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Abstract

:

Gallium Nitride (GaN)-based devices offer many advantages over conventional electronic devices, such as lower input/output capacitances, a higher switching speed, and a compact size, resulting in higher-density power outputs and reduced switching losses. This research investigates the power and switching efficiency of GaN-based FET in an active-clamp, DC-to-DC flyback converter for step-down application (24 V to 7 V) and compares it with silicon (Si)- based devices in the same circuit topology. The operation is analyzed under various input conditions and output loads such as R, RC, RL, and RLC. The proposed topology can achieve a maximum power-conversion efficiency of 99.6% and can operate at higher frequency values above 1 MHz. The presented GaN-based flyback model can replace conventional Si-based switches in power applications which require high power-efficiency and switching speed in a compact device.
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1. Introduction


Despite the advancements made in power electronic devices over the last two decades, conventional Si-based devices have reached their limits in terms of power efficiency, switching speed, and size. Insulated gate-based transistors (IGBTs) offered larger breakdown voltages and specific on-resistance [1], but they could not fulfill the requirement of modern, high-voltage applications. Recently, the focus of the research has been the discovery of new materials to improve the performance of power devices and make them more cost-effective, as compared to the existing, high-voltage, Si-based devices [2]. High performance and up-to-the-figure-of-merit-based gallium-arsenide (GaAs) power devices were developed in the 1980s to cope with the requirement of modern electronics, but they could not sustain the changing industry for long [3,4]. As technology moves towards miniaturization and the demand for power efficiency is on the rise, the effectiveness of any device will be judged on several merits, including threshold voltage, bandgap, stability of operation in harsh environments, immunity to high-voltage pulses and transient currents, low on-state resistance, and limited leakage currents [5]. Recently, nitride-based devices have drawn more attention for high power applications since the conventional Si-based devices cannot fulfill the requirement of modern power devices. The main nitride materials in group III include gallium nitride (GaN), aluminum nitride (AlN), and indium nitride (InN). These nitride materials can be used in high-temperature applications due to their improved material properties, such as high electron mobility, sheet concentration, and larger breakdown area. Among nitrides, GaN has emerged as a promising candidate for semiconductor power devices with its material properties of a wide bandgap [6] and a larger breakdown voltage capacity. The interest in GaN grew in the late 1990s due to the introduction of a vast variety of applications in power-switching [7]. The GaN crystal is organized in a Wurtzite structure [8], having a hexagonal unit cell lacking inversion symmetry and enabling the material to acquire a very strong polarization effect. Additionally, GaN also offers material properties such as low on-resistance, lower switching losses, no body diode effect, low capacitance, low power consumption, and the ultimately small size of the device, resulting in lower fabrication costs. Table 1 lists the material properties of crucial semiconductor materials being used in power electronics. It can be seen that the bandgap energy for GaN (3.45 eV) is three times greater than that of Si (1.1 eV), making it a promising candidate for high-temperature operations. Moreover, the performance of the materials mentioned in Table 1 is compared in terms of Baliga’s Figure of Merit (BFOM), which predicts the power losses of the devices at high-frequency operation, stating that semiconductors with greater mobility and breakdown electric fields result in reduced power losses [9].



Among power convertor topologies, flyback is one of the most commonly used topologies. It is essentially a buck–boost topology that is isolated by a transformer as the storage inductor. Moreover, the transformer not only provides isolation, but also, by varying the turn-ratio, the input and output voltages can be regulated. Flyback topologies are well-suited for high-output voltages with high peak currents.



