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ABSTRACT 

 

Gate drive transformers are essential components in power electronic systems 

that provide galvanic isolation and voltage level shifting between high-power 

semiconductor devices and their control circuitry. This abstract discusses the 

design considerations and methodologies for gate drive transformers. The key 

parameters, such as turns ratio, core material selection, winding arrangement, 

and insulation techniques, are explored in detail. The design process involves 

calculating the required turns ratio to achieve the desired voltage transformation, 

determining the core size and material based on power requirements and 

frequency range, optimizing winding arrangements to minimize leakage 

inductance and parasitic capacitance, and implementing appropriate insulation 

techniques to ensure safe operation. Simulation model design and development 

in MATLAB platform and LT-Spice platform. In addition, we obtain the output 

waveform of the voltage difference between the gate and source terminal of a 

MOSFET, as well as the voltage difference between the drain and source 

terminals of a MOSFET. 

Gate drive circuits for modern power electronic switches, such as MOSFET, often 

require electrical isolation. This paper describes the modelling and experimental 

results of some coreless printed circuit board (PCB)-based transformers that can 

be used for MOSFET devices at high-frequency (500 kHz to 2 MHz) operation. 

PCB-based transformers do not require the manual winding procedure and thus 

simplify the manufacturing process of transformer-isolated gate drive circuits.  
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INTRODUCTION 

 

GATE DRIVE circuits for power inverters and converters often require electrical 

isolation. Among various isolation techniques, isolation transformer is probably the 

most widely used method. Because of the relatively high manufacturing cost of 

manually wound transformers and inductors, recent research has focused on 

making transformer and/or inductor windings on printed circuit boards (PCB’s). 

Besides the cost factor, such a PCB based transformer and inductor winding 

concept is highly attractive to the automation process. In a recent industrial 

research, a PCB-based transformer has been proposed for isolated gate drive 

circuits for the power MOSFET. The transformer windings are printed on a double-

sided PCB. A ferrite core is, however, needed in the transformer. While such a 

proposal avoids the use of a manually wound transformer, commonly used ferrite 

rings cannot be used because it is impossible to put ferrite rings through the PCB 

without breaking the rings. Instead of using ferrite rings, a U-I core set or a U-U 

core set can be glued together to form a closed magnetic path. In this paper, the 

performance of PCB-based transformers used for isolated gate drive circuits 

without using any magnetic core is presented. An analysis and an accurate circuit 

model of the coreless PCB transformer are included. PSpice simulation and 

measurements obtained from several PCB transformers of different dimensions 

have confirmed the validity of the model. It will be shown that coreless PCB 

transformers have several advantages for high-frequency operations for MOSFET 

and insulated gate bipolar transistor gate drive circuits. 
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LITRETURE SURVEY 

 

1) A New MOSFET Gate Drive Insulated By A Piezoelectric Transformer: A 

new gate drive for MOSFET'S is presented based on the use of a piezoelectric 

transformer. The characterisation of the transformer and the analysis of the 

energy transferred to the grid of the transistor are achieved in order to 

determine the optimal physical structure of the transformer. Satisfactory results 

have been obtained in driving a 6A/100V/10kHz chopper.[2][3] 

 

2) Coreless PCB-based transformers for Power MOSFET Gate Drive 

Circuits: Gate drive circuits for modern power electronic switches such as 

MOSFET and IGBT often require electrical isolation. This paper describes 

initial results of some coreless PCB-based transformers that can be used for 

MOSFET devices at high frequency (500kHz to 2MHz) operation. Such 

transformer substantially reduces the labour cost in winding core based 

transformer and simplifies the automation process of gate drive circuits[1] 

 

 

