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Abstract 

This thesis treats the design and implementation of a power distribution network for a controller PCB 

for controlling charging of electric vehicles. The controller PCB is powered by mains power, and thus 

needs both AC to DC conversion and DC to DC conversion in order to operate. The thesis focuses on 

the design of an isolated flyback topology AC to DC converter, while also describing the design and 

implementation of the DC to DC converters needed for the controller PCB to operate. 

 The work started with some theoretical study, and then progressed into designing the converters. 

The AC to DC and the DC to DC converters where designed in parallel. After the design phase was 

complete the converters where implemented on PCBs for evaluation. The evaluation of the AC to DC 

converter involved evaluation of several different transformers from different suppliers, as well as 

evaluation of the circuit design itself. All converters designed proved functional after evaluation. 
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1 INTRODUCTION 

Any given PCB that is to be powered by mains electricity needs the AC voltage from the outlet 

converted into DC. This conversion is accomplished by an AC/DC-converter. Further DC/DC 

conversion is usually needed as modern PCBs and their various IC’s and components operate in a 

number of different DC-voltage levels. Voltage conversion in electronics is accomplished by voltage 

converters. The network of the converters present on a PCB is collectively known as a Power 

Distribution Network, or PDN. This thesis describes the workflow of designing a PDN, with focus on 

the AC/DC conversion, that meets the ヴeケuiヴeﾏeﾐts of Chaヴge“toヴﾏ AB’s HCC IiヴIuit Hoaヴd [1]. 

1.1 PURPOSE 
The purpose of the thesis work is to design and implement a power distribution network for 

ChargeStorm AB’s HCC PCB. Starting by converting mains AC to DC, and then further convert this DC-

voltage to the levels needed for the HCC to operate. Furthermore, the various elements of the PDN 

must comply with the various standards that govern charging equipment for EV’s.  

ChargeStorm AB currently uses a number of third party modules to build the PDN of the HCC. These 

are both expensive and, especially the AC/DC converter, are difficult to source. The PDN design in 

this thesis should be both cheaper and comprised of components that can be purchased from 

multiple sources. 

 
The HCC is considered by ChargeStorm AB as a low cost product, for use in small scale private 

installations, as opposed to the more complex product, the CCU, which is intended for large scale 

commercial use. This puts demand on the overall cost of the PDN, which should be minimized. 

1.2 THE HCC 
The HCC is a control PCB designed by ChargeStorm AB used to control charging equipment for 

electric vehicles. Specifically, the HCC is intended for use in small scale installations in private homes, 

and is a simplified version of ChargeStorm ABs more complex controller cards. 

The HCC PCB controls an EV charging station, making sure the current delivered to the EV is correct 

through limited communication with the EV in accordance with the standardized communications 

protocol [2].  

The HCC is also capable of operating in Chargestorm ABs nanogrid configuration, which means that 

several charging stations communicate with a so called grid-controller. The grid-controller monitors 

the power delivered from each charging station to the EV’s and balances this so as to not trip any 

fuses. The communication is accomplished with the Modbus protocol over a RS-485 system [3]. 

1.3 METHODOLOGY 
The thesis should design and implement a cost efficient PDN, in full compliance with the relevant 

standards for charging equipment for electric vehicles. As the AC/DC-conversion is the most complex 

part of the PDN design, the bulk of the thesis and therefore this report will be focused on this. 

The PCB layout design will take place in the Eagle environment [4], with complementary simulations 

in the LTspice software [5]. The simplified topology schematics was drawn using Draw.io and the 

electrical schematics in chapter 3 was drawn using Altium Designer v16 [6][7].  
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1.4 LIMITATIONS AND DELIMITATIONS 
In accordance to the NDA no details regarding systems developed by Chargestorm AB will be shared. 

As a result of this some numerical values and practical results may be distorted or omitted. 

The AC/DC-converter and the various DC/DC converters will only be implemented on the actual HCC 

PCB if there is time, as redesigning the HCC with the PDN designed during the thesis would be a 

substantial task and will be considered optional within the scope of this thesis. Instead the various 

elements of the PDN will firstly be designed and implemented separately and later reviewed by 

emulating the power consumption on the different voltage-rails of the HCC. Furthermore, as the 

design AC/DC converter is the most complex part of the work, the majority of the thesis will focus on 

this. The design process of the various DC/DC converters will also be described, but to a lesser extent. 

  



 

3 

 



 

4 

 

2 BACKGROUND THEORY 

This chapter presents the necessary theoretical background needed to comprehend the thesis work.   

2.1 ELECTRIC POWER CONVERSION OVERVIEW 
Within the scope of electrical engineering, power conversion means converting one form of electric 

energy to another. It can mean changing the frequency or the voltage, or the conversion from AC to 

DC. In this thesis conversion from AC to DC as well as conversion between one DC voltage to another 

DC voltage will be discussed. 

2.1.1 Switched conversion 

A SMPS efficiently converts electrical power by switching a pass element (i.e. a transistor) between 

fully conducting (i.e. low dissipation) on-state and non-conducting off state. Rapid switching means 

that the SMPS dissipates very little power, as it spends minimal time in transition between on- and 

off-states.  

By varying the duty-cycle of the switch, SMPS’s can achieve voltage regulation. Unlike linear 

regulation, switching regulation can produce output voltages which are higher than the input 

voltage, or output voltages of reversed polarity relative to the input. 

Nearly complete switching regulators are available as ICs, making SMPS design simpler. Such ICs 

usually require only an inductor, a diode and minimal additional components. The inductor acts as an 

energy bank during the off-state of the switch and the other components used for loop 

compensation and filtering. 

