLOGIES - a brief presentation of the main
switching power supply topologies, both with and without galvanic separation, was made.
The proposed solutions can be used within these topologies of switching power supplies.

CHAPTER 3 THE CURRENT STATE OF SWITCHING POWER SUPPLIES, a
brief presentation of the current technical ways of closing the reaction loops was made, as
well as a simulation of the three couplings, optical-inductive-capacitive.

CHAPTER 4 CONSIDERATIONS REGARDING THE OPTIMIZATION OF
SWITCHING POWER SUPPLIES. In this chapter, four technical solutions were presented
for the optimization of switching sources. The first solution is to replace the ferrite core

2
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power transformer with a WPT circuit made from the PCB circuit trace. The second solution
is given by replacing the power transformer with a capacitive coupling made from the PCB
circuit, for low power sources. The third solution is to close the feedback loop through an
inductive coupling made from the copper path of the PCB circuit. The fourth solution is to
close the feedback loop using capacitive coupling made using the PCB circuit. These
solutions are the subject of the next four chapters.

CHAPTER 5 CONSTRUCTION OF A SWITCHING POWER SUPPLY, HALF-
BRIDGE TOPOLOGY USING INDUCTIVE COUPLING, WITH OPEN FEEDBACK -
presents the research, design, simulation and physical realization together with experimental
results of a power supply using Half-Bridge topology. In this case the source replaces the
traditional transformer with an inductive coupling made of two overlapping PCB traces.

CHAPTER 6 CONSTRUCTION OF A SWITCHING POWER SUPPLY, HALF-
BRIDGE TOPOLOGY USING CAPACITIVE COUPLING, WITH OPEN REACTION
LOOP. In this chapter, research was carried out in the direction of replacing the usual
transformer with a ferrite core. Two sources were designed, simulated and physically built
using a capacitive coupling made from the PCB circuit.

CHAPTER 7 CONSTRUCTION OF A SWITCHING POWER SUPPLY, FLYBACK
TOPOLOGY, WITH CLOSED REACTION LOOP, CLOSING THE REACTION LOOP
BY INDUCTIVE COUPLING - research has been carried out to replace the optical coupling
with an optocoupler or inductive coupling with a ferrite core transformer , replacing it with an
inductive coupling made from the PCB circuit traces. Flyback topology was chosen for the
design of the source.

CHAPTER 8 CONSTRUCTION OF A SWITCHING POWER SUPPLY, FLYBACK
TOPOLOGY, WITH CLOSED FEEDBACK LOOP, CLOSING THE FEEDBACK LOOP
BY CAPACITIVE COUPLING - research was carried out in order to replace the optical and
inductive couplings, with a capacitive coupling used to close the loop of reaction in the case
of power supplies with galvanic separation. The electronic scheme was designed, calculations
and simulations were carried out, as well as the physical construction of the source together
with experimental results.

CHAPTER 9 FINAL CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS
— is a chapter dedicated to the presentation of the obtained results but also the new research
directions that are required based on the obtained results.

1.3. Dissemination of results

1) Mihaela Grib, lonela Vlad, OD Laudatu , AR Grib, M. lordache, Hybrid Equivalent Circuit
Generation, Carpathian Journal of Electrical Engineering, vol. 15, no. 1, pp. 81-93, 2021.

2) M. Grib, M. lordache, AR Grib, H. Popescu, O. Laudatu and M. Staniloiu, "The Use of
Thévenin, Norton and Hybrid Equivalent Circuits in The Analysis and Polarization of Nonlinear
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Analog Circuits," 2022 International Conference and Exposition on Electrical And Power Engineering
(EPE), lasi, Romania, 2022, pp. 198-207, doi: 10.1109/EPE56121.2022.9959871.

3) O. Laudatu , M. lordache, M. Stanculescu, L. Bobaru, D. Niculae and O. Drosu, "Wireless
Power Transmission System Design. A Practical Approach.," 2023 13th International Symposium on
Advanced Topics in Electrical Engineering (ATEE) , Bucharest, Romania, 2023, pp. 1-4, doi:
10.1109/ATEE58038.2023.10108155.

4) D. Niculae, M. Tordache, L. Bobaru, M. Stanculescu, M. Grib and O. Laudatu , "Adapting
the Impedance of The Signal Transmission Lines," 2023 10th International Conference on Modern
Power  Systems  (MPS), Cluj-Napoca , Romania, 2023, pp. 01-05, doi:
10.1109/MPS58874.2023.10187513.

