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Gate Drive Transformer Fundamentals 

Application Information​
 

​
1  Introduction 

Modern power electronic systems rely on 
semiconductor switching devices such as MOSFETs, 
IGBTs, and wide-bandgap devices to achieve 
efficient power conversion. In many applications, the 
gate-drive circuitry must operate at a different 
electrical potential than the control circuitry, making 
galvanic isolation necessary for safety, noise 
immunity, and reliable system operation. 

Several technologies can provide isolated gate-drive 
signals, including optocouplers, digital isolators, 
isolated gate-driver ICs, and gate drive transformers 
(GDTs). Among these solutions, gate drive 
transformers remain a popular choice due to their 
excellent common-mode noise immunity, low 
propagation delay, compact implementation, and 
ability to efficiently transmit switching pulses across 
an isolation barrier. 

Gate drive transformers are widely used in 
switch-mode power supplies (SMPS), motor drives, 
industrial inverters, renewable energy systems, and 
other power conversion equipment employing 
MOSFETs, IGBTs, and selected wide-bandgap  

 

semiconductor devices. When properly selected and 
implemented, they provide reliable isolation and 
accurate pulse transmission in demanding switching 
environments. 

This application note introduces the fundamentals of 
gate drive transformers, compares them with 
alternative isolation technologies, discusses 
common applications and design considerations, 
and provides practical guidance for selecting the 
appropriate transformer for a given application. 

 

2  What Is a Gate Drive Transformer? 

2.1  Definition 

A gate drive transformer (GDT) is a specialized 
pulse transformer designed to transfer gate-drive 
signals across an isolation barrier while maintaining 
electrical isolation between the control circuitry and 
the power switching stage. Unlike conventional 
power transformers, which are intended to transfer 
continuous power, gate drive transformers are 
optimized for the transmission of high-frequency 
pulse waveforms with minimal distortion. 

In a typical gate-drive circuit, a driver IC or discrete 
driver stage applies a voltage pulse to the primary 
winding of the transformer. This changing voltage 
produces a time-varying magnetic flux in the 
transformer core, which induces a corresponding 
voltage in the secondary winding. The secondary 
voltage is then used to drive the gate of a power 
semiconductor device such as a MOSFET, IGBT, or 
selected wide-bandgap device. 

 
Page 1 of 16                                      Gate Drive Transformer Fundamentals​ 15/06/2026 



 
​ ​
 

GT-AN-001 

​
 

 
The operation of a transformer is governed by 
Faraday's Law of Electromagnetic Induction: 

 𝑉 = 𝑁 𝑑Φ
𝑑𝑡

Where: 
V = Induced voltage 
N = Number of winding turns 
Φ = Magnetic flux 

This relationship shows that a voltage is induced 
only when the magnetic flux is changing. As a result, 
gate drive transformers can transfer pulse and AC 
signals but cannot transfer a true DC signal. If a 
constant voltage is applied to the primary winding, 
magnetic flux will continue to increase until the core 
approaches saturation, resulting in waveform 
distortion and loss of proper transformer operation. 

The voltage relationship between the primary and 
secondary windings is determined by the 
transformer turns ratio: 

 
𝑉𝑠

𝑉𝑝 =
𝑁𝑠

𝑁𝑝

Where: 
Vs = Secondary voltage; Vp = Primary voltage 
Ns = Secondary turns; Np = Primary turns 

Many gate drive transformers use a 1:1 turns ratio to 
reproduce the driver voltage at the secondary 
winding. However, step-up or step-down ratios may 
be used when specific gate-drive voltage 
requirements exist. 

Compared with power transformers, gate drive 
transformers typically operate with significantly lower 
transferred power but place greater emphasis on 
pulse fidelity, isolation performance, leakage 
inductance, and propagation characteristics. Their 
design is optimized to accurately reproduce 
switching waveforms while maintaining galvanic 
isolation between the primary and secondary 
circuits. 

2.2  Pulse Transformer vs. Power 

Transformer 

Although gate drive transformers and power 
transformers share the same fundamental operating 
principles, they are designed for different objectives. 

Power transformers are intended to transfer 
significant amounts of energy from one circuit to 
another and typically operate at relatively constant 
frequencies. Their performance is often optimized for 
efficiency, thermal management, and 
power-handling capability. 

Gate drive transformers, in contrast, are designed to 
reproduce pulse waveforms accurately while 
maintaining isolation. Parameters such as leakage 
inductance, pulse fidelity, propagation delay, and 
volt-second capability are generally more important 
than power-transfer efficiency. 

Characteristic  
Gate Drive 

Transformer 

Power 

Transformer 

Primary 

Function 

Pulse 

transmission 
Power transfer 

Signal Type Pulsed Continuous AC 

Power Level Low 
Moderate to 

High 

Design Priority 
Waveform 

fidelity 
Efficiency 

Critical 

Parameters 

Leakage 

inductance, ET 

product 

Regulation, 

losses 

Table 1: Pulse Transformer vs. Power Transformer 
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2.3  Why Gate Drive Transformers 
Cannot Transfer DC 

Because transformer operation depends on 
changing magnetic flux, a gate drive transformer 
cannot transfer a true DC signal. 