The Main advantages of using a SMPS is its high efficiency, as well as its ability to regulate outputs of 

higher or reversed polarity compared to the input.  

A disadvantage of the SMPS are its comparative complexity. A proper SMPS design requires careful 

selection of the inductor as well as proper loop compensation to ensure stability. The SMPS also 

inevitably generates ripple on its output due to its switching nature. In some systems this ripple can 

be considered noise and can cause a number of problems, such as measurement inaccuracies or EMI. 

As such the SMPS requires careful design in order to comply with the various EMC regulations in 

place across the world. 
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2.1.2 Linear Conversion 

Linear conversion is so called because it operates in the linear region, as opposed to switched 

conversion which ideally operates in discrete full-on or full-of states. The resistance of a linear 

regulator varies with the load, generating a constant voltage output. Because of this a linear 

regulator is inherently inefficient, as it dissipates energy into heat as it drops the voltage. 

Linear regulators are available in ICs, often only requiring some additional capacitors for stability. 

These ICs often incorporate negative feedback, resulting in a tightly regulated output, with very little 

ripple on the output voltage compared to a SMPS.  

Advantages of the linear regulator include its simplicity, requiring very little effort from the designer, 

as well as its price, which is often only a fraction of the cost for an SMPS. It also offers a highly stable 

output voltage, which makes it useful as a post-output filet for other regulators. 

Its inherent inefficiency is its main drawback, coupled with its need for the input voltage to be higher 

than the output voltage. This is somewhat mitigated by using an LDO, which can regulate from an 

input only slightly higher than the output. 

 

2.2 SWITCH MODE DCDC CONVERSION 
Most SMPS use the same basic components, but depending on how these components are arranged 

and coupled, several different types of conversion can be achieved. These configurations, or 

topologies will be described. 

2.2.1 Buck converter 

The buck converter, also called a step-down converter, converts (or steps down) an input voltage 

into an output voltage that is lower than the input, and as power is conserved the current is stepped 

up. Typically, a buck converter consists of a transistor, a diode and some energy storing elements, 

usually an inductor and a capacitor. 

 

Figure 2.1: Buck converter basic topology. 

Figure 2.1 shows a circuit diagram of the Buck converter, with the necessary components for normal 

step-down operation. Apart from the components in Figure 2.1, proper Buck-converter (and indeed 

any DC/DC converter) design usually includes filters on the output and input in order to reduce the 

ripple that is produced by the switching. 
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Figure 2.2: Buck converter switch-closed current flow. 

 

Initially at first appearance of an input voltage, before the switch is closed there is no current in the 

circuit. When the switch then closes current begins to increase in the circuit, as seen in Figure 2.2. 

The inductor reacts to this change in current by producing a voltage of opposite polarity, which 

causes the net output voltage to drop. As the current approaches its final value, its rate of change 

will decrease. This in turn causes the voltage produced by the inductor to decrease, and thus the 

voltage at the load will increase.  

 

Figure 2.3: Buck converter switch-open current flow. 

Before the current stops changing the switch will open. This means that the net voltage at the output 

is still lower than the input voltage. During the time the switch was closed, the inductor stored 

energy in the form of a magnetic field. When the switch opens, the current in the circuit will 

decrease, causing the inductor to produce a voltage by releasing the magnetically stored energy, thus 

turning the inductor into the new voltage source of the circuit. In Figure 2.3 the current flow through 

the circuit with the switch open is shown. 
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2.2.2 Boost converter 

The Boost converter, or step-up converter, generates a voltage that is higher at the output than at 

the input, while stepping down the current. 

 

Figure 2.4: Boost converter basic topology. 

In Figure 2.4 the circuit diagram of the boost converter is displayed. The boost converter consists of 

the same components as the buck converter, but in different positions in the circuit, as seen by 

comparing Figure 2.1 and Figure 2.4. As with the buck converter, additional filter components are 

usually necessary in order to reduce ripple. 

 

Figure 2.5: Boost converter switch-closed current flow. 

When the switch closes, current flows through the inductor, as seen in Figure 2.5, which stores 

energy by producing a magnetic field.  

 

Figure 2.6: Boost converter switch-open current flow. 

 
The switch then opens, causing the current to decrease due to the increased impedance. This change 

in current causes the inductor to act as a second voltage source, and the two sources in series, the 

voltage supply and the inductor in Figure 2.6, produces a higher voltage at the output relative to the 

input. The rapid switching then results in the inductor never to fully discharge; thus the load always 

sees a higher voltage than at the input of the converter. The capacitor will also be charged to this 

higher voltage during the period the switch remains open, so the capacitor is able to provide voltage 
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to the load during when the switch is closed, with the diode preventing the capacitor from 

discharging back through the switch. 

2.2.3 Buck-boost converter 

There are two different topologies called buck-boost. In this thesis the inverting buck-boost 

converter will be treated. The other topology is used for inputs that can vary between being higher 

or lower than the output, and will not be treated as it is not implemented.  

 

Figure 2.7: Buck-boost converter basic topology. 

The buck boost converter consists of the same elements as the buck and boost converters, as seen in 

Figure 2.7. It is noteworthy that the diode is in the opposite direction compared to the buck or boost 

converters, this is because the inverting buck-boost converter produces an output voltage of reverse 

polarity relative to the input.  

 

Figure 2.8: Buck-Boost converter switch-closed current flow. 

During the time-period the switch is closed, the inductor is coupled directly to the input voltage as 

seen in Figure 2.8. The voltage source causes the inductor to store energy, while the capacitor, which 

is charged with voltage of reversed polarity, supplies the load with current. The diode prevents the 

current from flowing through the inductor. 