5) O. Laudatu , M. Tordache, M. Stanculescu, D. Niculae, L. Bobaru and O. Drosu, "Loop
Closing of Flyback Switching Power Supply Using Inductive Coupling. Practical Study,” 2023 10th
International Conference on Modern Power Systems (MPS ), Cluj-Napoca, Romania, 2023, pp. 01-04,
doi: 10.1109/MPS58874.2023.10187546.

6) O. Laudatu , M. Iordache, M. Stanculescu, L. Bobaru, D. Niculac and E. Cazacu, "Loop
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6, doi: 10.1109/SIELMEN59038.2023.10290757
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2. POWER SUPPLY TOPOLOGIES
2.1. Introduction

The power supplies ensure the delivery of electric power to the electronic circuits,
having very well defined delivery parameters. Power supplies fall into two categories, linear
power supplies and switching power supplies.

Linear power supplies offer very good stability of output parameters, very low ripple
compared to switching power supplies, but very low energy efficiency. For this reason they
are used in most cases, in circuits where the consumed power is relatively low. An example
of an adjustable linear power supply can be seen in Fig. 2.1, where a laboratory linear power
supply is shown, it was designed to power various laboratory circuits.

Fig. 2.1 Adjustable linear power supply

Linear power supplies have much lower efficiency compared to switching power
supplies. This energy loss is mostly dissipated by the semiconductor elements, in the case of
the source shown, by the bipolar transistors connected on the radiator, shown in Fig. 2.2.

Fig. 2.2 Power supply transistors connected on the heatsink

The basic diagram of a stabilized linear power supply is shown in Fig.2.3. The basic
components are: the transformer TR1- has the role of changing the voltage/current
parameters, and to ensure a galvanic separation, it works at a low frequency, of the order of
Hz; the rectifier bridge BR1- has the role of rectifying the alternating voltage into pulsating
direct voltage; capacitor C1 - has the role of keeping the voltage constant, by reducing the
ripple; integrated circuit U1 - is a linear voltage stabilizer circuit, with the role of keeping the



Contributions on the optimization of inductive and capacitive couplings used in switching power supplies

VO output voltage stable; C3 - has the role of reducing the ripple value of the output voltage,
and improving the response of the feedback loop inside the linear stabilizer circuit.

A B T
T T

Fig. 2.3 Diagram of a power supply with linear voltage stabilizer

Switching power supplies are power electronic equipment that ensure the delivery of
electrical power to consumers at a very good efficiency compared to linear power supplies.
As a construction, they are more complex and require a greater number of electronic
components. They are called switching power supplies because they operate at medium to
high frequencies, on the order of KHz-MHz, for this reason they need an oscillating circuit to
generate that operating frequency.

An example of a switching power supply can be seen in Fig. 2.4, the power source
comes from a DVD.

Fig. 2.4 Switching power supply

The basic electronic diagram of a switching power supply can be seen in Fig. 2.5.

TR2 D1

T
= e

o1 BUCLA DE REACTIE

Fig. 2.5 Principle diagram of a switching power supply

2.2. Classification of switching power supplies
Switching power supplies are divided into several categories, depending on:

1.Galvanic separation:
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e With galvanic separation, inductive through a transformer or
capacitive through a capacitor

e Without galvanic separation, using coil or capacitor (charge
pump)

2.How to order power semiconductors:

e MID/PWM duration pulse modulation

e MIA/AM pulse amplitude modulation

e MF/FM frequency pulse modulation

3.Impulse and Rectification Command:

e Asynchronous - when the oscillator generates a single signal,
necessary for the control of the power transistor, the voltage
rectification is carried out by the diode, uncontrolled, when the
value of the forward bias voltage exceeds Uf-the forward bias
voltage of the diode, it varies depending on the type of diode.
For this reason, the power supply is called asynchronous,
because the rectification in the secondary and the pulse in the
primary are not synchronized.

e Synchronous - when the generator generates a control
pulse/pulses for the module in the primary, but also a control
pulse/pulses for the rectification module in the secondary, the
rectification being carried out in this case with power
transistors, it being necessary to introduce a Dt between these
pulses . In this case the pulses from the primary and secondary
are synchronized.