An experimental comparison between a commercially available enhancement-mode GaN FET and two Si-based MOSFETs is presented in [10], discussing the power densities, switching speeds, temperature stabilities, on-state resistance, conduction and switching losses, and the reduction in the die size with the introduction of GaN. The use of GaN in power electronics is reported in [11], relating the impact ionization coefficients for holes and electrons, along with a comparison of the breakdown electric field with that of Si and silicon carbide (SiC). A study on the properties and advantages of GaN, along with the characteristics and reliability of GaN-based transistors in next-generation power converters, is discussed in [12,13]. The basic structure of AlGaN/GaN high electron mobility transfer (HEMT), along with a comparison of its properties with other technologies, is presented in [14]. R. Chua et al. claims that the GaN-based power switches promise a 1000-times improvement over the current Si technology. Furthermore, a study in [15] reports that GaN-based, vertical device structures have the potential to substantially improve chip-area utilization, resulting in power switches with a much higher current rating and lower on-resistance. A review of power management solutions using linear charge pump topologies for upcoming technological challenges, such as IoT nodes, is reported in [16]. A comparative study of behavioral model for charge pumps operating in a wide-range of frequencies has been presented in [17]. D. Reusch et al. [18] investigates the switching operation of GaN devices at a high frequency of 1.2 MHz in soft-switching applications. In [19], the reasons for the current drops and zero voltage switching (ZVS) loss in an active-clamp flyback convertor is explained at 1 MHz switching frequency. The comparison of two high-efficiency, high-power-density designs of chargers in a quasi-resonant flyback and an active-clamp flyback topology is presented in [20]. While considering efficiency, [21] employs the use of a high switching-frequency to achieve a high-power-density of 177 W/inch3 and a maximum efficiency of up to 96.4%. The power-conversion efficiency of three different cascode GaN HEMT E-mode power modules in a DC-to-DC flyback converter topology is investigated in [22]. Considering line commutated converter (LLC) circuits, [23] reports an efficiency of 97.5% achieved when using GaN, in comparison with Si-based converters offering an efficiency in the range of 96.1%. A comprehensive review on LLC resonant converters using GaN HEMT switches instead of Si MOSFETs is presented in [24], whereas [25] investigates switching efficiency for dual-active-bridge converter prototypes with Si and GaN devices at 1 MHz, reporting an efficiency of 93%.



This research presents a comparative analysis of a GaNand Si-based MOSFETs for power and switching efficiency in an active clamp DC-to-DC flyback converter. The utilized flyback converter is widely used for PWM operations, considering its efficiency and simple design. The efficiencies are investigated in high frequency-switching up to 1 MHz and step-down operations. The operation of the topology is analyzed under different input conditions, as well as different types of resistive–inductive–capacitive (RLC) loads. Different features of the flyback converter, such as switching speed, switching efficiency, on-state resistance, and power consumption, are part of the discussion. The proposed work emphasizes the use of GaN-based devices for compact power-switching converters. The main concerns in the emerging power-converter circuits, such as high-power-density and efficiency improvements, are discussed.




2. Methodology


To calculate the power efficiency and losses in GaN-based FET in DC-to-DC converters, an active-clamp flyback-converter circuit topology (shown in Figure 1) was designed and simulated in LTspice software. A flyback is a simple DC-to-DC or AC-to-DC converter which consists of a transformer that stores the energy when the current is passing through the circuit and releases it when the power is removed. A flyback topology was chosen, keeping in mind its characteristics, to be used for both step-up and step-down operations. Besides that, it is extremely favorable for both isolating and non-isolating applications. Current handling capability at the secondary side of the circuit is also a major focus in this topology with varying input voltage. The presence of a transformer in the chosen topology provides complete isolation between the input and the output. Here, MOSFET functions as an ON/OFF switch in the circuitry which can magnetize and demagnetize the transformer. Two different models of MOSFET, i.e., pure Si (IXTK 200N10P) and GaN (EPC2001) [25], are used as switching devices in the circuit. Moreover, different rectifiers and filters are used at the output stage. In the final stage, the results of the flyback converter with both of the above-mentioned MOSFET switches are compared in regard to the power and switching efficiency of the circuits. The sizes of the switching devices and the switching speeds are also part of the discussion. The utilized topology with GaN FET, its efficiency calculation, and losses are briefly discussed in the upcoming sections.



2.1. DC-to-DC Flyback Converter


The flyback converter produces a regulated output with control over the magnitude of the input voltage. The flyback converter also allows the possibility of using pulse width modulation (PWM) in a continuous mode of operation, as shown in Figure 2. It also allows the usage of feedback loops to maintain good control over the output voltage, even if the input current and voltage are changing. Figure 2a shows the circuit topology with a GaN-based FET as a switching device. Moreover, a PWM input to the circuit, a DC input to the transformer, a rectifier, and a filter before the DC output are shown. The internal structure of the FET with a layer of GaN and an isolation layer is shown in Figure 2b. The performance characteristics of the flyback converter include ripple voltage, efficiency, frequency, size of the device, and weight.