 

 

 



 

9 

 

 

Figure 2.9: Buck-Boost converter switch-open current flow. 

As the switch opens, the inductor starts to act as a voltage source, releasing the stored energy and 

producing a voltage of reversed polarity relative to the input. As seen in Figure 2.9 The capacitor is 

now charged by the inductor and the load is then supplied by both the inductor and the capacitor. 

2.2.4 Continuous and Discontinuous Mode operation 

Switch Mode converters are said to operate in continuous mode when the current through the 

inductor never falls to zero during a switch on-off cycle. The designer is often encouraged by 

datasheets to design the converter circuit to ensure continuous mode operation, as the equations 

that govern stability are somewhat simpler in this configuration. 

Converters operating in discontinuous mode have a small enough load that the energy is supplied 

faster than the time needed for the converter to complete a full switch on-off cycle. This means that 

the current through the inductor falls to zero during a part of the time period. This affects the 

stability equations, particularly for the Buck converter. Modern IC’s are however mostly capable of 

compensation for this and operate in DCM without any notable on efficiency or stability. 

2.3 ISOLATING SWITCH MODE ACDC CONVERSION 
Switch Mode AC/DC conversion converts from alternating current to direct current using the same 

basic principles as Switched Mode DC/DC conversion. And as in the case of DC/DC conversion there 

exist several topologies, however this thesis will only treat one of these, as it was the one to be 

implemented, namely the Flyback topology. 
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2.4 ISOLATED FLYBACK CONVERTER BASIC OPERATION 

 
Figure 2.10: Isolated Flyback converter basic topology and current flow. 

 
As seen in Figure 2.10, a Flyback converter operates like a buck-boost converter, with the inductor 

replaced by a transformer. This transformer provides galvanic isolation, which is crucial for many 

AC/DC applications.  

When the switch is closed, the primary side of the transformer is directly connected to the voltage 

source, causing the magnetic flux inside the transformer to increase. A voltage is also induced in the 

secondary side of the transformer, but of reversed polarity, causing it to be blocked by the diode. 

With the switch opened, the current and magnetic flux on the primary side drops, this results in a 

positive voltage on the secondary side. As seen in Figure 2.10 the diode now conducts and the 

transformer and capacitor supplies the load. 
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2.5 AC/DC FLYBACK CONVERSION THEORY 

 

Figure 2.11: Isolated flyback circuit sections and associated waveforms. 

In Figure 2.11 a more complete circuit diagram of an AC to DC flyback converter is seen, as well as 

the waveforms associated with the enumerated sections of the circuit. The first part of the section is 

simply the incoming AC voltage i.e. from a regular mains outlet. In the second part a diode rectifier 

bridge is shown. As seen in the corresponding waveform the bridge rectifies the negative part of the 

incoming AC voltage to be positive. The third part consists of a capacitor, which smooths the 

waveform into a high voltage DC. Conversion from AC to DC have at this stage been principally 

achieved, however the voltage is much too high to be usable for common DC circuits. Neither has the 

galvanic isolation the transformer will provide been achieved, so additional steps are required. In 

part four the switch, controlled by a control circuit in the form of an IC, chops the high voltage DC 

into square wave AC. The frequency of the square wave AC is significantly higher than the 50Hz 

available in mains outlet. This high frequency allows for the use of a much smaller transformer than 

would be necessary at low frequency. Part five involves the diode rectifying the square AC into a half 

wave square, which is then smoothed out in the capacitor to a DC usable by DC-drive circuits. 

If the circuit in Figure 2.10 is considered as the basic flyback converter, the actual isolated flyback AC 

to DC converter is somewhat more complicated. Firstly, when the switch, which is usually a MOSFET, 

turns on current flows to the primary winding of the transformer, which stores energy. When the 

switch closes, the energy is releasing from the secondary winding and the diode coupled with the 

capacitor generates a DC voltage on the load. But because the core of the transformer contains a gap 

which causes imperfect coupling, magnetic leakage flux generates leakage inductance. This leakage 

inductance can model as an inductor in series with the circuit. The leak inductance receives current 

from the switching and stores energy. The release of the energy generates a surge voltage on the 

drain of the MOSFET, which could damage or destroy it. To prevent this, a snubber is designed into 

the circuit, which will suppress this voltage surge. The snubber is a critical part of flyback design and 

will be expanded further upon. 
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3 IMPLEMENTATION 

The first step of the design process was to determine the requirements of the PCB. The HCC needs a 

+24V main rail, positive and negative 12V rails for operating the communication between the HCC 

and the electric vehicle and   a +3.3V rail for powering an MCU and various components.  

Apart from this the RS-485 communication IC requires an isolated +5V to operate. The isolation is 

necessary, as the RS-485 includes a differential pair for sending data and a GND reference line. It is 

not desirable to connect the individual GND reference of each unit in the daisy chain to the RS-485 

network, because there can be large distances involved, and different potentials in the different 

GNDs.  

The +24V and the isolated +5V was decided to be generated directly by the AC/DC, the other DC 

voltages would be generated by additional DC/DC converters. 

3.1 DCDC IMPLEMENTATION 
The +3.3V and +12V were decided to be converted directly from the +24V rail. The inverted -12V 

voltage would be converted from the +12V rail. The reason for not generating the negative -12V 

directly from the +24V is that control circuit IC are specified with a maximum difference between the 

input and output voltages. Conversion from +24V to -12V would involve a potential difference of 

36V, converting from +12V would lower the difference to 24V. While there are ICs capable of 

handling the larger difference, the lower difference allows for a broader range in choosing the IC.   

3.1.1 +24V to 3.3V Design 

 

Table 3.1: Basic requirements for the 24V to 3.3V converter design. 