4.Feedback loop:

e Closed loop - when there is a communication link between the
secondary module and the primary module, it can be with
galvanic isolation, or without galvanic isolation

e With open loop - when the output parameters of the source are
not stabilized, the command is made according to the value of
the current in the primary module.

5.Feedback loop command:

e VCM - pulse control is performed according to the value of the
amplitude of the output voltage or voltages

e CCM - command is based on source output current or
drain/collector-transformer/coil current if operating in open
loop.

3. CURRENT STATE OF SWITCHING POWER SUPPLIES

3.1. Introduction
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In modern electronics, power supplies use a high-frequency transformer, with a
material called ferrite in the composition of the magnetic circuit, to transmit the electrical
power from the primary module to the secondary module. The transformer provides galvanic
separation between the primary and secondary side of the power supply.

=S T

Fig. 3.1 Power trans‘formers used in Full-Bridge and Flyback topology

Closing the reaction loop is achieved through two ways of transmission:
e Optical - analog using an optocoupler composed of an LED diode on the
secondary side, and a bipolar transistor on the primary side. In most cases this
is controlled by a controlled Zenner diode (TL431)

Fig. 3.2 EL817 optocoupler
- digital using an optocoupler that is composed of an emission LED, powered
by the secondary module of the source and a transistor that can control an
operational amplifier with class AB amplifier at the output, or can control a
circuit that has an integrated hysteresis loop.

€3

Fig. 3.3 Digital opocuplers -
e Inductive - using a pulse transformer Fig.2.26 having the magnetic circuit
composed of a ferrite core, it can transmit the control pulses from the

8
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secondary to the primary, or it can directly feed the power transistors Fig.2.26,
in this case it is necessary to implement a power sources in separate switching
with the role of keeping the control circuit in the secondary powered.

00086-A
81 XA0208

Fig. 3.4 Pulse transformers used to close the feedback loop or control power
transistors

3.2. Proposed solutions

To make the power supply more efficient, reducing the physical dimensions, |
propose replacing the power transformer Fig.3.1 with:

-Inductive coupling-transformer without magnetic circuit made of ferrite, this being
made on the PCB path of the printed circuit using several layers of the PCB circuit, or
making two coils (coil for primary and coil for secondary) glued on the layer of PCB.

- Capacitive coupling - using the capacitance formed between the copper layers of the
PCB, to transmit the electrical power to the secondary module.

To reduce the response time of the feedback loop, | suggest replacing the optocoupler
and ferrite core transformer with:

-Inductive coupling - closing the digital feedback loop by means of two coils built on
the circuit's PCB path, top and bottom.

- Capacitive coupling - the closing of the digital feedback loop is achieved by means
of two capacitors made from the circuit's PCB path, the pertinax having the role of dielectric
and insulating material, the material from which the PCB board is built.

4. OPTIMIZATION CONSIDERATIONS FOR SWITCHING POWER SUPPLIES

To optimize power supply dimensions, manufacturing costs, stand-by efficiency, and
variable load response, | propose four design changes:
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4.1. Modification 1 - Inductive couplings replacing the power transformer

Replacing the ferrite core high frequency transformer with an inductive coupling
made from coils made from the multilayer PCB circuit trace.

PCB |

PCB 2

Fig. 4.1 Replacing the transformer with WPT coils [7]

In Fig.4.1 is represented the power transformer from a switching power supply, and
the 3D design of the coils made on the PCB circuit, coils that replace the transformer.

4.2. Modification 2 - Capacitive couplings replacing the power transformer

In the case of switching power supplies with galvanic separation of very low powers,
of the order of 1-10W, the power transformer with a ferrite core can be replaced with a
capacitive coupling, made from the copper layers of the PCB printed circuit.

Layer 1 —) «——— Copper Foil
. } Prepreg
Layer 2————)
Layer 3 ———— . Copper clad
laminate (Core)
N } Prepreg
Layer4 ———)

+———— Copper Foil

Fig. 4.2 Replacing the transformer with capacitive couplings made from the PCB route [8]

Fig.4.2 shows the power transformer from a switching power supply and the 3D
section of a PCB printed circuit. The capacitance formed between the copper layers of the
PCB circuit ensures the transmission of electrical power from the primary module to the
secondary module.