If a constant voltage is applied to the primary 
winding, magnetic flux increases continuously until 
the transformer core approaches saturation. Once 
saturation occurs, the transformer can no longer 
reproduce the intended waveform, resulting in 
excessive magnetizing current and degraded 
gate-drive performance. 

For this reason, gate drive transformer circuits must 
maintain volt-second balance. The positive and 
negative volt-seconds applied to the transformer 
core over time should remain approximately equal to 
prevent flux accumulation and core saturation. 

The effects of volt-second imbalance, core 
saturation, and transformer reset requirements are 
discussed in greater detail in Section 8. 

2.4 Typical Gate Drive Transformer 
Circuit 

Figure 1 illustrates a simplified transformer-coupled 
gate-drive circuit. The primary side receives 
switching pulses from the gate driver, while the 
isolated secondary winding delivers the 
corresponding gate-drive signal to the power 
semiconductor device. 

​

Figure 1. Typical Gate Drive Transformer Circuit 

3  Gate Drive Transformer vs. 

Optocoupler vs. Isolated Driver IC 

Gate drive transformers are one of several 
technologies available for providing isolated 
gate-drive signals in power electronic systems. 
Alternative solutions include optocouplers and 
isolated gate-driver ICs, each offering distinct 
advantages and limitations. The most appropriate 
choice depends on factors such as switching 
frequency, isolation requirements, noise immunity, 
system complexity, and cost. 

3.1 Gate Drive Transformers 

Gate drive transformers provide galvanic isolation 
through magnetic coupling. Because there is no 
direct electrical connection between the primary and 
secondary windings, transformer-coupled gate-drive 
circuits can achieve excellent common-mode noise 
immunity while maintaining low propagation delay. 

A significant advantage of gate drive transformers is 
their ability to transfer both the gate-drive signal and 
a portion of the gate-drive energy through the same 
magnetic structure. In addition, multiple isolated 
outputs can be obtained by incorporating multiple 
secondary windings, making GDTs attractive for 
half-bridge, full-bridge, and multi-switch topologies. 

However, gate drive transformers require alternating 
or pulsed waveforms and cannot transfer true DC 
signals. Designers must therefore consider 
volt-second balance, transformer reset 
requirements, and potential core saturation during 
circuit implementation. 

3.2 Optocouplers 

Optocouplers provide isolation by transmitting 
information across an optical barrier. A light-emitting 
diode (LED) on the input side generates light that is 
detected by a phototransistor, photodiode, or similar 
optical receiver on the output side. 
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Historically, optocouplers have been widely used in 
isolated gate-drive circuits because they provide 
simple implementation and good isolation 
performance. However, their switching speed, 
propagation delay, and long-term performance can 
be influenced by LED aging and temperature 
variations. 

While modern gate-drive optocouplers offer 
significantly improved performance compared with 
earlier devices, they generally exhibit higher 
propagation delays and lower common-mode 
transient immunity (CMTI) than transformer-based or 
digital isolation solutions. 

3.3 Isolated Driver ICs 

Isolated gate-driver ICs integrate signal isolation and 
gate-drive circuitry into a single package. Depending 
on the device architecture, isolation may be 
achieved through capacitive coupling, magnetic 
coupling, or proprietary isolation technologies. 

These devices simplify system design by eliminating 
many external components while providing 
advanced features such as undervoltage lockout 
(UVLO), desaturation protection, Miller clamp 
functionality, fault reporting, and programmable dead 
time. 

For many modern designs, isolated driver ICs 
represent the most convenient solution. However, 
they may increase system cost and can offer less 
flexibility than discrete transformer-based 
implementations in certain applications. 

3.5 Technology Comparison 

Several isolation technologies are available for 
transmitting gate-drive signals in power electronics 
systems, including gate drive transformers, 
optocouplers, and isolated driver ICs. Each 
approach offers different advantages in terms of 
isolation performance, propagation delay, noise 
immunity, power transfer capability, and 

implementation complexity. Table 2 compares the 
key characteristics of these technologies to help 
designers select the most appropriate solution for 
their application. 

Feature  GDT 
Opto-​

coupler  

Isolated 

Driver IC 

Galvanic 

Isolation 
Yes  Yes  Yes  

Propagation 

Delay 
Low Moderate Low 

Common-​
Mode Noise 

Immunity 

Excellent Moderate Excellent 

Power 

Transfer 

Capability 

Yes No Limited 

Component 

Count 
Low Moderate Low 

Cost 
Low to 

Moderate 
Moderate 

Moderate to 

High 

Duty Cycle 

Limitations 
Yes  No No 

Table 2. GDT vs Optocoupler vs Isolated Driver IC 

3.5 Device Selection Considerations 

No single isolation technology is ideal for every 
application. Gate drive transformers are often 
preferred in designs requiring excellent noise 
immunity, low propagation delay, compact 
implementation, and multiple isolated outputs. 
Optocouplers may be suitable for lower-speed 
applications where simplicity and isolation are the 
primary requirements. Isolated driver ICs are 
frequently selected when advanced protection 
features, high integration, and simplified 
implementation are priorities. 
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The final choice should be based on the electrical, 
thermal, safety, and cost requirements of the overall 
system. 