Input Voltage [V] +24 

Output Voltage [V] +3.3 

Typical Output Current [mA] 250 

Operating Temperature Range [C] -20 to +70 

 

The first part of the design process is to define the requirements of the converter circuit. Table 3.1 

contains the most fundamental parameters that need to be defined before a controller IC can be 

chosen. Apart from the parameters listed in Table 3.1, there are other parameters that are important 

to consider, such as ripple and efficiency requirements. These parameters can however be 

determined organically during the design process unless they are critical, as they will be in this case.  

For the 24V to 3.3V conversion, the さMC33063Aざ IC from Texas instruments was selected to be used 

to control the buck converter circuit [8]. The MC33036As main advantage is its price. It is an older 

generation of controller ICs, and is produced by several manufacturers. Due to the IC being of an 

older generation, it lacks some of the functions present in newer ICs, such as thermal shutdown and 

soft start function. It also switches at a lower frequency than most modern controllers, at a 
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maximum of 100kHz. The lower frequency results in a larger inductor needed for the design. The 

price does however make the MC33036A an attractive choice, and with careful design the controller 

will still perform well. 

Table 3.2: MC33063A relevant performance parameters. 

Maximum input voltage(V) 40 

Minimum output voltage(V) 1.25 

Typical switch current limit (A) 1.5 

Maximum switching frequency (kHz) 100 

Operating Temperature Range [C] -40 to 85 

 

Table 3.2 shows the performance parameters that were most relevant to this particular design, 

extracted from the datasheet. The first two parameters in Table 3.2 shows that the MC33063A was 

indeed capable of converting +24V to the desired +3.3V.  

The third parameter is the maximum current the internal switch of the MC33063A can handle. The 

datasheet states that, for a buck converter, the switch current is calculated as two times the output 

current. In Table 3.1 the typical output current was defined as 250mA, to ensure that the MC33063A 

will perform in our application we must however consider the highest possible output current The 

highest output current estimated for this design was 0.4A, which results in an estimated maximum 

switch current of 0.8A. This was within the limit of the switch current. Had the estimated maximum 

switch current been outside of the limit, an external transistor with higher current capacity could 

have been used to do the switching. 

The MC33063A has an adjustable operating frequency that needs to be set by the designer. The 

maximum switching frequency from Table1 was chosen as the operating frequency, as a higher 

frequency results in a smaller inductor needed, which saves room on the PCB. 

The minimum inductance of the inductor can be calculated from the datasheet, and thereafter an 

appropriate inductor can be chosen. The lowest estimate of the output current should be used when 

calculating the inductor value, as this will ensure that the converter stays in continuous conduction 

mode during operation. Continuous mode is desirable in most Buck-converter applications as it 

results in a smaller ripple on the output voltage. The inductance is however not the only parameter 

that needs to be considered when choosing the inductor. The inductor must also be able to handle 

the currents that will pass through it without saturating. The minimum inductance needed was 

calculated, from the datasheet, as 62uH. With this, and the currents, in mind the SRN6045-680M 

68uH inductor from BOURNS was chosen. 

The diode also needs to be chosen with care, as it also needs to cope with the currents as well as the 

rapid switching taking place. Another consideration when choosing the diode is that its performance 

will have a large impact on the overall efficiency of the converter circuit. For this reason, a schottky-
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diode is often an attractive choice, due their low voltage drops and short reverse recovery times. For 

this design the PMEG6010CEJ schottky-diode from NXP was chosen. 

The output capacitor is the last critical part of the converter that needs to be determined. The 

datasheet formulae generate a recommended value of 6uF. It is however wise to choose a value 

larger than this to compensate for the ESR of the capacitor, as well as to improve the converter's 

ability to handle transients. Therefore, a capacitor with 22uF was chosen. 
 

 
Figure 3.1: 24V to 3.3V converter with MC33063A. 

Figure 3.1 shows the finished design of the converter. The large input capacitor is recommended by 

the datasheet to stabilize the input voltage during the current peaks present on the input of the 

switched voltage converter.   

3.1.2 +24V to +12V Design 

 

Table 3.3: Basic requirements for the 24V to 12V converter design. 

Input Voltage [V] 24 

Output Voltage [V] 12 

Typical Output Current [mA] 20 

Operating Temperature Range [C] -20 to +70 

 

The low output current requirement seen in Table 3.3 makes a linear regulator an attractive choice. 

Linearly converting 24V to 12V will result in an efficiency of about 50%, which is arguably not very 

high, however the small output current means that the actual power wasted is manageable.  
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Another reason for choosing a linear regulator in this application is the need for a stable output with 

low ripple. This is because the 12V is used in the communication between the EV and the EVSE, and 

this communication is regulated by standards that puts demands on the stability. In this specific 

application there was another important reason for using an LDO to generate the +12V, namely the 

limited amount of board space available on the HCC, as an LDO requires significantly less area than a 

SMPS. 

 As the +12V is was to be used in communication between the charging station and the EV, the 

voltage needs to be stable and with minimal ripple. This also makes an LDO an attractive choice as 

they have excellent noise rejection and low ripple (compared to an SMPS) ion their outputs. 

The L78L12ACD13TR from STMicoelectronics was chosen [11]. It is low cost and requires minimal 

external components, and thus minimal area on the board. According to the datasheet only two 

external capacitors are needed for stable operation, one 0.33uF on the input and one 0.1uF on the 

output. 

3.1.3 +12 to -12 Design 

 

Table 3.4. Basic requirements for the +12V to -12V converter design. 