4.3. Modification 3 - Inductive couplings used in the feedback loop

To improve the response of the feedback loop, in the case of power supplies with
galvanic separation, | propose replacing the optocoupler and the pulse transformer with an
inductive coupling made of two coils arranged on the top and bottom, on the PCB printed

10
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circuit. Thus we can provide galvanic separation, we can improve the response of the
feedback loop, all at a low cost.

Fig. 4.3 Replacing the optocoupler and pulse transformer with WPT coils

In Fig.4.3 you can see the commonly used transmission elements, in this case the
pulse transformer, the digital optocoupler and the analog optocoupler. Frequency response is
much better with WPT coil couplers.

4.4. Modification 4 - Capacitive couplings used in the feedback loop

In order to improve the feedback loop response and reduce production costs in
galvanically isolated and closed-loop switching power supplies, | propose replacing the
inductive coupling consisting of a ferrite-core pulse transformer and the optical coupling
made by an optocoupler, with a capacitive coupling made of two capacitors formed on the
PCB printed circuit path.

11
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Fig. 4.4 Replacing the pulse transformer and the optocoupler with a capacitive coupling

In Fig.4.4 you can see the optical couplings through the two optocouplers, the
inductive coupling through the pulse transformer and the capacitive coupling formed by the
two copper layers arranged on the printed circuit PCB path. One can distinguish the dielectric
of the capacitive coupling, made of pertinax.

4.5. ConCluSlonS

Following the laboratory experiments carried out, | can say that these couplings
represent a viable solution in the construction of switching power supplies with galvanic
separation.

To demonstrate the functionality of the above, the design, mathematical calculation,
simulation and physical realization of four switching power supplies are carried out, using the
design changes presented.

5. CONSTRUCTION OF A SWITCHING POWER SUPPLY, HALF-BRIDGE
TOPOLOGY USING INDUCTIVE COUPLING, WITH OPEN FEEDBACK

5.1. Introduction

The designed electronic module aims to demonstrate the functionality of a switching
power supply using the Half-Bridge topology, having the power transformer with a ferrite
core, replaced by an inductive coupling made of coils arranged on the copper tracks of the
PCB circuit.

The circuit provides galvanic isolation between the primary power supply module and
the secondary output module.

12
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5.2. Block diagram

TOPOLOGIE HALF-BRIDGE , CUPLAJ INDUCTIV
PUNTEH
MIC38C45 IR2111 PUNTE REDRESOARE
(=) pr

CONTROLUL ANALOGIC AL X
BUCLA DE REACTIE A

POTENTIOMETRU

Fig. 5.1 Block diagram of the Half-Bridge topology switching power supply through inductive
coupling

The module is supplied with a continuous voltage of 15V, this voltage supplies the
oscillator circuit, the driver circuit and the H-bridge. The oscillator circuit is MIC38C45, it
normally generates a rectangular signal, with fixed frequency and variable fill factor, the
pulses transmitted to the output being current controlled. In the present case, the power
supply is controlled by varying the frequency, PFM, and for this | had to make changes in the
basic schematic to make the circuit work with 50% duty factor and variable frequency.
Shown in the block diagram is the dotted line and the feedback loop, which would have
replaced the analog potentiometer frequency control.

In order to have a control of the experiments both during the simulations and in the
case of the practical experiments, the closed control through the reaction loop was
abandoned, and an analog potentiometer was connected, the source operating in the open
loop regime.

The signal generated by the oscillator circuit is transmitted to the IR2111 driver
circuit. It is composed of one input and two outputs. The input is connected to the signal
generator, and the two outputs to the MOSFET power transistors. The driver circuit has the
role of maintaining the control voltage and ensuring a sufficiently high current in the
transistor grid, especially in the case of inductive loads, such as the planar coil. Providing a
large drive current results in a much shorter signal rise and fall time. It also acts as an
inverting logic gate, while also introducing a dead time between the output signals.

The H-bridge is composed of two branches, the first branch is a capacitive divider that
divides the supply voltage into two, the other branch is composed of two IRF3205 MOSFET
semiconductor elements.

Transmission of electrical power and galvanic separation between primary and
secondary is achieved through an inductive coupling. In the research carried out both in
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calculations and simulations and in the physical realization of the module, four coils were
used, two for the primary and two for the secondary.
6. CONSTRUCTION OF A SWITCHING POWER SUPPLY, HALF-BRIDGE
TOPOLOGY USING CAPACITIVE COUPLING, WITH OPEN REACTION
LOOP

6.1. Introduction

The switching power supply aims to replace inductive coupling using pulse
transformers by capacitive coupling using capacitances made with the help of the circuit PCB
trace.

