Constructing DC/DC converters for high power levels and high efficiency demands high frequency operation. This in turn means higher current levels switched in a high speed.
The noise is an unwanted effect that increases power losses mainly due to its disturbance on the surrounding areas.
One method of operating around 1 MHz region is to build up a novel resonant converter
One method of operating around 1 MHz region is to build up a novel resonant converter. This type of converter introduces soft-switching, which is imperative at high frequencies [1]. The proposed solution introduces two additional switches, which however complicates the switching compared to a general push-pull based topology using only two switches.
Even though the benefits over a linear power supply are significant, there is one major downside: noise! These noises are caused by high switching speeds. Higher frequencies also increase switching losses and the transformer core losses.
The ones focused on in this paper are doubled ended push-pull topologies, which mean that the flux swing in the transformer primarily is bi-directional。
This allows more power handling compared to single ended ones, which use a uni-directional core excitation where only the positive first quadrant is used
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When transistor M1 is turned on the input voltage is forced on the upper primary winding. On the secondary side a negative voltage will appear on the lower winding turning on the bottom diode. The opposite occurs when transistor M2 is turned on [6].
An important factor to consider when constructing a push-pull is that the switching transistors have to handle a voltage twice the input voltage. Therefore a Push-Pull converter is suitable for low input voltage applications.
The frequency on the secondary side voltage pulses twice the switching frequency of the transistors [7].
A disadvantage of Push-Pull converters is that a good matching of the switching transistors is required, this to prevent saturation of the transformer core. There are also two primary windings and two secondary windings, which makes the winding by hand more difficult.
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2.2.2 Half-Bridge
the Half-Bridge converter does not have a center tap on the primary side. The input capacitors split the input voltage equally so that the primary only faces half the input voltage when either transistor is turned on [8].
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2.2.3 Full-Bridge
Due to the high cost and complexity, the full-bridge topology is often used

in very high power applications where AC line is used to power the application [9].
The output is a full wave bridge configuration with approximately half the number of secondary turns.
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A diode can be considered as an ideal component at turn-on because it turns on more rapidly than the transients in the power circuit
At turn-off the current instead reverses for a time trr before it falls to zero. This phenomenon occurs because excessive carriers have to be swept out and block a negative voltage.
Schottky diodes – When a low voltage drop is required, suitable for converters

with a low output voltage
Fast recovery diodes – Suitable for high frequency applications where small trr

is needed
Line frequency diodes – When a very low on-state voltage is required, the

disadvantage is that trr is large compared to the other two types The switching times for a MOSFET device is very short,between a few tens of nanoseconds to a few hundred[13], therefore it is suitable for very high frequency applications up to 1 MHz region compared to other semiconductors such as GTO, IGBT and MCT. These can instead handle higher currents but has the

disadvantage of not being able to operate in several hundreds of kilohertz.
The turn-on time is simply determined by the speed of which the drive circuit can charge the gate.
The average current that has to be supplied is:
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For repetitive switching the average current requirement is:
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Turn-on losses occur simply during the initial phase when the current flows in the MOSFET. The VDS is also active during the phase.To minimize the loss the turn-on time is required to be as small as possible. Therefore the drive circuit must be able to supply the initial peak current of following magnitude:
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Another problem associated with MOSFET’s switched at high speed is the rate of changes in voltage and current. High dv/dt can cause coupling through parasitic capacitances, which can give rise to noise on signal lines. Even high dI/dt can react to trace inductances, which causes unwanted transients and overshoot voltages in the circuit.
In comparison to the turn-on sequence the turn-off procedure is nearly an inverse process. The main difference is that the current charging Cgd must flow through both the load impedance and the gate impedance. For that reason high load impedance will slow down the turn-off speed.
As a conclusion the speed of a power MOSFET is determined by how fast the

internal capacitances can be charged and discharged by the drive circuit；
Losses
Power losses in a MOSFET can be divided into four main groups [17]:

Conduction losses – The conduction losses is given by equation 6:
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Switching losses – Switching losses can be neglected at low frequencies but are dominant at high frequencies. As the MOSFET turns off much slower than it turns on the main switching loss occurs during the turn-off state.The losses can be reduced by using snubber components connected between source and drain. This has the effect of reducing the rate of rise of voltage. Even turn-on losses can be reduced by connecting inductors in series with the MOSFET.

Diode losses – This loss occurs when an anti-parallel diode inherent in the MOSFET structure is used. The size of the dissipation can be calculated by multiplying the forward voltage drop and the average current carried by the diode.