Input Voltage [V] +12 

Output Voltage [V] -12 

Typical Output Current [mA] 10 

Operating Temperature Range [C] -20 to +70 

 

The requirements in Table 3.4 shows the small output current that could have made a linear 

regulator an attractive choice. The reverse polarity however necessitates a switch-mode converter. 

The TPS54062 control chip from TI was chosen to control the switch in the circuit [12]. This chip is 

especially well suited for light loads, as it emulates the diode internally, with MOSFET switches. 

Table 3.5: TPS54062 relevant performance parameters. 

Maximum difference between input and output voltage (V) 59.2 

Maximum Output Current(A) 0.05 

Maximum switching frequency (kHz) 400 

Operating Temperature Range [C -40 to 125 
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The performance parameters in Table 3.5 shows that the desired output current is possible, and the 

temperature range is sufficient. There is a 24V potential difference between the desired output and 

the desired input, which, in accordance with Table 3.5, is within the performance parameters.  

Compared to the IC that was used for the +24V to+ 3.3V application, the TPS54062 is a more modern 

chip. It switches at a higher frequency, which means that the inductor can be of a smaller size. The 

fact that the TPS54062 emulates the diode internally saves board space and cost, as an external 

diode is no longer necessary. 

The TPS54062 is primarily intended to be used in step-down application, however like most buck-

converters it is capable of operating in an inverting topology. The datasheet offers design guidance 

only for step-down conversion, TI has however released an application note (SLVA524) which aides in 

designing an inverting DC/DC circuit using the TPS54062. 

 Using the application note, the design process is straightforward, and calculating using the formulas 

provided in the application note, an inductor with about 1mH of inductance is needed. This is a 

rather high value of inductance, but the small currents enable the circuit to utilize a physically small 

inductor. The LPS4018-105MRB from Coilcraft was chosen [13], it has a small physical size and can 

handle the currents specific to this application. The drawback of the chosen inductor is its relatively 

high series resistance, 18Ohm. In this application however, the currents involved are small and the 

dissipated power will not be significant.  

The TPS54062 requires loop compensation in order to achieve stable operation. One resistor and two 

capacitors are needed, and the application note provides formulae to calculate the component 

values, using a simplified transfer function for inverting DC/DC topologies. 

As the -12V will be used in the communications interface between the HCC and the EV, it is crucial 

that the ripple on the output is minimized. In order to achieve this stability, a relatively large output 

capacitance was used in the form of four 4.7uF capacitors. 

 
Figure 3.2: Schematic of +12V to -12V DC/DC converter with TPS54062. 

In Figure 3.2 the finished design is shown. Note that C12 in the schematic is coupled to -12V, this 

means it needed a rather large tolerance, as it had a potential difference of +24V across its terminals. 
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3.2 ACDC IMPLEMENTATION 
The bulk of the thesis work consisted of designing the ACDC. The design goals for the ACDC was to 

convert 230V AC to 24V DC, while complying with the standard governing equipment for controlling 

EV charging.  

 

3.2.1 Requirements 

 

Table 3.6: Requirements for the AC/DC converter. 

Input AC-Voltage [V] 100-265 

Output DC-Voltage [V] +24 & +6 

Maximum output power 6W 

Operating Temperature Range [C] -20 to +70 

 

Table 3.6 shows the basic requirements for the AC/DC converter. The large input voltage range was 

in order to prepare the ACDC-converter for markets outside of Europe.  The output voltages were the 

+24V to be used as the main powerline for the PCB, as well as the +6V which was to be used for the 

isolated RS-485 communication. The RS-485 communication actually required a +5V isolated supply, 

the ACDC-converter was however design to output +6V, because flyback AC/DC-converters can have 

noisy secondary windings, as only the primary output is monitored by the control IC. The +6V was to 

be converted to +5V by an LDO, as LDOs have good input noise rejection. There were other 

requirements, such as isolation and clearance between the primary and secondary sides, these were 

treated as requirements on the transformer and are discussed further in the transformer design 

chapter. 

3.2.2 IC Selection 

A partial pre-study had already been made by ChargeStorm AB, where some common IC: s for 

controlling the switch had been compared. After this study, ChargeStorm recommended the 

TinySwitch-4 [14]. The TinySwitch-4 operates as a flyback topology AC/DC converter, and its main 

advantage is the design support provided by the company that makes the IC, Power integrations. 

Power integrations provides design support in the form of their software, PI Expert, which aids the 

engineer in all the steps of the design process. For this thesis work, the most important part of PI 

Experts functionality is the aid it provides in designing the transformer. Transformer design is rather 

complex and can involve a trial and error process, so having the software help to calculate the 

transformer parameters was seen as significant factor in helping the thesis project achieve a 

complete and functional AC/DC design within the time frame of a master-thesis project. 

Another major advantage with the Tinyswitch-4 is that it included an internal MOSFET for switching 

the AC/DC-converter, which eliminates MOSFET evaluation from the design process. 

With this background the TinySwitch-4 was selected as the IC that would control the switch of the 

flyback AC/DC. 
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3.2.3 Transformer Design. 

It was decided that the actual design of the transformer would be outsourced to professional 

transformer manufacturers. The PI expert software would be used to get some initial values, and a 

specification would be written and sent to the manufacturers, who would then send samples for 

evaluation.  In order to write a specification, the requirements of the transformer had to be 

specified. 

Table 3.7: Power requirements of the transformer. 

Winding Name Output Voltage [+V] Full load current [A] Full Load Power [W] 

SEC 24 0.2 4.8 

AUX 6 0.08 0.5 

BIAS 12V 0.001 0.01 

 

In Table 3.7 the three outputs of the transformer are defined. The +24V (Named SEC in Table5) was 

to be the main power line of the HCC. The +6V (Named AUX in Table5) was to power the RS-485 

communication, and the +12V (Named BIAS in Table5) was to power the TinysSwitch-4 control IC. 