Due to the reduced capacities obtained through the PCB route, the power supply is
suitable experimentally, for maximum powers of 10W. The research aims to find a capacitive
coupling, of small dimensions, with low costs, and made of the same material as, which is
made of the electronic module, so that it can be adapted and integrated much more easily.

6.2. Block diagram

TOPOLOGIE HALF-BRIDGE , CUPLAJ CAPACITIV
MIC38C45 IR2111 'I’;"F';Tz';: cg;‘:ﬁgiﬁg’?f PUNTE REDRESOARE
OSCILATOR PFM CIRCUIT DRIVER Mosees TRASEUL POB SCHOTTKY

CONTROLUL ANALOGIC AL BUCLA DE REACTIE
FRECVENTEI PRIN :

POTENTIOMETRU

Fig. 6.1 Block diagram of switching power supply using capacitive coupling

The power supply is made with the voltage of 15V DC, it is composed of an oscillator
circuit, a driver circuit and a semi-controlled bridge H. These control modules were presented
in detail in (subchapters 5.3; 5.4; 5.5).

Experimentally, at the output of the H-bridge, two series CPT circuits are connected
in turn, formed by capacitances made from two different PCB circuits.

Also (chapter 5), in order to have a control of the output load, the reaction loop was
separated, the source operating in open loop mode. To ensure maximum power transfer, the
oscillator frequency was set to the resonant frequency for each experimental circuit connected
to the H-bridge.
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7. CONSTRUCTION OF A SWITCHING POWER SUPPLY, FLYBACK
TOPOLOGY, WITH CLOSED FEEDBACK LOOP, CLOSING THE FEEDBACK
LOOP BY INDUCTIVE COUPLING

7.1. Introduction

In order to demonstrate the functionality of a feedback loop through inductive
coupling, using coils made from the PCB route of the printed circuit, I propose the
realization, for research purposes, of a switching power supply using Flyback topology
(subchapter 2.4.1) with galvanic isolation between the primary module and the secondary
module. The research includes the design of the electronic scheme of the source, the
simulation on modules of the scheme, the physical realization of the power source, and the
retrieval of the results obtained in the laboratory, during the various tests.

The aim of the research is to:

- increases the reliability of switching power supplies, by eliminating the
optical coupling used in most power supplies, we no longer need to keep the LED on inside
the optocoupler, the inductive coupling consuming less electricity, if it is sized correctly.

- reduce production cost by making the feedback loop coupling coils on
the PCB path, replacing the optocoupler

- reduces the variation of the output voltage with temperature, the
optocoupler being an element sensitive to temperature variations and controlled in current, it
can show large variations in the parameters of the reaction loop

- reduces the power consumed in idle mode, by using the sleep function
of the Driver circuit

7.2. Block diagram

SURSA DE ALIMENTARE iN COMUTATIE TOPOLOGIE FLYBACK CU
INCHIDEREA BUCLEI DE REACTIE PRIN BOBINE WPT

MOSFET TRANSFORMATOR REDRESARE
230V AC FILTRU EMI PUNTE REDRESOARE FLYBACK MONOALTERNANTA

ALIMENTARE AUXILIARA €1

325VDC $
COMANDA
TRANZISTORULUI OSCILATOR
4+ PWM

BUCLA DE REACTIE PRIN

CIRCUIT ASIC CUPLAJ INDUCTIV -
DRIVER
MCP1012
* :

Fig. 7.1 Block diagram of Flyback switching power supply, with feedback loop closure by inductive
coupling
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The source is fed from the national grid, with a voltage of 230V AC, the voltage
initially enters a common mode filter, for cutting high frequencies. From the filter the voltage
reaches the rectifier bridge, which converts the alternating voltage into direct voltage of
approximately 325V DC. The specialized circuit is fed directly with this high voltage, being
necessary in sleep mode.

The circuit in the primary controls the pulses sent to the MOSFET transistor, the
transistor controlling the current in the primary winding of the ferrite core transformer. From
the transformer through the secondary winding, monoalternating rectification is achieved
with a fast diode, the output voltage being filtered through a low-pass filter, then transmitted
to the PWM oscillator circuit in the secondary.