 

4  Benefits of Gate Drive Transformers 

4.1 Galvanic Isolation 

One of the primary benefits of a gate drive 
transformer is its ability to provide galvanic isolation 
between the control circuitry and the power stage. 
Since energy is transferred magnetically rather than 
through a direct electrical connection, potentially 
hazardous voltages present in the power circuit are 
isolated from low-voltage control electronics. 

This isolation helps protect sensitive control circuitry, 
improves system safety, and enables the 
implementation of high-side switching topologies 
where the switching device may operate at a voltage 
potential significantly different from system ground. 
Isolation performance is typically specified by 
parameters such as isolation voltage, creepage 
distance, and clearance distance. 

4.2 High Common-Mode Noise 
Immunity 

Modern power converters often operate with high 
switching speeds that generate large voltage 
transients. In applications employing MOSFETs, 
IGBTs, or silicon carbide (SiC) devices, voltage slew 
rates (dv/dt) can reach tens or even hundreds of 
volts per nanosecond. 

Because gate drive transformers rely on magnetic 
coupling rather than optical or direct electrical signal 
transmission, they exhibit excellent immunity to 
common-mode noise. This characteristic helps 
maintain signal integrity in electrically noisy 
environments and reduces the likelihood of false 
triggering caused by switching transients or ground 
potential differences. 

High common-mode noise immunity is particularly 
important in motor drives, industrial inverters, 
renewable energy systems, and other high-power 
switching applications where large transient voltages 
are common. 

4.3 Fast Pulse Transmission 

Gate drive transformers are specifically designed to 
reproduce pulse waveforms accurately. Proper 
transformer design minimizes pulse distortion while 
maintaining low propagation delay between the 
primary and secondary circuits. 

Fast pulse transmission contributes to accurate 
switching transitions, reduced timing errors, and 
improved overall converter performance. Low 
propagation delay is especially beneficial in 
half-bridge and full-bridge topologies where precise 
timing relationships between switching devices are 
required. 

Performance factors affecting pulse transmission 
include transformer bandwidth, leakage inductance, 
winding capacitance, and core characteristics. 
These parameters are discussed in greater detail in 
later sections of this application note. 

4.4 Compact and Efficient 
Implementation 

Compared with some alternative isolation methods, 
transformer-coupled gate-drive circuits can often be 
implemented using a relatively small number of 
components. In many designs, a single transformer 
can provide isolation while simultaneously 
transferring the gate-drive signal. 

This approach can reduce PCB area, simplify circuit 
layout, and contribute to overall system reliability. 
Gate drive transformers are available in a variety of 
surface-mount and through-hole packages, allowing 
designers to balance size, isolation requirements, 
and manufacturing preferences. 
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4.5 Multiple Isolated Outputs 

A unique advantage of gate drive transformers is the 
ability to support multiple isolated outputs using 
additional secondary windings. This capability allows 
a single transformer to provide isolated gate-drive 
signals for multiple switching devices while 
maintaining electrical isolation between the control 
circuitry and power stage. 

Multiple-secondary configurations are commonly 
used in push-pull, half-bridge, and full-bridge 
converter topologies. By consolidating several 
isolated outputs into a single magnetic component, 
designers may reduce component count and simplify 
implementation while maintaining consistent signal 
timing between channels. 

4.6 Reliability and Long Service Life 

Gate drive transformers are passive magnetic 
components that do not rely on light-emitting 
elements or complex semiconductor isolation 
structures. As a result, they can provide reliable 
long-term operation when used within their specified 
electrical and environmental limits. 

Their robust construction and inherent immunity to 
many forms of electrical stress make them well 
suited for industrial and power conversion 
applications where long service life and dependable 
operation are important design objectives. 

 

5  Common Gate Drive Topologies​
​
Gate drive transformers can be implemented in a 
variety of circuit configurations depending on the 
power converter topology, isolation requirements, 
and switching strategy. The selected gate-drive 
topology influences transformer utilization, signal 
fidelity, component count, and overall system 
performance. 

While the fundamental operating principle remains 
the same, different topologies may require different 
approaches to transformer reset, secondary winding 
configuration, and gate-drive circuitry. Understanding 
these common implementations helps designers 
select the most appropriate solution for a given 
application. 