3) Self-Driven Synchronous Rectification Scheme Without Undesired Gate-

Voltage Discharge for DC-DC Converters With Symmetrically Driven 

Transformers: A new self-driven synchronous rectification scheme for dc–dc 

converters with symmetrically driven transformers and wide input voltage 

range. The driving signals are obtained from the output inductor. Two auxiliary 

switches are utilized to turn off the main switches properly. Two extra auxiliary 

switches, which are controlled by a delayed signal from the inductor, are added 

to avoid the undesired gate discharge. This approach can achieve high 

efficiency and is suitable for practical applications. Experimental results based 

on a 36–75 V input, 2.5 V/30 A output prototype are shown to verify the 

proposed scheme[9] 
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4) Transformer-Isolated Gate Drive Design for SiC JFET Phase-Leg Module: 

In order to take full advantage of the SiC devices' high-temperature and high-

frequency capabilities, a transformer isolated gate driver is designed for the 

SiC JFET phase leg module to achieve a fast switching speed of 26V/ns and 

a small cross-talking voltage of 4.2V in a 650V and 5A inductive load test. 

Transformer isolated gate drive circuits suitable for high-temperature 

applications are compared with respect to different criteria. Based on the 

comparison, an improved edge triggered gate drive topology is proposed. 

Then, using the proposed gate drive topology, special issues in the phase-leg 

gate drive design are discussed. Several strategies are implemented to 

improve the phase-leg gate drive performance and alleviate the cross-talking 

issue. Simulation and experimental results are given for verification 

purposes.[4][7] 
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DIODE 

A diode is a two-terminal electronic device that allows 

current to flow in only one direction. It is primarily 

composed of a semiconductor material, typically 

doped with impurities to create a P-N junction. The P-

N junction forms the basic structure of the diode and 

determines its electrical properties. 

When a diode is forward-biased, meaning the positive 

voltage is applied to the P-region and the negative 

voltage to the N-region, it allows current to flow freely. 

The diode exhibits a low resistance or voltage drop 

(typically around 0.7 volts for a silicon diode) in the 

forward direction, enabling current to pass through easily. 

On the other hand, when a diode is reverse-biased, meaning the positive voltage 

is applied to the N-region and the negative voltage to 

the P-region, it acts as an insulator, blocking the flow of 

current. The diode exhibits a high resistance in the 

reverse direction, preventing current from passing 

through. 

In summary, a diode is an electronic component that 

allows current to flow in one direction while blocking it in 

the reverse direction. It plays a crucial role in controlling 

the flow of current and enabling various functions in electronic circuits. 

The output characteristics of a diode represent the relationship between the voltage 

across the diode and the current flowing through it. There are two key output 

characteristics of a diode: the forward characteristic and the reverse characteristic. 

 

 

 

Fig-1: Construction of Diode 

Fig-2: Symbol of Diode 
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1. Forward Characteristic: The forward characteristic of a diode describes its 

behaviour when it is forward-biased, meaning a positive voltage is applied to the 

anode (P-region) and a negative voltage to the cathode (N-region). In the forward 

bias mode, the diode allows current to flow through it. The forward characteristic can 

be divided into two regions: 

a. Forward Voltage (Vf) Region  b. Saturation Region 

2. Reverse Characteristic: The reverse characteristic of a diode describes its 

behaviour when it is reverse-biased, meaning a positive voltage is applied to the 

cathode (N-region) and a negative voltage to the anode (P-region). In the reverse 

bias mode, the diode blocks the flow of current and exhibits a very high resistance. 

However, a small amount of reverse leakage current (typically in the nanoampere or 

microampere range) can still flow due to minority carriers and other leakage 

mechanisms. 

It's important to note that the output characteristics of a diode can vary depending on 

factors such as the diode's type, material, temperature, and manufacturing variations. 

Graph-1: Output Characteristics of Diode 
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Manufacturers often provide datasheets that include detailed graphs illustrating the 

specific output characteristics of their diode products, allowing engineers to analyse 

and understand their behaviour in different operating conditions. 