A schematic view of the simulated circuit, with an indication of input voltage source (V1), switching transistor (M1), PWM generator (V2), transformer, capacitors (C1 and C2), diodes (D1 and D2), and the load at the out, is shown in Figure 3. The current in the isolated transformer cannot flow simultaneously in both the windings. When the transistor (M1) conducts, the diode (D1) is reverse biased; thus, the primary winding acts as an inductor connected to the input source, resulting in energy storage in the flyback transformer. When the transistor (M1) turns off, the current stops flowing in the primary coil of the transformer; however, at the same time, magnetizing current flows in the secondary winding, forward biasing the diode (D1). Hence, the stored energy in the magnetic field of the transformer is transferred to the load. A 24 V DC voltage source is used at the input, and the circuit steps down the voltage to 7 Vs at the output. The GaN-based MOSFET (M1) performs the primary role in the circuit, where the gate signal is being controlled by PWM. The square wave generated by the PWM generator (V2) maintains a fixed frequency, regardless of the power transferred to the load. The sharp rising pulse saturates M1, bringing the collector voltage of the transistor to almost ground. After the MOSFET switches ON, the primary side (L1) of the transformer stores the energy, and the capacitor acts as an open circuit, resulting in no current flow across it. The value of the current linearly increases in the coil for a time period (t) due to the magnetizing inductance. At the same time, the diode (D2) at the output opposes the current flow at the load. The voltage at the load (   V  L o a d    ) current through the capacitor (C1) and gate current of (M1) are expressed as:


   V  L o a d   = V 1  










   I  C 1   = −    V L   R   










   I  g a t e   M 1   = I  











Here, VL is voltage across load and R represents the load resistance.



When the MOSFET is switched OFF, the polarity of the transformer primary reverses, causing the flow of stored energy at the primary coil to the secondary, and ultimately to the load. As the current decreases in the primary coil, a voltage is induced in the secondary coil in the correct direction for the current to flow. This flyback effect increases the collector voltage to a greater value than the input supply voltage. The current can flow in either the primary or the secondary coil, but not simultaneously in both the coils. When the switch (M1) is off, the polarity of the inductor reverses, and the current flows through the diode (D2), charging the capacitor in a transient state. The    V  L o a d     and    I  C 1     are given by:


   V  L o a d   =  V n   










   I  C 1   =  I n  −  V R   








where n represents the number of turns of the transformer.




2.2. Efficiency


The power efficiency η of the circuit is given as a ratio of the output power    P  o u t     to the input power    P  i n    . where the input power is represented as the sum of (   V  o u t   ×  I  o u t   + P o w e r   l o s s e s )   and the output power as (   V  o u t   ×  I  o u t   )  :


  η =  (     P  o u t      P  i n      )  × 100  










  η =    V  o u t    *     I  o u t      V  i n      *     I  i n     × 100  










  η  =    V  o u t   ×  I  o u t      V  o u t    *     I  o u t   + P o w e r   l o s s e s     



(1)




where the total power losses in the circuit include conduction losses, switching losses, and leakage inductance losses.




2.3. Losses


The transformer leakage inductance losses are related to the leakage inductance that exists between the primary and the secondary coil. The amount of the energy stored by the inductor coil is given by


   P e  =  1 2   L  e      I 2    p   f  S W    








where fsw is the switching frequency,    L  e       is the value of inductor, and    I  p       is the current in the primary coil. The total losses of the windings of the transformer can be given as:


   P  1 w   =  I 2     1 D C    R  1 D C   +  I 2     1 A C    R  1 A C    










   P  2 w   =  I 2     2 D C    R  2 D C   +  I 2     2 A C    R  2 A C    










   P w  =  P  1 w   +  P  2 w    



(2)




where    I 2     1 D C    R  1 D C     represents the dissipated DC power, and    I 2     1 A C    R  1 A C     shows the dissipated AC power through the transformer.



Diode conduction losses are caused by the semiconductor’s forward voltage and are I2R losses. MOSFET switching losses are directly related to its operating frequency.



2.3.1. MOSFET Conduction Losses


The power dissipation when the transistor is ON is calculated by


   P  c o n   =  1 T      ∫  0  T o n    i 2   ( t )   R  D s o n      ( t )  .   d t  










  T =  1   F  S W      








where    P  c o n     is the conduction losses, and RDS(ON) is the resistance of the MOSFET when it is switched ON, which is temperature-dependent, whereas I is the current passing through the MOSFET, and   T o n   shows the ON time.




2.3.2. MOSFET Switching Losses


MOSFET switching losses can be calculated in both ON and OFF states and are mathematically expressed by    P  S W    (  O N  )      and    P  S W    (  O F F  )      as shown below:


   P  S W    (  O N  )    =  f  S W       ∫  0   T  O N      i d   ( t )   V  d s      ( t )  .   d t  










   P  S W    (  O N  )    =  f  S W    [     V  d s      (  m a x  )   I d     (  m a x  )   t  O N    6   ]   











Here,    V  d s       is the maximum drain-to-source voltage across the transistor, and    I d    shows the maximum drain current.