5.1 Single-Ended Gate Drive 

The simplest transformer-coupled gate-drive 
configuration uses a single primary winding and a 
single secondary winding to drive one switching 
device. The gate driver applies a pulse train to the 
primary winding, and the resulting isolated pulse is 
delivered to the gate of the power semiconductor 
through the secondary winding. 

Single-ended configurations are commonly used in 
low-to-medium power converters where only one 
isolated gate-drive signal is required. Their simplicity 
makes them attractive for evaluation circuits, 
isolated switch applications, and lower-complexity 
converter designs. 

Because transformers cannot transfer DC signals, 
single-ended topologies often require a mechanism 
to ensure proper transformer reset and volt-second 
balance during operation. 

Figure 2. Simplified Single-Ended Gate Drive Topology 
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5.2 Double-Ended Transformer-Coupled 

Gate Drive Circuit 

Double-ended transformer-coupled gate drive 
circuits are commonly used in push-pull, half-bridge, 
and similar dual-switch topologies where 
complementary gate-drive signals are required. The 
gate drive transformer provides isolated drive signals 
to both switching devices while maintaining timing 
symmetry and minimizing propagation-delay 
mismatch between channels. 

By alternately driving the transformer, the magnetic 
flux is naturally balanced within the core, improving 
transformer utilization and reducing the likelihood of 
saturation. This balanced operation contributes to 
reliable pulse transmission, improved common-mode 
noise immunity, and consistent switching 
performance. 

Double-ended transformer-coupled gate drive 
circuits are widely used in medium- and high-power 
DC/DC converters, industrial power supplies, 
inverter systems, and other applications requiring 
coordinated switching of multiple power 
semiconductors. 

Figure 3. Simplified Double-Ended Transformer-Coupled 
Gate Drive Circuit 

5.3 Full-Bridge Transformer-Coupled 

Gate Drive Circuit 

Full-bridge power converters require multiple 
gate-drive signals to control both high-side and 

low-side switching devices. Gate drive transformers 
can provide isolated drive signals while withstanding 
large switching-node voltage excursions and 
maintaining excellent common-mode transient 
immunity. 

This approach is widely used in high-power DC/DC 
converters, renewable energy systems, industrial 
motor drives, welding equipment, and energy 
storage applications. Multiple secondary windings 
may be incorporated into a single transformer to 
simplify implementation and improve timing 
consistency between switching channels. 

Figure 4. Simplified Full-Bridge Transformer-Coupled Gate 
Drive Circuit 

Topology Selection Considerations 

The choice of gate-drive topology depends on the 
converter architecture, switching frequency, isolation 
requirements, and the number of switching devices 
being driven. Single-ended configurations offer a 
simple solution for driving a single isolated switch, 
while double-ended topologies support 
complementary switching and improved transformer 
utilization. Full-bridge systems require multiple 
isolated gate-drive signals and benefit from the 
timing consistency and noise immunity provided by 
gate drive transformers. 

When selecting a topology, designers should 
consider transformer reset requirements, 
volt-second balance, propagation delay, and the 
gate-drive requirements of the switching devices. 
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6  Typical GDT Applications 

Gate drive transformers are widely used in power 
electronic systems that require isolated gate-drive 
signals for power semiconductor devices. Their 
ability to provide galvanic isolation, high 
common-mode noise immunity, and reliable pulse 
transmission makes them suitable for a broad range 
of switching applications. Although traditionally 
associated with MOSFET and IGBT gate drives, 
gate drive transformers may also be used in 
selected wide-bandgap semiconductor applications 
where their electrical characteristics align with the 
requirements of the switching device and gate-drive 
circuit. 

6.1 MOSFET Gate Drive Applications 

Power MOSFETs are among the most common 
switching devices used in modern power converters 
due to their high switching speed, low gate-drive 
power requirements, and ease of control. Gate drive 
transformers are frequently employed in isolated 
MOSFET gate-drive circuits found in switch-mode 
power supplies, DC/DC converters, and industrial 
power systems. 

In these applications, the transformer provides 
electrical isolation between the controller and the 
power stage while accurately reproducing the 
gate-drive waveform. Low leakage inductance and 
good pulse fidelity are particularly important for 
maintaining fast switching transitions and minimizing 
switching losses. 

6.2 IGBT Gate Drive Applications 

Insulated Gate Bipolar Transistors (IGBTs) are 
commonly used in medium- and high-power 
applications where operating voltages and currents 
exceed the practical range of conventional 
MOSFETs. Examples include motor drives, welding 
equipment, industrial inverters, UPS systems, and 
renewable energy converters. 

Gate drive transformers provide a robust isolation 
solution for IGBT gate-drive circuits, particularly in 
systems where high common-mode transient 
immunity and reliable operation are required. 
Because IGBTs generally exhibit higher gate charge 
than MOSFETs, transformer selection should 
account for pulse width requirements, volt-second 
capability, and the energy required to charge and 
discharge the gate capacitance. 