Furthermore, the standards that govern EV charging equipment demand isolation between the 

primary (AC) side of the PCB and the secondary (DC) side. This isolation is achieved with the 

transformer. 

 
Figure 3.3: Isolation interface overview. 

Table 3.8: Isolation specifications for the transformer. 

Interface Insulation Isolation Voltage [VAC] 

For 1 Minute 
Creep distance [mm] Clearance 

[mm] 

A Reinforced 4000 8 7.1mm 

B Basic 2000 4 2.2mm 



 

19 

 

In Table 3.8 and Figure 3.3 the isolation required by the standard IEC 60664-1 is described as 

Interface A. As seen in Figure 3.3, interface A concerns the isolation between the primary and 

secondary sides of the transformer. This puts special demands on the physical dimensions of the 

transformer, as the demand on clearance means that the transformer primary and secondary side 

pins must be separated by at least 7.1mm. The isolation interface called B in Figure 3.3 & Table 3.8 

concerns the isolation between the RS-485 circuitry and the rest of the PCB secondary side PCB. This 

is not governed by any standards, so the 2kV isolation and 2.2mm clearance and 4mm creep distance 

was agreed upon with ChargeStorm AB. 

The PI expert software performs transformer calculations with simple input/output voltage and 

isolation demand data. The values extracted from the software were also included in the transformer 

specification, as guidelines for the designers working for the manufacturers. 

 

Table 3.9: Physical properties and requirements of the transformer. 

Core Type EEL16 

Core Material NC-2H(Nicera) or Equivalent 

Primary inductance, LP 2.4mH±10% 

Core cross section area, AE >=19.4mm2 

Primary leakage inductance, L_LKG <100μH ふTヴy to ﾏiﾐiﾏizeぶ 

Airgap, LG 0.12mm 

Over Voltage Category III 

Pollution degree 3 

 

Table 3.9 shows the results of these calculations. The over voltage category and pollution degree are 

requirements set by ChargeStorm AB, and are derived from the regulations in place in the 

environments were ChargeStorm AB’s product operate. 
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Figure 3.4: Physical layout of the transformer. 

Finally, the specification included a drawing, seen in Figure 3.4, which shows the intended physical 

layout of the transformer. Using the specification as a guideline, the manufacturers could design 

transformers using their expert knowledge and experience much quicker than if the entire design 

had been included in the thesis work. The Primary winding and the shield windings used to reduce 

EMI, together with the Bias winding used for powering the TinySwitch-4 are in the primary side of the 

transformer. The two output windings are on the secondary side, with the specified isolation and 

creepage/clearance distances to the primary side. 

3.2.4 Input Capacitor Selection 

The input capacitor in a flyback AC/DC converter has two primary functions. First, the input capacitor 

supplies the converter with power when the AC voltage is temporarily switched of. The charge that is 

stored in the capacitor can, for a short burst, supply the circuit. 

Secondly, the input capacitor helps mitigate the effect of the fast switching on and off of the MOSFET 

in the Tinysitch-4. The large currents involved in this switching means that the input cannot always 

keep up with the changes, causing the input voltage to drop. The capacitor reduces the effect of this, 

and any other anomalies on the input voltage. This is useful because these anomalies can propagate 

to the secondary side of the transformer and affect the PCB operation. 

These two functions are better served, the larger the capacitance of the capacitor is. However larger 

capacitance means larger physical size of the capacitor, so a compromise must be reached. The HCC 

was quite limited in terms of physical space, so a capacitance of around 10uF was seen as a good 

compromise. In order to improve the EMC performance of the AC/DC, the capacitance was decided 

to be split between two capacitors, with an inductor in between, in order to act as a filter. So the 

input capacitance was decided to consist of two 4.7uF capacitors. 

The capacitors needed to tolerate the peak voltage of the AC input voltage, and so needed a 

tolerance of at least 400V. 
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3.2.5 Snubber Design 

In a flyback ACDC converter, the transformer has an airgap in which a leakage inductance is induced. 

This leakage inductance will store energy as the switching current flows through it.  The leakage 

inductance is not coupled to the other windings which result in a large surge voltage across the 

MOSFET, as the power is not transferred. This surge voltage can be very large, and the internal 

MOSFET in the TinySwitch-4 is rated for voltages no higher than 725V. If the surge voltage goes 

higher than the rated voltage of the MOSFET, the MOSFET is likely to break. 

To deal with this, flyback designs incorporate a voltage snubber. For this design it was decided to use 

a TVS snubber. A TVS snubber has a somewhat higher cost than the alternatives, but it has the 

advantage of not drawing current in standby-mode (i.e. when there is no, or very little, load). The 

TVS snubber consists of a TVS diode and an ultra-fast recovery diode. 

A TVS diode, or a Transient-Voltage-Suppression diode, suppresses all voltages over its breakdown 

voltage by shunting it. TVS diodes react very rapidly to overvoltage, which is necessary in a flyback 

design, in order to protect the diode.  

An ultra-fast recovery diode, has a short reverse recovery time, which is crucial in fast switching 

applications.  

A rule of thumb in designing with MOSFETs is to limit the drain voltage to about 80% of the rated 

voltage. For this design, with the internal MOSFET of the Tinyswitch-4, that meant that the snubber 

should clamp the voltage at about 580V. The highest voltage seen the anode of the TVS diode is the 

peak AC input voltage, ca 373V. subtracting the highest voltage seen at the anode from the clamp 

voltage gives 207V. With this in mind a TVS diode with a breakdown voltage of 180V was chosen [15], 

which would keep the drain voltage on the MOSFET below dangerous levels. 