In the secondary module there is a PWM generator, it is the same circuit as in Fig.5.3,
but the electronic scheme is different. A simple class AB amplifier with bipolar transistors is
connected to the output of the circuit, which has the role of feeding the feedback loop circuit
through inductive coupling.

The feedback loop works in digital mode, the control pulses being transmitted by the
secondary circuit. For this reason, it is necessary for the circuit in the primary to charge the
capacitors in the secondary at start-up in order for the circuit in the secondary to turn on and
close the feedback loop. If this does not happen, the source will operate in open loop mode.

When the power supply is switched on, the source operates in open loop mode, the
circuit in the primary having a built-in low-frequency LFO signal generator, with the role of
charging the capacitors in the secondary and thus waking up the circuit in the secondary.
After the wake-up time of the secondary circuit, the primary circuit receives the control
pulses and automatically enters the inverting driver mode, the power supply operating at this
moment in closed-loop mode.

8. CONSTRUCTION OF A SWITCHING POWER SUPPLY, FLYBACK
TOPOLOGY, WITH CLOSED FEEDBACK LOOP, CLOSING THE FEEDBACK
LOOP BY CAPACITIVE COUPLING

8.1. Introduction

Power sources use optical couplings through optocouplers or inductive couplings,
using pulse transformers, to close the feedback loop. In order to increase the performance of
switching power supplies, together with the reduction of the production cost, | propose to
replace the inductive and optical couplings used to close the feedback loop, with a capacitive
coupling made from the PCB wiring of the power supply and the copper layers that it
incorporate.

Following the research carried out, I consider this coupling viable, and I propose the
realization of a switching power source with galvanic separation and Flyback topology
Fig.2.18, using a capacitive coupling to close the reaction loop.

8.2. Block diagram of power supply using capacitive coupling feedback loop closure
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SURSA DE ALIMENTARE iN COMUTATIE TOPOLOGIE FLYBACK CU INCHIDEREA

BUCLEI DE REACTIE PRIN CONDENSATOARE REALIZATE DIN PCB

MOSFET TRANSFORMATOR REDRESARE
230VAC FILTRU EMI PUNTE REDRESOARE 10NK60 FLYBACK MONOALTERNANTA

ALIMENTARE AUXILIARA 43

COMANDA
TRANZISTORULUI OSCILATOR
4+ PWM

BUCLA DE REACTIE PRIN
CUPLAJ CAPACITIV
BUCLA DE REACTIE PRIN
CONDENSATOARE REALIZATE
DIN PCB

325V DC

CIRCUIT ASIC
DRIVER

MCP1012

Fig. 8.1 Block diagram of switching power supply, Flyback topology, with feedback loop closure by
capacitive coupling

The operation of the power supply is similar to the switching power supply shown in
(chapter 7), except the internal block contains the feedback loop closure by capacitive

coupling.
Capacitive coupling, like inductive coupling, works only with alternating component.
The control of the reaction loop is realized from the secondary module with the help of the

PWM generator.

8.3. Electronic schematic of capacitive coupling

CUPLAJ CAPACITIV
+ +
b c1 N PWM IN
IN3904 IN3904 M ID
1 A
PWM QUT R13 330pF R17
AN —\\\—2
100k 2 4 I 0o ==C21
— I R16 T 100nF
——C18 %113905 ) %313905 2 o
T j 330pF j
{TPPWM
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Fig. 8. 2 Electronic schematic of the capacitive coupling used to transmit the signal to the feedback
loop

In the electronic scheme shown in Fig.8.2, the signal input to the block is made from
the right, through the PWM IN connection, and the signal output to the driver circuit in the
primary is made through PWM OUT. The signal enters resistor R17, which has the role of
limiting the bias current, and not exceeding the limits of the static operating point of the
bipolar transistors.

In order to be able to measure the signal with the oscilloscope, a resistor is connected
from the signal branch with the role of short circuit protection during measurements, the
oscilloscope presenting high input impedance, of the order of M€, a resistor with the value of
2.2kQ will not affect the read signal . The measuring probe is connected to the point (TP
PWM).

The circuit is powered by the + terminal, and to ensure voltage stability, both at low
frequencies and at high frequencies, two capacitors, C22 and C21, are connected on the
power supply branch, close to the bipolar transistors, as capacitors of bypass.