6.3 Silicon Carbide (SiC) Applications 

Silicon carbide MOSFETs enable higher switching 
frequencies, lower switching losses, and improved 
power density compared with conventional silicon 
devices. These advantages have accelerated their 
adoption in renewable energy systems, electric 
vehicle charging infrastructure, industrial drives, and 
high-efficiency power supplies. 

The fast switching transitions associated with SiC 
devices can generate significant dv/dt stress 
throughout the system. In these environments, gate 
drive transformers can provide excellent isolation 
and common-mode noise immunity while delivering 
the pulse fidelity required for reliable device 
operation. Careful attention should be given to 
leakage inductance, transformer bandwidth, and 
gate-drive layout to achieve optimal switching 
performance. 

6.4 Selected GaN Applications 

Gallium nitride (GaN) devices are increasingly used 
in high-frequency power conversion systems due to 
their low capacitance, fast switching capability, and 
high efficiency. In selected applications, gate drive 
transformers may be used to provide isolated 
gate-drive signals where low leakage inductance, 
adequate pulse fidelity, and appropriate gate-voltage 
requirements can be maintained. 

Because GaN devices typically operate with lower 
gate-drive voltages and faster switching transitions 
than conventional silicon devices, transformer 
selection and circuit implementation become 
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increasingly important. Designers should evaluate 
pulse fidelity, propagation characteristics, and 
gate-drive requirements carefully when considering 
transformer-coupled GaN gate-drive circuits. 

6.5 Industrial Power Supplies and 

Inverters 

Gate drive transformers are widely used in industrial 
power conversion equipment, including AC/DC 
power supplies, DC/DC converters, motor drives, 
UPS systems, and inverter platforms. These 
applications often involve elevated switching 
voltages, significant common-mode noise, and 
stringent reliability requirements. 

The inherent isolation provided by transformer 
coupling helps protect control circuitry while 
supporting reliable switching performance in 
demanding operating environments. In many cases, 
the ability to provide multiple isolated outputs from a 
single transformer further simplifies implementation 
in bridge-based converter topologies. 

6.6 Renewable Energy and Energy 

Storage Systems 

Solar inverters, battery energy storage systems, and 
other renewable energy applications frequently 
employ isolated gate-drive circuits to control 
high-voltage switching devices. Gate drive 
transformers provide a proven method of delivering 
isolated gate-drive signals while maintaining signal 
integrity in electrically noisy environments. 

Their combination of isolation capability, compact 
size, and robust operation makes them well suited 
for power conversion systems that must operate 
reliably over extended service lifetimes and across a 
wide range of environmental conditions. 

 

 

7  Transformer Selection Guidelines​
​
Selecting an appropriate gate drive transformer is 
essential for achieving reliable switching 
performance, maintaining waveform integrity, and 
ensuring long-term system reliability. Unlike 
conventional power transformers, gate drive 
transformers are optimized for pulse transmission 
rather than continuous power transfer. As a result, 
selection criteria are often driven by pulse 
characteristics, isolation requirements, and switching 
performance rather than power-handling capability 
alone. 

When evaluating a gate drive transformer, designers 
should consider the volt-second requirement of the 
application, turns ratio, isolation rating, leakage 
inductance, and package characteristics. These 
parameters directly influence pulse fidelity, switching 
behavior, and overall converter performance. 

7.1 ET Product Requirement 

One of the most important transformer selection 
parameters is the volt-second capability, commonly 
expressed as the ET product. The ET product 
represents the relationship between the applied 
voltage and the duration for which that voltage is 
applied to the transformer winding. 

The volt-second requirement is calculated as: 

 𝐸𝑇 = 𝑉 × 𝑡

Where: 
ET = Volt-second requirement (V·µs) 
V = Applied winding voltage (V) 
t = Pulse width (µs) 

The applied volt-seconds determine the change in 
magnetic flux within the transformer core. If the 
volt-second capability of the transformer is 
exceeded, the core may approach saturation, 
resulting in waveform distortion, increased 
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magnetizing current, and unreliable gate-drive 
performance. 

For reliable operation, the transformer's rated ET 
capability should exceed the maximum volt-second 
requirement of the application. 

Example Calculation 

Consider a gate driver that applies a 15 V pulse with 
a maximum pulse width of 8 µs. 

ET = 15 × 8 = 120 V·µs 

In this example, the selected transformer should 
provide an ET rating greater than 120 V·µs under 
the intended operating conditions. 

Higher drive voltages and longer pulse widths 
generally require higher ET capability. Designers 
should also consider operating temperature and 
switching frequency when evaluating available 
margin. 

7.2 Turns Ratio 

The turns ratio determines the relationship between 
the primary and secondary voltages of the 
transformer. 

The voltage relationship is given by:​
 

 
𝑉𝑠

𝑉𝑝 =
𝑁𝑠

𝑁𝑝

Where: 
Vs = Secondary voltage;  Vp = Primary voltage 
Ns = Secondary turns;  Np = Primary turns 

Many gate drive transformers employ a 1:1 turns 
ratio, allowing the gate-drive voltage applied to the 
primary winding to be reproduced at the secondary 
winding. This configuration simplifies design and is 
suitable for many MOSFET and IGBT gate-drive 
applications. 