3.2.6 Output Stages Design 

The voltages on the secondary side of the transformer need to be rectified and smoothed out in 

order to be useful as DC power supplies. This requires a diode and a capacitor for each output. 

The diode needs to be either a Zener diode or a fast-recovery diode in order to reduce the switching 

losses. The diode would also see large reverse voltages, and a rating of about 200V for the +24V 

output and 100V for the +6V output was chosen in order to cope with this [16][17]. 

The capacitor will smooth the rectified voltage to a proper DC-voltage. It also improves the stability 

of the converter, by acting as an extra energy bank for when transients occur on the output. The ESR 

of the capacitor will have a large impact on the output ripple of the AC/DC-converter, and a capacitor 

with as low ESR as possible should be chosen, preferably in the mOhm range.  

Furthermore, the capacitor will see large ripple currents, and as such must be chosen to handle these 

currents. There are fortunately electrolytic capacitors manufactured for these precise conditions, 

with low ESR and high ripple current tolerance. Such a capacitor, with 56uF capacitance was chosen 

for the +24V output, and for the +6V output a 100uF capacitor was chosen. 

When the diode stops conducting current, the capacitance of the diode will cause ringing to occur. In 

order to dissipate this ringing as quickly as possible, an RC snubber is put in parallel with the diode. 

3.2.7 Powering the TinySwitch-4 

The TinySwitch-4 was to be powered by its own bias winding on the transformer. The TinySwitch-4 is 

capable of self-bias, but because using this would have resulted in a larger current being drawn by 

the IC during no-load operation, it was decided against that. 
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The TinySwitch-4 datasheet recommends a +12V DC as VCC, and this +12V would be generated by 

the bias winding on the transformer. The TinySwitch-4 uses an internal regulator to step the VCC 

down to +5.85V.  

As with the other output windings, a diode was used to rectify and a capacitor was used to smooth 

the voltage signal. The ringing that occurs when the diode stops conducting was present here as well, 

but as the Tinyswitch-4 is not very sensitive, and as the +12V is only used to power the Tinyswitch-4, 

the RC snubber was omitted. Instead a series resistor of 16kOhm was use to limit the current and to 

slightly mitigate the effect of the ringing. 

3.2.8 Configuring the TinsySwitch-4 

The TinysSwitch-4 allows for some configuration through its pins. Pin 2 is a multifunction pin which 

functions as VCC for the IC and it also sets the current limit of the IC with an external bypass 

capacitor. This is the pin where the +12V from the Bias winding of the transformer is connected, in 

order to power the IC (VCC). In this application the maximum current limit was needed, and 10uF 

bypass capacitor enables the maximum current limit and was thus used in this application. 

Pin 1 has two functions, firstly it controls the switching of the MOSFET. The secondary function of the 

pin is to act as an undervoltage lockout. Undervoltage lockout is detected through external resistors 

connected to the rectified input voltage. 

3.2.9 Feedback circuit 

In order to maintain the isolations between the primary and secondary sides, a transistor output 

optocoupler was used for feedback [18].  The anode of the diode-side of the optocoupler was 

coupled to the +24V output, the +6V output would have to rely on cross-regulation for its stability. 

The cathode of the diode was coupled to a +22V Zener diode [19], and a resistor network was placed 

between the Zener diode and the optocoupler diode to trim the currents. That meant that each time 

the ┗oltage aIヴoss the )eﾐeヴ ┘as higheヴ thaﾐ +22V ふThe さBZV55-C22ざ fヴoﾏ Nexperia), the 

optocoupler transistor would turn on and signal to the Tinyswitch-4 to turn of the MOSFET. When 

the voltage then dropped below the desired output voltage, the transistor would turn off and signal 

to the TinySwitch-4 to activate its MOSFET.  

3.2.10 EMI considerations 

EMI is always a problem in circuits with switching elements. For this application, the design 

contained some countermeasures to suppress EMI problems. 

The output snubbers, RC elements in parallel with the diode, reduce EMI by suppressing the voltage 

spikes and ringing. 

A Y-capacitor was placed between the ground on the primary side and the ground on the secondary 

side. This capacitor suppresses noise generated on the secondary side by the switching. 

The design contained a filter on the input, but no real filters on the output. This could be added in 

the future if EMI becomes a problem. The simplest way to design such a filter is simply a series 

inductor on the positive output. This can be further expanded into PI or T filters. 
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3.2.11 Schematic  

 
Figure 3.5: The finished schematic of the AC/DC converter. 

The schematic of the AC/DC is shown in Figure 3.5, apart from the components in the figure a 

varistor would be added across the input lines, and a fuse in series with the positive input line for 

safety reasons. 

3.2.12 Layout Considerations 

The TinySwitch-4 datasheet has some recommendations regarding the layout of the design, and 

many of these are universal for flyback AC/DC-converter design. Firstly, it is recommended to use a 

single point for grounding on the primary side. This limits ground loops that can occur when more 

than one path to ground exists.  

The loop area that connects the input capacitors, the transformer and the Tinsyswitch-4 should be 

kept as small as possible, as the switching can cause this loop to be noisy. The same thinking applies 

to the Snubber-circuit on the drain of the MOSFET. The loop from the clamp to the transformer 

should be as small as possible. 

There are four pins on the TinySwitch-4 that are connected to the source of the internal MOSFET, 

and the lead frame of the IC. These pins should be thermally coupled to a copper plane underneath 

the IC, in order to dissipate heat. This copper plane will double as heatsink and primary side ground 

plane. 