The amplified output signal from the bipolar transistors is then transmitted through
two capacitive couplings C1 and C2, to the circuit in the primary. The circuit takes the
transmitted signal and amplifies it using two bipolar transistors forming a class AB amplifier.
Parallel to the received signal, R13 is connected with the role of signal adaptation. On the
physically realized, experimental module, this resistor is a trimmer.

The amplified signal is transmitted to the driver circuit through capacitor C18, it has
the role of maintaining the voltage at the terminals throughout the T on period Of the MOSFET
power transistor. The circuit presents in the input pin, the PULSE pin Fig.7.4, a high input
impedance, which does not discharge the capacitor and maintains the positive voltage during
the conduction period.

9. FINAL CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS
9.1. GENERAL CONCLUSIONS

Power supplies are used in almost every electronic equipment, they are almost
indispensable when it comes to equipment that connects to the national grid, for this reason,
their development must represent a continuous process.

The main idea of the research in the doctoral thesis starts from the need to develop
switching power supplies with the best possible performance, costs and characteristics. The
experience gained from the design of power supplies, the passion for this field and the
research carried out, are transposed in the work of research through the development of the
four types of couplings that bring beneficial changes in the construction of various topologies
of switching power supplies.

During the research stages, some problems were encountered, especially during the
physical realizations of the modules powered by high voltages, because any error, or any
experiment done wrong, will automatically lead to the irreparable destruction of the
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components, especially in the primary module. But to achieve satisfactory and notable
results, research must go through failure and continue.

In the case of research on inductive couplings, which replace the transformer with a
ferrite core, | believe that the results obtained represent an important step in the development
of power sources. The possibility of eliminating the ferrite core offers the advantages of
making power modules with much lower costs, much lower weights and better response time.
Removing the ferrite core will also remove noise in the audio frequency range.

Following the research carried out, the replacement of the power transformer with
capacities made of PCB modules, are suitable where there is sufficient space for the power
supply module, and the nominal power required by the load does not exceed the value of
10W, such as an application with LEDs, a signaling module, or powering a switch.

The two ways of closing the feedback loop through inductive and capacitive
couplings offer a wide range of advantages in the development of future power supplies with
galvanic separation. Energy advantages, the feedback loop consumes a lower amount of
energy than the classic optocoupler coupling. The operating frequency is much better, which
translates into shorter conduction and blocking switching times. Safety in operation, in the
case of the optocoupler, it can fail, especially in the case of working environments with high
temperatures, capacitive or inductive couplings being much more resistant in these
environments.

| believe that from the research carried out | can derive power supply projects with
improved general characteristics.

9.2. ORIGINAL CONTRIBUTIONS

The contributions made in the field of switching power supplies can be summarized
as follows:

+ In the first chapter, a brief presentation of the problems with reference to switching
power supplies was made. Their main topologies were briefly presented in chapter
two, where both galvanically isolated and non-isolated power supplies were included.
For these, the basic electronic diagram was made and the principle of operation was
explained for each individual topology;

+ In the second chapter, the most common switching power supply topologies with
galvanic isolation and closed feedback loop were presented. All the presented
topologies use one or more feedback loops, and the experiments presented in the
thesis, regarding the closing of the feedback loop by inductive or capacitive coupling
can replace the usual version by optocoupler or impulse transformer;

+ In chapter 3, a simulation of the three types of couplings, optical, inductive, and
capacitive, was carried out, and the statements made were demonstrated with the help
of laboratory experimental results.

+ In chapter 4, the solutions that come to the aid of the previously presented problems
were presented.

+ In chapters 5, 6, 7, and 8, | can say that for each new, verified research idea, an
experimental module was made, these modules are arranged separately in the four
chapters. Within each individual module of the four chapters, the electronic scheme
was designed, calculations were made for the correct dimensioning of the
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components, and computer-assisted simulation was used to validate the values and
principles used. After the validation of the results, it was moved to the physical
realization on different modules, to confirm the results obtained up to this point. After
the realization of the modules, on the breadboard, circuits in the air, it was moved to
the stage of designing the final module, by assembling the previously experimentally
verified modules. After the physical realization, the experimental determinations were
made, then the areas where the results can be better were identified. After completing
the research, they were translated into the present thesis.