In some cases, step-up or step-down ratios may be 
used to accommodate specific gate-drive voltage 
requirements. 

Step-Up Example 

If a transformer has a 1:2 turns ratio and the primary 
voltage is 5 V: 

Vs = 5 × (2/1) = 10 V 

Step-Down Example 

If a transformer has a 2:1 turns ratio and the primary 
voltage is 12 V: 

Vs = 12 × (1/2) = 6 V 

When selecting a turns ratio, designers should 
consider the required gate voltage, driver output 
capability, and voltage tolerances throughout the 
system. 

7.3 Isolation Requirements 

The primary purpose of a gate drive transformer is to 
provide galvanic isolation between the control 
circuitry and the power stage. Consequently, 
isolation performance is a critical selection criterion. 

Important considerations include: 

○​ Working voltage 
○​ Isolation voltage 
○​ Creepage distance 
○​ Clearance distance 
○​ Regulatory compliance requirements 

The required isolation level depends on system 
topology, operating voltage, environmental 
conditions, and applicable safety standards. 

Applications involving industrial equipment, 
renewable energy systems, and high-voltage power 
conversion often require enhanced isolation 
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characteristics to ensure safe operation and 
regulatory compliance. 

Designers should verify that the transformer's 
isolation specifications meet or exceed the 
requirements of the target application. 

7.4 Leakage Inductance 

Leakage inductance is one of the most significant 
parameters affecting gate-drive waveform quality. 

In an ideal transformer, all magnetic flux generated 
by the primary winding couples to the secondary 
winding. In practice, a portion of the magnetic flux 
does not couple completely between windings, 
resulting in leakage inductance. 

The voltage associated with leakage inductance is 
described by: 

 𝑉 = 𝐿 𝑑𝑖
𝑑𝑡

Where: 
V = Induced voltage 
L = Leakage inductance 
di/dt = Rate of change of current 

Excessive leakage inductance can contribute to: 

○​ Slower switching transitions 
○​ Increased ringing 
○​ Pulse distortion 
○​ Additional switching losses 
○​ Reduced gate-drive effectiveness 

Low leakage inductance becomes increasingly 
important in high-speed switching applications 
employing MOSFETs, SiC devices, and selected 
GaN implementations. 

Transformer winding structure, core geometry, and 
package construction all influence leakage 
inductance performance. 

 

7.5 Package Selection 

Mechanical and packaging considerations also play 
an important role in transformer selection. 

Gate drive transformers are available in both 
surface-mount (SMT) and through-hole 
configurations, allowing designers to balance 
manufacturing requirements, board space 
constraints, and isolation objectives. 

Surface-mount devices are often preferred in 
compact, automated assembly environments, while 
through-hole devices may be advantageous in 
applications requiring increased mechanical 
robustness or larger creepage distances. 

When evaluating package options, designers should 
consider: 

○​ Available PCB area 
○​ Isolation requirements 
○​ Assembly method 
○​ Environmental conditions 
○​ Mechanical reliability 
○​ Thermal considerations 

The selected package should satisfy both electrical 
and mechanical requirements while supporting the 
overall design objectives of the system. 

Selection Summary 

A successful gate drive transformer selection 
process requires balancing electrical performance, 
isolation capability, and mechanical constraints. ET 
product determines the transformer's ability to 
support the required pulse width without saturation, 
while turns ratio establishes the gate-drive voltage 
delivered to the switching device. Isolation 
characteristics ensure safe operation, leakage 
inductance influences pulse fidelity, and package 
selection affects implementation and 
manufacturability. 
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Careful evaluation of these parameters helps ensure 
reliable gate-drive performance across the full 
operating range of the application. 

7.6 Gate Charge Considerations 

In addition to isolation performance and pulse 
transmission characteristics, designers should also 
consider the gate-drive requirements of the 
switching device. MOSFETs, IGBTs, and 
wide-bandgap semiconductor devices behave 
primarily as capacitive loads at their gate terminals, 
requiring charge to be supplied and removed during 
each switching cycle. 

The total amount of charge required to switch the 
device is specified in the datasheet as the total gate 
charge (Qg). This parameter directly influences the 
gate-drive current required to achieve a desired 
switching speed. 

The average gate-drive current can be estimated 
using: 

 𝐼
𝐺
=

𝑄
𝐺

𝑡
𝑟

Where: 
IG = Gate-drive current (A) 
QG = Total gate charge (C) 
tr = Desired gate rise time (s) 

This relationship shows that faster switching 
transitions require higher gate-drive current. 
Although the gate drive transformer itself does not 
generate gate current, it must be capable of 
accurately transferring the drive pulse without 
excessive distortion or loss. 