 

 

 

 

 

 

 

 

 

 

Table-1: Limiting value of diode (1N4148) 

 

Table-2: Limiting value of diode (MUR405) 
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BIPOLAR JUNCTION TRANSISTOR (BJT) 

A Bipolar Junction Transistor (BJT) is a three-terminal electronic device widely used 

in both analog and digital circuits. It is composed of three semiconductor regions: the 

emitter (E), the base (B), and the collector (C). The BJT operates based on the 

principle of minority carrier injection and control of current flow. 

The BJT has two types: NPN (negative-positive-negative) and PNP (positive- 

negative-positive). The construction and operation of the NPN and PNP BJTs are 

similar, but the doping types and polarities of the regions differ.  

The construction of a BJT involves sandwiching two regions 

of one type of semiconductor material (either N or P type) with 

a region of the opposite type. This creates two back-to-back 

PN junctions. The emitter region has higher doping 

concentration, followed by the base region with moderate 

doping concentration, and the collector region with lower 

doping concentration. The physical structure can be 

represented as Emitter-Base-Collector (EBC) for an NPN 

transistor and Emitter-Base-Collector (EBC) for a PNP 

transistor.  

The BJT operates based on two types of conduction: NPN operates based on the 

flow of electrons (negative charges), and PNP operates based on the flow of  holes 

(positive charges). 

The working principle 

of an NPN transistor 

is explained  here: 

Forward Bias: When 

a positive voltage is 

applied to the base-

emitter junction                    

(VBE), it forward 

biases the junction, allowing current to flow from the emitter to the base. Electrons 

are injected into the base region, which is thinner and lightly doped, and a small 

Fig-3: Construction of BJT 

 

Fig-4: Working of BJT 
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fraction of them recombine with the holes present. The remaining majority of electrons 

diffuse towards the collector region. 

Reverse Bias: The base-collector junction (VBC) is reverse biased by applying a 

positive voltage to the collector terminal. This creates a depletion region with a 

potential barrier that prevents majority carriers from crossing the 

junction. However, a small fraction of electrons that cross the 

base region enter the collector region due to diffusion. 

Transistor Action: The majority of electrons injected into the 

base region combine with the majority carriers (holes) present, 

resulting in a small base current (IB). The base current controls 

the larger collector current (IC),  

as it determines the number of electrons injected into the base region. The collector 

current is proportional to the base current, with the proportionality factor known as the 

transistor's current gain (β or hfe). 

 

 

 

 

 

 

 

 

 

 

Fig-5: Symbol of BJT 

 

Graph-2: Output Characteristics of BJT 
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The output characteristics of a Bipolar Junction Transistor (BJT) represent the 

relationship between the output current and output voltage of the transistor under 

different operating conditions. There are two key output characteristics of a BJT: the 

output characteristics in the active region and the output characteristics in the 

saturation and cut-off regions. 

1. Output Characteristics in the Active Region: The active region of a BJT is the 

region of operation where the transistor is biased such that both the base-emitter 

junction and base-collector junction are forward biased. In this region, the BJT 

operates as an amplifier, and its output characteristics are typically represented by a 

graph of the collector current (IC) versus the collector-emitter voltage (VCE), with 

the base current (IB) as the parameter. 

a. Collector Characteristic (IC vs. VCE): In the active region, with a fixed base 

current (IB), the collector current (IC) increases almost linearly with an increase in 

collector-emitter voltage (VCE). This linear relationship between IC and VCE is 

known as the collector characteristic or the output characteristic. 

b. Saturation Current (IC sat): At a certain point, when VCE decreases to a low 

value, the collector current reaches a maximum value known as the saturation 

current (IC sat). In saturation, the BJT operates as a closed switch with a very low 

voltage drop across the collector-emitter junction. 