At the outputs, care should be taken to minimize the loop area between the transformer, the diode 

and the capacitor. The terminals of the diodes should also be connected to a copper plane in order to 

dissipate heat. 
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4 RESULTS 

This chapter contains a presentations and analysis of the results of the thesis work. 

4.1 RESULTS 

 
Figure 4.1: The +24V to +3.3V DC/DC layout (right) and implemented on a PCB (left). 

The converter was implemented on a test PCB, as seen in Figure 4.1, for preliminary evaluation. The 

+24V to +3.3V regulator was tested and could deliver the desired current whilst remaining stable. 

The measured ripple was about 100mV peak-to-peak, which was deemed acceptable. When the 

converter is implemented on the HCC, this ripple could be further reduced by adding more 

capacitance on the output. If additional capacitance would not reduce the ripple enough an inductor 

could also be added to filter the output further.  

The LDO that would drop the +24V to +12V was not implemented on a PCB, as no real evaluation is 

ﾐeIessaヴy ┘heﾐ usiﾐg LDO’s. It ┘as iﾐstead siﾏulated ┘ith a Heﾐch-AC/DC converter with adjustable 

output. 

j 

Figure 4.2: The +12V to -12V DC/DC layout (right) and implemented on a PCB (left). 

The +12V to -12V inverter was also implemented on a test PCB, as seen in Figure 4.2. It was then 

tested with the maximum specified load, and performed well, with only a small ripple of ca 30mV 

peak to peak.   

The LDO that would drop the +24V to +12V was not implemented on a PCB, as no real evaluation is 

ﾐeIessaヴy ┘heﾐ usiﾐg LDO’s. It ┘as iﾐstead siﾏulated with a bench-AC/DC converter with adjustable 

output. 
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Figure 4.3: The AC/DC converter layout (right) and implemented on a PCB (left). 

The AC/DC converter implementation can be seen in Figure 4.3. It was tested with maximum load on 

both outputs and performed well, albeit with slightly to high ripple on the +24V output. This ripple 

should be lowered when the converter is implemented on the HCC. The simplest way to reduce the 

ripple is to add more capacitance and a series inductor on the output. A ferrite could also be used in 

place of the inductor to reduce the ripple.  

The +6V output showed a tendency to rise above the desired +6V when the +24V was under light 

load condition. This is inherent to flyback-topology AC/DC converters, and in this application this is 

not a problem. Firstly, because the +6V output was to be dropped to +5V with an LDO, which means 

that the LDO will filter away the rising voltage. Secondly because the +24V will never be under light 

load conditions, as it powers the entire PCB, and the PCB has no sleep or standby functionality. 
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5 CONCLUDING DISCUSSION AND FUTURE WORK 

At the end of this thesis work the individual parts of a PDN foヴ Chaヴge“toヴﾏ AB’s HCC had Heeﾐ 
designed and implemented on PCB’s.   

After theoretical study the process of designing the DC/DC converters and the AC/DC converter 

began. The AC/DC converter was given highest priority as it had a more complex design process. 

When an initial AC/DC converter design had been produced, the work of acquiring an appropriate 

transformer began. This process of acquiring a transformer turned out to take up a lot of time, as 

several companies were asked to provide transformer samples based on the specification written in 

the thesis work. Each of these companies sent several samples that had to be evaluated and none of 

the transformer samples lived up to specification on the first sample-run. The same process had to 

be repeated when the second batch of samples arrived, which proved time consuming. The second 

batch transformer were mostly in compliance however and could be used to construct a working 

prototype of the AC/DC converter on a PCB.  

Parallel to the AC/DC converter work, the design of the DC/DC converters was progressing in a more 

linear fashion, as no there was no waiting time from third parties. The DC/DC converters were also 

constructed as prototypes on a PCB for evaluations 

Each one of the converters, both DC/DC and AC/DC were tested and proved functional at the 

specified nominal loads. There was however no time to implement them on the HCC for final testing, 

and as such the converters have some evaluation left to do.  

One of the most important characteristics for voltage converters, that there was not enough time to 

evaluate were their transient responses. Transients are rapid changes in either the input voltage or 

the output load, a good converter needs to be able to handle input transients without propagating 

the transient to the output. Similarly, a load transient must not cause the converter to become 

unstable. If there had been time, this would have been tested organically by implementing the 

converters on the HCC, as the HCC has loads on all voltage levels with transient behavior.  

Another characteristic that needs to be investigated for all the converters are their performance 

under various temperatures. Though all components have been chosen to tolerate the entire 

operating range, evaluation is still recommended. That is because components such as capacitors 

and inductor experience changes in capacitance and inductance as temperature changes. This can 

cause increased ripple or in the worst case, instability, for voltage converters. 

As Chaヴge“toヴﾏ AB’s pヴoduIts need to be CE certified, the converters need to fulfill the various 

demands set by the CE standard. To ensure this the HCC, with the converters implemented, should 

be taken to an EMC lab. If any EMI spikes are noted in the frequencies the converters operate in, 

redesign may be necessary (or if EMI is noted in any of the converters harmonics). 

In the end the thesis work proved to ChargeStorm AB that they can replace their current PDN, which 

consists of expensive and difficult to source third part components, with a custom designed PDN. 

Especially interesting is the AC/DC converter, which shows that a flyback converter can be designed 

which fulfills the standards governing EV charging, and cost significantly less while still fitting in the 

limited space available on the HCC.  And as the AC/DC secondary output functioned well, this also 

eliminates the expensive isolated DC/DC solution ChargeStorm currently uses to achieve isolated RS-

485 communications. Even though some evaluation remains the PDN designed during this thesis 

work is ready to be implemented on the HCC, which was the goal of the thesis work. 
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