Similarly, when the transistor is OFF, the    P  S W    (  O F F  )      can be expressed as:


   P  S W    (  O F F  )    =  f  S W    [     V  d s      (  m a x  )   I d     (  m a x  )   t  O F F    6   ]   











Hence, the total loss can be calculated by combining the above two expressions for    P  S W    (  O N  )      and    P  S W    (  O f f  )     , which is given as:


   P  S W    (  t o t a l  )    =    V  d s      (  m a x  )   I d     (  m a x  )     (   t  O N   +  t  O F F    )   f  S W    6   



(3)







The gate charge losses are produced by charging up the gate and then the drainage of the total charge to the ground (QG) at every cycle. The gate charge losses are directly proportional to the frequency:


  E g = Q G ×  V  d s   ×  f  S W    



(4)










3. Results and Discussion


The performance of the flyback converter topology is tested for both GaN- and Si-based MOSFET switches, and a comparative analysis is presented. The efficiency of the topology is calculated by adding different types of loads, i.e., resistance, inductive, capacitive, and RLC at the output. The utilized step-down transformer takes 24 V input, and the output is almost two-times less than the input voltage. A PWM signal with period of 1 µs, with a rise and fall time of 0.01 ns, Von of 5 V, and ON time of 0.25 µs, is used as an input for the gate of a GaN FET. The comparative analysis between a Si-based MOSFET switch and a GaN FET switch is performed for different circuit-load configurations, which are discussed in the following sections.



3.1. Open Circuit Configuration


In the first step, an open-circuit configuration is simulated with the load disconnected, as shown in Figure 4. The no-load output responses of the above-discussed circuit for switching devices such as GaN FETs and Si MOSFETs are shown in Figure 5 and Figure 6, respectively. The results show voltage responses when the current changes in the primary coil, and due to mutual induction, a current flow occurs in the secondary coil. With no load condition, the capacitor (C1) placed in parallel to the output continues charging, and the time it requires to reach a steady state depends on the value of the capacitor. As the voltage continues rising at the input of the capacitor, the capacitor continues charging. The numerically calculated curves show a continuous rise in the voltage of the capacitor during charging; however, practically, the capacitor has a limited capacity. The output voltage can be calculated at the steady-state value of the voltage curve, where a step-down process can be seen. Moreover, the open-circuit response of the Si MOSFET in Figure 6 depicts the no-response behavior of the Si MOSFET at the given frequency.




3.2. Resistive Load Configuration


The circuit configuration with a resistive load of 10 KΩ is shown in Figure 7. The output waveform for a GaN-based switch in Figure 8 shows the effect of resistive load at the output, where the current passing through the primary winding of the transformer is varying the voltage on the secondary side due to mutual induction. This change in voltage is thus passed on directly to the output resistor passing through the diode (D1), which can only resist for a specific time by increasing to the maximum voltage of 8 V and then dropping to the negative minimum value. As the output loop is grounded, the voltage thus continues swinging between the peak values during the switching process and cannot sustain a constant level. Both current and voltage are in phase in this configuration. In comparison to a GaN switch, the voltage response of a Si MOSFET with a resistive load is depicted in Figure 9, where the peak values are restricted between values of around −65 mV and 85 mVs, and the switching frequency cannot be properly followed at the output.



In the circuit configuration shown in Figure 10, the value of load resistor (R1) is reduced from 10 KΩ to 5 Ω to check the frequency response of the circuit. This reduction in the value of the load resistor happens to ensure that the maximum current flows through the load. The mutual induction causes the variation of current on the secondary side, producing a voltage at the output which appears at the load (R1) by ensuring maximum current through it. The waveform in Figure 11a shows that the voltage increases due to the charging of the output capacitor, and it appears in the form of a transient spike of 11 V. At this point, the capacitor charges fully, and the resistor connected in parallel with the capacitor (C1) maintains the output voltage constant at 7 V. The initial transient peak of 11 V and a steady-state of 7 V is achieved due to the nature of the output load.



The output waveform in Figure 11b shows the value of both the current and the voltage simultaneously. The output efficiency is calculated by measuring the input/output voltage and the current, as shown in Equation 1. The output voltage is measured to be 7.2 V, and the output current is 1.4 A. By equating the values of the input and the output in the equation, the efficiency of the flyback converter is calculated to be 99.6%. The power of the converter can also be calculated with the resultant voltage and current values. In keeping with the comparative study, the output voltage response of the converter is also measured for a Si-based switch, as depicted in Figure 12. It can be observed that the Si-based switch is unable to follow the frequency and hence limits the output to a few mV, which limits the circuit to an almost no-response, as compared to a GaN switch.