The original contribution made in the doctoral thesis consists in: the design,
simulation, construction and testing (using various tasks) of switching power supplies using
inductive and capacitive couplings both on the electric power transmission branch and on the
signal transmission branch command.

The main original contributions made by the author in the thesis are:

v

Ensuring galvanic separation from the feedback loop using inductive and
capacitive couplings in the area of switching power supplies, by replacing the
optical coupling or impulse transformer with WPT or CPT circuits.

Improving response time within the feedback loop through capacitive and
inductive couplings.

Reduction of electricity consumption when the switching power supply is in
stand-by mode.

Implementation and simulation of the sleep regime in the case of the oscillator
circuit in the primary.

Reduction in voltage output ripple, reduction due to much better response time
of the feedback loop, in the case of switching power supplies using flyback
topology.

Replacing the magnetic circuit made of ferrite with a WPT coupling, offering
reduced dimensions compared to the pulse transformer.

Replacing the magnetic circuit made of ferrite with a CPT coupling, this was
done using the module's PCB trace.

Simulation of capacitive couplings, their analysis and experimentation, for a
frequency band included in the working range of switching sources.
Simulation of inductive couplings, their analysis and experimentation, for a
frequency band included in the working range of switching sources.

Analysis of capacitive and inductive couplings (art. 7), analysis of response
times of the reaction loop.

Analysis of semiconductor elements (art. 8), the effect of C gs, C cp (Miller)
capacity on the driver circuit, the behavior of ultrafast diodes in the
rectification circuit in the secondary.

The behavior of the driver circuit in the primary module, operating in PWM
mode, respectively the analysis of the reaction loop when the source is in no-
load mode, respectively Dc-0.3%

The experimental behavior of the reaction loops using the test mode , the
signal generation being carried out by a bench oscillator.
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v Analysis of output voltage variation with temperature using the two couplings,
inductive and capacitive.

v Experimental realization of a switching power supply using flyback topology,
using PWM, with galvanic isolation using capacitive coupling CPT to close
the feedback loop.

v Experimental realization of a switching power supply using flyback topology,
by PWM control, with galvanic isolation using WPT inductive coupling to
close the feedback loop.

v' Experimental realization of a switching power supply using half-bridge
topology, using PFM, with galvanic separation using capacitive coupling for
the transmission of electrical power.

v The response of the power supply using half-bridge via capacitive coupling
CPT in the case of operation in the resonant regime.

v' Experimental realization of a switching power supply using half-bridge
topology, using PFM, with galvanic separation using inductive coupling for
the transmission of electrical power.

v Analysis of the response to variable resistive loads of flyback and half-bridge
sources.

v' The variation of Dc, and the behavior of the command signal, was analyzed
using a supply voltage range of 80-250V AC, the variation being made with
the help of an autotransformer, for the flyback topology.

9.3. PROSPECTS FOR FUTURE DEVELOPMENT

From the research done, many other switching power supply configurations can be
derived. Power supplies can be created using inductive or capacitive couplings, both for
transmitting power and for transmitting feedback signals. Due to the couplings made,
communication signals (such as sleep input signals of the primary module) can be transmitted
through the power cable with coaxial, using only the power wire and the GND plane, a signal
can be transmitted with, alternative component .

Due to the elimination of the ferrite magnetic core, mechanically flexible power
supplies can be made, where the components are part of the SMD technology, together with
the inductive or capacitive couplings to be glued and made of flexible foil.

The implementation of much faster protections in the module from the secondary,
given the fact that in the research carried out, the pulse command is carried out from the
secondary module, from here we can deduce that the overcurrent or overvoltage protection is
much faster, as well as the actuation time.

The design of a power supply has begun by integrating the two sources presented in
chapters 5 and 7, thus we can create an inductive coupling made from the PCB route, both for
signal transmission and for electrical power transmission.
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11. ANNEXES
11.1. A1 DIAGRAM OF THE BASIC MODULE OF HALF-BRIDGE TOPOLOGIES
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11.2. A2 SCHEMATIC OF FLYBACK POWER SUPPLY USING CLOSING OF THE
FEEDBACK THROUGH INDUCTIVE COUPLING
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11.3. A3 SCHEMATIC OF FLYBACK POWER SUPPLY USING CAPACITIVE
COUPLING CLOSING THE FEEDBACK LOOP
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