Gate losses – Losses in the gate are given in equation 7:
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where RG is the internal resistance, RDR the external gate drive resistance, VGSD is the gate drive voltage and QG is the peak gate charge
Therefore the transformer has become the limiter of using higher frequencies and thereby a limit in reducing converter size.
There are two types of ferrites: Soft ferrites and hard ferrites. Soft ferrites contain zink, nickel or manganese compounds and have low coercivity. The most common combinations are MnZn and NiZn. MnZn main features are high permeability (μi) and high BS. NiZn instead characterize of higher resistivity (lower losses) and are suitable for high frequency applications over 1MHz.
In general, ferrites are characterized by their high permeability (100-10000), low losses and high frequency handling. A major disadvantage is though a low BS, which means that the transformer can saturate easier. One solution for this problem is to use a ferrite core with an air gap [18].
Ferrites consist of tiny particles. Each particle shows its own magnetic behavior.Without any magnetization the particles are directed in different directions. If a magnetic field is present the particles will start to direct in the same direction as the field. This will increase the magnetic field density until all the particles are directed in the same direction. When this happens the core is saturated and the permeability is 1, the same as if there would not be any core present. When the magnetic field is reduced the magnetic flux density will not reduce linearly and become zero. It will instead cross the magnetic field density axis at a point Br [19]. If the magnetic field strength continues becoming more negative the core will eventually get saturated once again. If the magnetic field is reversed once again the field strength will again

be zero with an added magnetic field, this is called magnetic coercivity. If the field strength continues getting more positive the core will once again get saturated. The loop that is created is called a hysteresis curve (see fig. 7).
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The size of the area determines the size of the losses. For low losses the area should as small as possible.
Designing a good PCB layout requires good knowledge of effects such as coupling of signals through parasitic capacitances and radio transmission.
1. Minimize lengths and areas of loops, which contain currents switched at high frequency.

2. Capacitors that bypass the supply voltage and reference pins to all ICs should be placed close to these pins.

3. Try to draw a symmetrical layout as possible.

4. The width of the traces should be based on the rated current and acceptable

temperature rise.

5. Include a ground plane on both sides of the PCB to reduce noise, ground loop errors and absorbing more of the EMI radiated by the output inductor.
The LM5030 from National Semiconductor is chosen for the PWM controller. It

includes all necessary features to implement a push-pull based converter：
Two alternating 1.5A gate drivers are included. It also includes a high-voltage start-up regulator, which handles an input range of 14V up to 100V. Oscillator frequency up to 1MHz is adjustable with a single external resistor. The frequency is calculated by using equation 8.
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Unfortunately there are not any Shottky diodes on the market with a high reverse voltage rating and a low voltage drop. Therefore a fast recovery diode that fulfils the other requirements is chosen:
4.5.1 Bobbin
An ETD type of bobbin is used to construct the transformer. The size is ETD59,which is the biggest possible for an ETD type (see table 2).
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The two primary windings are winded over the secondary windings using copper foil with a width of 30 mm because wider foil was not available for the time being. The desired turn ratio is 10, which means that the primary windings need to be 7 turns.Both primaries are winded parallel at the same time.
Industries still prefer to construct converters that operate at lower frequencies,which in turn lead to bigger converters and more use of ferrite materials suitable for lower frequencies；The highest frequency ferrite that is kept in stock today by Ferroxcube is 3F3, which is optimized for frequencies from 200 kHz up to 700 kHz.
Because the secondary effective side ripple is twice the input frequency this allows to keep the inductor dimensions small. An ETD49 is used for the bobbin and a 3F3 ferrite core having an air gap of 0.5mm/core to construct the inductor. The air gap minimizes the risk of getting the inductor saturated and therefore acting as a resistor. The value of AL using a total gap width of 1 mm is 260 nH/n2；
The primary side of the transformer is the crucial part due to high current levels switched fast, therefore designing the PCB layout the main focus is laid on the primary side.
The switches are located as near as possible the primary windings to reduce the length of the traces between the drain pins and primary windings and hence minimizing trace inductances. Also the traces from the source pins to the current sensing resistor are kept short.
Placing the input capacitors correctly is also essential. When the converter switches it draws current pulses from the input source, thereby the size of the source impedance is important. Even a small amount of inductance can cause spiking on the voltage at the input of the converter. Therefore placing two capacitors, one faster and one slower, near the switching converter input is preferable
LM5030the typical dead time is about 135 nS One factor that could affect the rise time for the simulation model is the output capacitor, which has a value of 1 uF during simulations.
No more tests are able to be carried out for the prototype because the current sense signal activates the soft-start mechanism in the controller. To investigate the cause for this, several attempts are made. One is to increase the frequency to 500 kHz.This resulted in the same behavior. Another attempt to solve the issue is made by changing the resistance of the current sense resistor. A higher value results in a burned resistor because the power gets too high. A lower valued resistor does in turn not burn up, but the circuit does not deliver more power.
A final attempt is made by separating the controller part from the board. Therefore two new PCB boards are milled (see appendix 7, 8 & 9). This results in a functional circuit for lower power levels, but is not enough to obtain a fully functional converter delivering 2 kW.
Decreasing the value of the current sense resistor has a huge effect on the overall efficiency of the converter.
The prototype is not able to deliver the required power. The main reason for this a bad layout that causes the current sense control pin to activate. Separating the control part from the rest of the PCB is tested and also supplying it from its own power source. This correction allows using the entire controller and voltage levels up to 400 V, but not handling higher power levels
8. Future work
Instead of using a Push-pull topology a half bridge topology can be examined.This allows using lower rated MOSFET’s, which are easier to find with higher current ratings.