3.3. Inductive Load Configuration


Figure 13 shows the flyback converter topology with an inductive load (L3) of 100 µH and a capacitor (C1) connected in parallel. The values of the components are chosen to achieve a maximum output and asper convention, the value of output capacitor (C1) is kept high to reduce the ripple effect at the output. Output waveforms for current and voltage are plotted together in Figure 14. A parallel combination of capacitor and inductor makes an LC tank filter, and the output efficiency can be calculated accordingly. As soon as the voltage across the inductor reaches zero, the current starts increasing, which indicates the fact that the variation in the current is inside the inductor, which keeps it charging. The output waveform shows a gradual increase in current from 0 to 24 A. It is important to mention here that the simulation results show a continuous increase in the value of the current, which is not practically possible due to the physical limitations of the components. On the other hand, the voltage shows a transient spike of 0.8 V as the capacitor charges, but it fails to sustain its value, and after some time, it drops to a steady-state value around 360 mV. As a comparative study, the response of the circuit for the LC load and a Si MOSFET switch is shown in Figure 15. The small positive and negative voltage peaks show that the Si switch is not capable of providing the desired output at the given frequency.




3.4. RLC Load Configuration


The circuit topology with an RLC load is shown in Figure 16 with L3 of 100 µH, R1 with 5 Ω, and C1 of 200 µF. The output waveform in Figure 17a shows the response of the converter for an RLC series circuit as the load. It can be observed that, in this case, the output voltage response is similar to that of the resistive load. The capacitor (C1) charges when the diode (D1) reaches a maximum peak of 10 V. As the voltage peak starts to fall and the inductor acts as a short circuit for DC current, the presence of the load resistor (R1) prevents the further drop of voltage and brings it to a steady state value of 7 V. However, there is still a possibility of voltage fluctuations due to the LC behavior of the circuit. The presented circuit topology offers an efficiency of 99.6%. Figure 17b shows the response of the current at both the input and the output sides of the circuit. The output current I(L3) current across the inductor (L3) is maintained at 1.4 A. The current I(L1) indicates the input current through the coupled inductor (L1), and the mutual induction depends on the turn ratio of the transformer. A peak of −72 V in the graph indicates that during the off time of the switch (U1), a voltage builds up across the switch, which is the algebraic sum of the input voltage and the output voltage developed at the end of the coupled inductor (L1).



For the sake of comparison, the output response of the circuit with a Si MOSFET switch with an RLC load is shown in Figure 18. It can be seen that the output voltage of a few mV appears at the output, which proves that the Si-based switch is not capable of following the switching frequency of 1 MHz.




3.5. Comparative Analysis of Output Parameters


Table 2 gathers the comparative results of both the GaN- and Si-based switches for different kinds of losses in the circuit, including switching, conduction, and induction losses, and the total power-efficiency of the convertor. The results are calculated using Equations (1)–(5), and it can be concluded that the Si MOSFET is unable to work on the frequency of 1MHz. Only a current in the range of few mAs is able to flow through the Si MOSFET, which produces no drain current, and ultimately, the net efficiency of the converter using the Si MOSFET is close to zero.