Example Calculation 

Consider a MOSFET with a total gate charge of 100 
nC and a desired rise time of 50 ns. 

Ig = 100 nC / 50 ns = 2 A 

In this example, the gate-drive circuit must be 
capable of delivering approximately 2 A of peak gate 
current to achieve the desired switching speed. 

As switching speeds increase, transformer 
characteristics such as leakage inductance, winding 
capacitance, and coupling efficiency become 
increasingly important. Excessive leakage 
inductance can limit gate-drive current, slow 
switching transitions, and increase switching losses. 

Device Considerations 

Different semiconductor technologies present 
different gate-drive requirements: 

MOSFETs 

Power MOSFETs typically require moderate 
gate-drive voltages and relatively fast charging and 
discharging of the gate capacitance. Transformer 
selection is often driven by pulse fidelity, leakage 
inductance, and switching frequency. 

IGBTs 

IGBTs generally exhibit higher gate charge and may 
require larger gate-drive currents than similarly rated 
MOSFETs. Longer pulse widths and higher 
gate-drive energy requirements should be 
considered when evaluating transformer ET 
capability. 

Silicon Carbide (SiC) Devices 

SiC MOSFETs switch significantly faster than 
conventional silicon devices and often operate in 
environments with high dv/dt. Low leakage 
inductance and excellent pulse fidelity become 
particularly important for maintaining reliable 
switching performance. 

Selected GaN Devices 

Gallium nitride devices typically operate with lower 
gate voltages and very fast switching transitions. In 
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transformer-coupled gate-drive circuits, designers 
should carefully evaluate pulse fidelity, propagation 
characteristics, and parasitic elements to ensure the 
transformer can support the required switching 
performance. 

When selecting a gate drive transformer, the 
transformer's electrical characteristics should always 
be considered together with the gate-drive 
requirements of the target switching device. Proper 
matching of the transformer, driver, and 
semiconductor helps minimize switching losses, 
improve efficiency, and maintain reliable operation. 

 

8  Design Limitations and Tradeoffs​
​
Although gate drive transformers provide numerous 
advantages, they are not suitable for every 
application. Like all transformer-based solutions, 
they exhibit practical limitations that must be 
considered during circuit design and component 
selection. Understanding these tradeoffs helps 
designers avoid performance issues such as 
waveform distortion, core saturation, timing errors, 
and unreliable switching behavior. 

Many transformer-related challenges can be 
mitigated through proper transformer selection, 
circuit implementation, and PCB layout practices. 
However, these considerations should be evaluated 
early in the design process to ensure reliable 
operation under all expected operating conditions. 

8.1 Duty Cycle Constraints 

Unlike optocouplers and isolated gate-driver ICs, 
gate drive transformers cannot transfer a true DC 
signal. Transformer operation requires a changing 
magnetic flux within the core, meaning that only 
alternating or pulsed waveforms can be transmitted. 

As the duty cycle approaches 100%, the transformer 
experiences increasing volt-second stress and may 
eventually accumulate sufficient flux to approach 

saturation. Consequently, transformer-coupled 
gate-drive circuits are generally best suited for 
applications where periodic transformer reset can 
occur. 

Designers should carefully evaluate maximum pulse 
width and duty cycle requirements when selecting a 
transformer for a given application. 

8.2 Core Saturation 

Core saturation occurs when the magnetic flux 
density within the transformer core approaches the 
material's magnetic limits. Once saturation is 
reached, the transformer can no longer support 
proportional flux changes, resulting in significant 
waveform distortion and rapidly increasing 
magnetizing current. 

Core saturation is often caused by: 

○​ Excessive volt-seconds 
○​ Long pulse durations 
○​ Improper transformer selection 
○​ Flux imbalance 
○​ Inadequate reset intervals 

Common symptoms include: 

○​ Distorted gate-drive waveforms 
○​ Reduced secondary voltage 
○​ Excessive primary current 
○​ Increased device heating 
○​ Unreliable switching behavior 

Proper ET product selection is one of the most 
effective methods of preventing saturation-related 
problems. 

8.3 Pulse Width Distortion 

No transformer reproduces an input pulse perfectly. 
Parasitic elements such as leakage inductance, 
winding resistance, interwinding capacitance, and 
magnetizing inductance influence the shape of the 
transmitted waveform. 
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Pulse width distortion may appear as: 

○​ Rounded leading edges 
○​ Reduced pulse amplitude 
○​ Slower rise and fall times 
○​ Pulse asymmetry 
○​ Timing variations 

Although minor distortion is often acceptable, 
excessive distortion can alter switching performance 
and increase semiconductor losses. 

Pulse fidelity becomes increasingly important as 
switching frequencies increase and rise-time 
requirements become more demanding. 

8.4 Flux Walking 

Flux walking is a condition in which small 
asymmetries in the applied waveform cause 
magnetic flux to gradually accumulate within the 
transformer core over time. 