2. Saturation Region: In the saturation region, the base-emitter junction is forward 

biased, and the base-collector junction is also forward biased. The output 

characteristic in this region shows a relatively constant collector current (IC) with 

respect to collector-emitter voltage (VCE), indicating that the BJT is fully turned on. 

b. Cut-off Region: In the cut-off region, both the base-emitter junction and the 

base-collector junction are reverse biased. The output characteristic in this region 

shows zero or negligible collector current (IC) for any collector-emitter voltage 

(VCE), indicating that the BJT is fully turned off. 
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Table-3: Limiting value of BJT PNP (2SB561) 

 

Table-4: Limiting value of BJT NPN (2SC2120) 
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METAL OXIDE SEMICONDUCTOR FIELD EFFECT 

TRANSISTOR (MOSFET) 

A Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET) is a three-terminal 

electronic device that operates based on the principles of a field-effect transistor. It is 

a popular type of transistor used in a wide range of applications, including power 

electronics, digital circuits, amplifiers, and switching applications. 

A MOSFET consists of a semiconductor substrate, typically made of silicon, on which 

different layers and structures are formed. The key components of a MOSFET are: 

1. Substrate: The semiconductor substrate, often referred to as the body or bulk, 

provides the foundation for the MOSFET's operation. It is usually doped with 

impurities to control the conductivity of the substrate material.  

2. Gate: The gate is made of a conductive material, such as metal or heavily doped 

polysilicon, and is separated from the substrate by a thin insulating layer known as 

the gate 

oxide 

(usually 

silicon 

dioxide). 

The gate 

controls the 

flow of 

current 

through the 

MOSFET. 

3. Source and Drain: The source and drain terminals are heavily doped regions 

located on either side of the channel in the semiconductor substrate. These regions 

are typically made up of N-type or P-type material, depending on whether the 

MOSFET is an N-channel or P-channel type. 

Fig-6: Consturction and Working of N-MOS 
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Working Principle: The operation of a MOSFET is based on the modulation of the 

conductive channel between the source and drain regions by the electric field 

produced by the gate voltage. There are two main types of MOSFETs: 

1. N-Channel MOSFET (NMOS): In an NMOS transistor, the substrate is P-type, and 

the source and drain regions are N-type. Applying a positive voltage to the gate (with 

respect to the source) creates an electric field that attracts electrons from the source 

region, forming an N-type channel between the source and drain. This allows current 

to flow from the source to the drain when a voltage is applied across them. 

2. P-Channel MOSFET (PMOS): In a 

PMOS transistor, the substrate is N-type, 

and the source and drain regions are P-

type. Applying a negative voltage to the 

gate (with respect to the source) creates 

an electric field that attracts holes from the 

source region, forming a P-type channel 

between the source and drain. This allows 

current to flow from the drain to the source 

when a voltage is applied across them. 

Modes of Operation: MOSFETs can operate in three different modes: 

1. Cut-Off: In the cut-off mode, the transistor is off, and no current flows between the 

source and drain regions. The gate-source voltage is below the threshold voltage, 

and the channel is not formed. 

2. Triode/Linear Region: In the triode or linear region, the MOSFET operates as an 

amplifier. The gate-source voltage is above the threshold voltage, allowing the 

channel to form. The drain current increases linearly with the drain-source voltage 

when the transistor is in this region. 

3. Saturation: In the saturation region, the MOSFET operates as a switch. The gate-

source voltage is sufficiently high, and the channel is fully formed. The drain current 

remains relatively constant with further increases in the drain-source voltage. 

Fig-7: Symbol of N-MOS 
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MOSFETs offer advantages such as high input impedance, low power consumption, 

and high switching speeds, making them ideal for various applications. They come in 

different sizes and power ratings to accommodate different voltage and current 

requirements. 

 

 

Graph-3: Output Characteristics of N-MOS 

 

Table-5: Limiting value of Mosfet (APT5040) 
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CORE LESS PULSE TRANSFORMER 

A core less pulse transformer is a type of transformer specifically designed to transmit 

electrical pulses or short-duration signals 

with minimal distortion. It is commonly used 

in applications such as data transmission, 

telecommunications, power electronics, and 

pulse power systems. The primary purpose 

of a core less pulse transformer is to provide 

galvanic isolation and impedance matching 

between the source and load. 