4. Conclusions


In this article, a comparative study of the operation of MOSFET switches based on two different materials, i.e., Si and GaN, is presented in a DC-to-DC active-clamp flyback converter for a step-down application. The output response of the circuit is investigated for different types of loads, such as R, RC, and RLC. From the results, it can be concluded that the operating parameters of GaN-based switches are far more superior to ordinary Si switching devices, with the benefits of having high VDS and a much lower RDS(ON), typically in the range of 7 mΩ. The proposed topology offers the improved efficiency of this DC-to-DC converter by reducing the losses concerned with the MOSFET switch via the use of GaN as the gate material. The absence of body diodes in the GaN MOSFET is its unique property that results in a reduction of reverse recovery loss. Comparative results with different loads are presented for the switching frequency in the range of 1 MHz and above. The Si-based MOSFET switch is unable to follow the mentioned frequency range, and therefore, the current flow through the switch is nearly zero, creating a nominal level of voltage at output, as compared to the GaN-based switch. Hence, with the introduction of the GaN switch, the power conversion efficiency is calculated to be 99.6% in the proposed topology, making GaN-based converters much more efficient than conventional power converters. The high-frequency operation of the converter increases the power density of the device, thereby reducing the component size and offering much more compact circuit designs. The GaN-based devices are still categorized as a new technology that can perform well on higher frequencies, and they lead the way for improvement in the frequency response of other discrete components being used in power electronics.
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Figure 1. DC-to-DC converter with flyback topology. 
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Figure 2. (a) Block diagram of flyback topology with PWM as input to the switch; (b) the internal structure of a GaN FET. 
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Figure 3. GaN-based active-clamp flyback converter topology with DC source, PWM generator, and load at the output. 
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Figure 4. Open-circuit configuration of active flyback DC-to-DC converter. 
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Figure 5. The output voltage response of GaN-FET-based switch for an open-circuit configuration. 
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Figure 6. The output voltage response of Si-MOSFET-based switch for an open-circuit configuration. 
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Figure 7. DC-to-DC flyback converter circuit response with a resistive load. 
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Figure 8. The output voltage response of circuit with GaN switch and resistive load configuration. 
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Figure 9. The output voltage response of circuit with Si MOSFET as switch and resistive load configuration. 
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Figure 10. DC-to-DC flyback converter with resistive load of 5 Ω. 
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Figure 11. (a) The output-voltage response with resistive load; (b) the output current and voltage response of the circuit with resistive load. 






Figure 11. (a) The output-voltage response with resistive load; (b) the output current and voltage response of the circuit with resistive load.



[image: Electronics 11 01222 g011]







[image: Electronics 11 01222 g012 550] 





Figure 12. The output-voltage response of the circuit with Si MOSFET as switch and RC load at output. 
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Figure 13. DC-to-DC flyback converter with inductive load configuration. 
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Figure 14. The output voltage and current response of the circuit with GaN switch and LC load. 
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Figure 15. The output voltage and current response of the circuit with Si-MOSFET-based switch and LC load. 
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Figure 16. GaN-switch-based DC-to-DC flyback converter with RLC load configuration. 
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Figure 17. (a) The output voltage response with GaN switch and RLC load; (b) the input and output current responses with GaN switch and RLC load. 






Figure 17. (a) The output voltage response with GaN switch and RLC load; (b) the input and output current responses with GaN switch and RLC load.



[image: Electronics 11 01222 g017]







[image: Electronics 11 01222 g018 550] 





Figure 18. The output-voltage response of the circuit with Si-MOSFET-based switch and RLC Load. 
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Table 1. Material properties of crucial semiconductor materials used in power electronics.
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	Property Name
	Si
	GaAs
	SiC
	4HSiC
	GaN
	AlN
	Diamond





	Thermal expansion (×106 °C)
	2.6
	5.9
	4.7
	4.2
	5.6
	4.5
	0.08



	Density (g/cm3)
	2.328
	-
	3.210
	3.211
	6.095
	3.255
	3.515



	Melting point (Co)
	1420
	-
	3.210
	2830
	3530
	-
	4000



	Bandgap (eV)
	1.1
	1.43
	2.2
	3.26
	3.45
	6.2
	5.45



	Electron velocity (×107 s−1)
	1.0
	1.0
	2.2
	2.0
	2.2
	-
	2.7



	Breakdown (×105 Vcm−1)
	3
	6
	20
	30
	>10
	-
	100



	Dielectric constant
	11.8
	12.5
	9.7
	9.6
	9
	8.5
	5.5



	Carrier mobility (cm2 N-s)

electrons/holes
	1500/600
	8500/400
	1000/50
	1140/50
	1250/850
	-
	2200/1600



	BFOM (relative to Si)
	1.0
	15.7
	4.4
	-
	24.6
	-
	101
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Table 2. Losses and efficiency calculation table.
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	S. No.
	Parameters
	Si Power MOSFET (W) (IXTK 200N10P)
	GaN MOSFET (W) (EPC2001C)





	1
	Switching Loss at ON State (W)
	0
	0.628



	2
	Switching Loss at OFF State (W)
	0
	1.885



	3
	Total Switching Loss (W)
	Not Working
	2.513



	4
	Conduction Loss at ON State (W)
	0.000000000004

approx. zero
	0.420 × 10−3



	6
	Total conduction loss at OFF state (W)
	0.000000000008

approx. zero
	0.840 × 10−3



	7
	Inductive loss (W)
	1.074
	39.2 m



	8
	Total loss (W)
	maximum
	2.553



	9
	Power-Efficiency of Converter (%)
	0.0041
	99.6
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