Even when a circuit appears balanced, slight 
differences in pulse width, propagation delay, or 
drive voltage can create a small net volt-second 
imbalance during each switching cycle. Over many 
cycles, this imbalance may shift the transformer's 
operating point toward saturation. 

Flux walking is particularly important in: 

○​ Push-pull converters 
○​ Half-bridge systems 
○​ Full-bridge systems 
○​ High-duty-cycle applications 

Proper transformer reset techniques and balanced 
drive waveforms help minimize the risk of flux 
accumulation. 

8.5 Reset Circuit Requirements 

Because gate drive transformers cannot sustain 
continuous DC excitation, the magnetic flux 
generated during one switching interval must be 

reset before the next cycle. Failure to reset the 
transformer properly can lead to flux accumulation 
and eventual saturation. 

Several techniques are commonly used to reset gate 
drive transformers: 

Capacitive Coupling 

A series capacitor in the primary circuit blocks DC 
components and helps maintain volt-second 
balance. This is one of the most common reset 
methods used in transformer-coupled gate-drive 
circuits. 

Symmetrical Drive Waveforms 

Push-pull and bridge-based drive circuits naturally 
provide positive and negative flux excursions that 
help maintain magnetic balance. 

Dedicated Reset Windings 

In some applications, an additional winding may be 
incorporated specifically to reset the transformer 
core between switching cycles. 

The appropriate reset method depends on converter 
topology, switching frequency, duty cycle, and 
transformer construction. 

8.6 Parasitic Effects and Layout 

Considerations 

Even when the transformer itself is properly 
selected, poor PCB layout can significantly degrade 
gate-drive performance. 

Important layout considerations include: 

○​ Minimizing gate-drive loop area 
○​ Reducing parasitic inductance 
○​ Maintaining short gate connections 
○​ Proper grounding practices 
○​ Controlling high dv/dt coupling paths 
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Parasitic inductance and capacitance can contribute 
to ringing, overshoot, undershoot, and switching 
instability. These effects become increasingly 
significant in high-speed MOSFET, SiC, and 
selected GaN applications. 

Careful component placement and PCB layout are 
therefore essential to achieving the full performance 
potential of a transformer-coupled gate-drive circuit. 

 

9  ICE Gate Drive Transformer ​
Solutions 

ICE Components offers a range of gate drive 
transformer solutions designed to support isolated 
gate-drive applications across industrial, power 
conversion, renewable energy, and transportation 
markets. These transformers are engineered to 
provide reliable pulse transmission, high isolation 
performance, and compact implementation while 
supporting the switching requirements of modern 
power semiconductor devices. 

The selection of a suitable gate drive transformer 
depends on several factors, including switching 
frequency, gate-drive voltage, isolation 
requirements, available PCB space, and overall 
converter topology. The following overview 
summarizes the primary application focus of ICE 
gate drive transformer families.​
​

 

Table 3. ICE GDT Series ET Ratings 

Series Key Features Typical 

Applications 

GT02 

Series 

Low-profile SMT, 

wide frequency 

range 

AC/DC and 

DC/DC 

converters 

GT03 

Series 

Low leakage 

inductance, high 

isolation 

performance 

MOSFET, IGBT, 

and SiC 

gate-drive 

circuits 

GT04 

Series 

High-isolation 

construction, 

increased 

creepage distance 

High-side drivers 

and industrial 

systems 

GT06 

Series 

AEC-Q200 

qualified, 

automotive-grade 

reliability 

Automotive 

power 

electronics and 

EV systems 

GT07 

Series 

High-creepage 

design, reinforced 

isolation 

High-voltage 

power 

conversion 

GT17005 Optimized for 

select TI 

gate-driver ICs: 

UCC5390SCD and 

SN6505B 

Isolated 

gate-driver 

applications 

XT 

Series 

Market's smallest 

gate drive 

transformer 

General 

gate-drive and 

signal isolation 

Table 4. ICE GDT Series Key Features and Applications 
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9.6 Selection Support 

ICE Components provides datasheets, technical resources, and application support to assist engineers in 
selecting the most appropriate gate drive transformer for their design.  

Reviewing the electrical specifications and performance characteristics of each transformer series is 
recommended during the early stages of system development to ensure optimal switching performance and 
long-term reliability. 
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Disclaimer 

The information contained in this document is provided for general reference and design guidance only. While ICE 
Components strives to ensure the accuracy and reliability of the information presented, no guarantees or warranties, express 

or implied, are made regarding its completeness, accuracy, or suitability for any particular application. 

Designers are responsible for independently evaluating, validating, and testing all products and circuits used in their 
applications to ensure compliance with applicable performance, safety, regulatory, and environmental requirements. 

Product specifications, availability, and performance characteristics are subject to change without notice. ICE Components 
assumes no liability for any damages, losses, or claims arising from the use of the information contained in this document or 

the use of any products referenced herein. 

For the latest product information, datasheets, and application support, please visit www.icecomponents.com or contact ICE 
Components directly. 
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