A core less pulse transformer consists of a primary winding and a secondary winding, 

both wound around a shared magnetic core. The core material is typically ferrite or 

iron-based, chosen for its high magnetic permeability and ability to efficiently transfer 

magnetic flux. The windings are made of insulated wire, and the number of turns on 

each winding depends on the required voltage transformation ratio and desired 

impedance matching. 

The operation of a core less pulse transformer is similar to that of a conventional 

transformer, but it is designed to handle high-frequency or short-duration pulses. 

When an input pulse voltage is applied to the primary winding, it generates a magnetic 

field in the core. This magnetic field induces a voltage in the secondary winding, which 

is proportional to the turns ratio between the windings. The core less pulse 

transformer transfers the pulse energy from the primary side to the secondary side 

without significant distortion, providing galvanic isolation between the input and output 

circuits. 

Applications: 

1. Data Transmission: Core less pulse transformers are commonly used in 

communication systems, such as Ethernet networks and high-speed digital 

interfaces, to couple signals between devices while maintaining electrical isolation. 
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2. Telecommunications: Core less pulse transformers are used in telecommunication 

circuits to interface between different voltage levels and provide impedance matching. 

They are found in line drivers, modems, and other telecommunications equipment. 

3. Power Electronics: Core less pulse transformers are utilized in power converters 

and inverters to provide isolation and voltage transformation between control circuits 

and power stages. They can also be employed in high-frequency switch-mode power 

supplies. 

4. Pulse Power Systems: Core less pulse transformers find applications in pulse 

power systems, including pulsed lasers, particle accelerators, and radar systems. 

They enable the transmission of high-energy pulses with precise timing and minimal 

distortion. 

Benefits: 

- Galvanic Isolation: Core less pulse transformers provide electrical isolation between 

the primary and secondary windings, protecting sensitive components from high 

voltages or voltage transients. 

- Impedance Matching: They enable impedance matching between the source and 

load, ensuring efficient transfer of pulse energy without reflections. 

- High-Frequency Operation: Core less pulse transformers are designed to handle 

high-frequency signals and pulses, allowing for accurate transmission of fast-

switching signals. 

Overall, core less pulse transformers play a crucial role in various applications where 

the accurate and reliable transmission of electrical pulses is required. 
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Equivalent Model of transformer:  
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Transfer Function of Core less Pulse Transformer: 
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CURCUIT DIAGRAM 

 

 

SIMULATION ON MATLAB 

 

 

 

 

Simulation-1: MATLAB  
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Output-1: Gate-Source Voltage vs time 

Output-2: Drain-Source Voltage vs time 
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SIMULATION ON LT-Spice 

 

 

 Simulation-2: LT-Spice 

 

Output-3: Drain-Source Current vs time 
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Output-1: Gate-Source Voltage vs frequency 

 

Output-2: Drain-Source Voltage vs frequency 
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HARDWARE IMPLEMENTATION 
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Backside of Gate Driver Circuit 
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CONCLUSION 

 

The principle of using coreless PCB-based transformer in isolated gate drive 

circuit for power MOSFET has been successfully demonstrated. Coreless 

transformers can be used for both signal and energy transfer. They eliminate 

the requirements of magnetic core and manually wound transformers in gate 

drive circuits. Consequently, automation in the manufacturing process of gate 

drive circuits becomes feasible and the manufacturing cost can be reduced. In 

addition, PCB offers electrical isolation of typically 15–40 kV , which is much 

higher than the typical electrical isolation of 2.5 kV offered by many 

optocouplers. In this paper, an accurate high frequency model and analysis 

have been presented. The simple model can be implemented in simulation 

package. Analytical, PSpice, and practical measurements of several coreless 

transformers with operating frequencies ranging from 500 kHz to 2 MHz have 

confirmed the operating principle of coreless PCB-based transformers. 

Together with switched capacitor converters, they can also be used to develop 

low-profile power converters (or power cards) without using magnetic cores.. 
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