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Achieving more efficient electrical power
conversion is a key technical goal in a world with
a growing population and an ever-expanding need
for energy.
One important innovation that promises to contribute significantly to meeting this goal
is the use of gallium-nitride (GaN) in power applications. GaN is already an established
semiconductor material, employed extensively in LED lighting and increasingly important
in wireless applications. Now, with process advances and defect rate improvements,
GaN is providing a number of advantages in electronic power supplies that convert
electricity between alternating and direct current, change voltage levels and perform a
number of functions to ensure the availability of reliable electric power.
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Figure 1 shows the flow of a generalized SMPS.
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GaN has important advantages over silicon for
power supply switching because it offers lower
losses at higher voltages. It also uses less energy to
turn on and off. Si switches have improved greatly
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voltage, GaN offers a significant improvement that
is unlikely to be matched by Si. Today, Si MOSFETs
have a sizeable cost advantage over GaN, but over
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time that cost differential will be reduced.

Figure 1. Generic functions of a switched-mode power supply.

GaN switching devices are offered over a wide
range of operating voltages. They offer power
designers the opportunity to reduce the physical

Traditionally, power switches have been silicon

size of their solution by operating at higher switching

MOSFETs (metal-on-silicon field-effect transistors),

frequencies while maintaining desired efficiencies

but are now being replaced by GaN FETs.
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for a very large range of input and output voltages.

power supply design. Previous uses of GaN in LEDs

Applications where GaN is most valuable tend to

and wireless applications might give the impression

be those where the power solution needs to be

that the technology was ready for power supplies,

miniaturized as much as possible.

too. But, in fact, significant process and device

Figure 2 shows the basic structure of a GaN

development was required to use GaN in power
FETs and have slowed product development.

transistor. As discussed earlier, the GaN material

Moreover, differences in new FETs from their Si

is on a Si substrate. By doing this we get the
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design complexities issue by issue. Traditional

comes from the higher band gap voltage.

GaN devices are normally on, or in depletion
mode, whereas Si MOSFETs are enhancementmode devices that are normally off. In order to
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Replacing a Si MOSFET with a GaN FET is only the
beginning of the redesign. The higher frequency
capability of a GaN transistor demands greater
timing precision in the switch driving signal, and the

Figure 2. Cross section of an enhancement mode GaN FET.

switches are highly sensitive to parasitic impedances
from packages, interconnect and outside sources.

Semiconductors exist as a class of materials

Integrated Si-based GaN drivers that turn GaN

because of band gap energy—the jump in voltage

switches on and off at high speeds have helped

required to change the material from an insulator to

move GaN-enabled SMPS design along. Mature

a conductor. The band gap energy of 3.2 electron-

Si processes enable the development of these

volts (eV) that GaN offers is nearly three times that

extremely precise, high-frequency tunable drivers.

of Si. Theoretically, this higher band gap means

For example, TI’s LM5113 gate driver was created

better performance at higher temperatures, because

to control high- and low-side enhancement-mode

more heat can be sustained before the substance

GaN power switches at medium voltage levels. The

becomes conductive. In the future, this feature may

gate driver integrates the required components to

improve GaN performance in automotive, industrial

optimize the performance of GaN switches. This

and other high-temperature environments.

integration not only reduces board space but also
helps simplify the design. In addition to achieving

The GaN learning curve in SMPS
design

high-precision drive timing with minimal delay,
the device also provides important protections

For the many advantages GaN offers, the

for the efficient, precise operation of the GaN

technology is just beginning to find its way into
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Figure 3. Integrated GaN switch-gate driver module.

Combined in use with fast, precise power

pulsed output of the switch. A well-designed

management control, GaN gate drivers have

module could reduce the parasitic factors of a multi-

considerably advanced GaN-based SMPS design.

chip design considerably, some of them by an order

However, the gate drivers by themselves are limited

of magnitude or more.

in how much optimization they can offer. Even the

Another important factor in supplying system-level

shortest possible traces between the driver and the

solutions is the controller-regulator, which has to

GaN switch give rise to delays that vary according

operate at the higher frequencies enabled by GaN.

to the design.

This device must respond to changes in the output

Future IC solutions will need to control variability

voltages in real time. The time resolution must

issues resulting from the layout and design of

also meet the precise pulse width requirements to

passive components, since these are all-important

minimize conduction losses during the dead time.

in coupling the driver and switch. Because the

Fortunately, digital power controllers are available

two devices are based on different materials with

to support these requirements, offering additional

widely different properties, they probably will not

performance and I/O functions that can be used

be integrated economically in a single chip (die)

elsewhere in the system. TI offers in-depth expertise

in the near future. However, a single-package

in digital power control, which combines with the

module (Figure 3) that integrates the FETs, driver

company’s power supply technology to provide

and passive devices supporting the switch would

system-level solutions for GaN regulation and

considerably reduce the area and component count

controlled switching.

of the SMPS. This size reduction would also mean a

Also needed are magnetics for GaN-based designs,

reduction in system manufacturing costs, along with

since these components are still scaled for silicon-

the increased efficiency of GaN-based design.

enabled frequencies. TI collaborates with power

Just as important as scaling down the solution

supply manufacturers and GaN research institutions

is decreasing design complexity. A driver-switch

to continuously press magnetics suppliers for these

module would reduce inter-chip connections to the

components, but much depends on the market.

shortest possible lengths, minimizing the delay times

As GaN-based power component availability and

and parasitic impedances that serve to distort the

volume increases, magnetics suppliers will get
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volume requests from their customers to introduce

conversion. These differentiated solutions will help to

components scaled for the technology. Once these

simplify design, save space and reduce component

and other enabling factors are in place, the industry

counts while minimizing the signal delays and stray

will be able to leverage the benefits of GaN in many

interferences that reduce efficient operation.

power supply applications.

As products appear that offer these advantages,

GaN innovation for tomorrow’s needs

SMPS developers will be able to design higher-

The world’s growing population and rising

The success of these systems will push GaN into

development create an ever-increasing demand
for electricity, while environmental issues increase
the need to do more with less energy. As we try
to address these needs, the world will benefit
from innovations that help us deliver, convert and
consume electrical power more efficiently, resulting
in technologies that improve and enhance our lives.

performance systems at a faster time-to-market.
new application areas, both at the high-power,
industrial end of the scale and at the low-power,
mass-market end. Modules and other key parts
of system-level solutions will help us realize the
full potential that GaN technology offers in power
supply efficiency.

GaN is one such innovation that promises to
help us get more out of our energy resources by
minimizing power losses in electrical conversion.
Rising to GaN’s challenges, TI is leveraging its
leadership in power and commitment to research

For more information, visit:
TI’s GaN web page
TI power management solutions

and development to create solutions that reduce the
complications that arise with high-frequency power

Important Notice: The products and services of Texas Instruments Incorporated and its subsidiaries described herein are sold subject to TI’s standard terms and
conditions of sale. Customers are advised to obtain the most current and complete information about TI products and services before placing orders. TI assumes
no liability for applications assistance, customer’s applications or product designs, software performance, or infringement of patents. The publication of information
regarding any other company’s products or services does not constitute TI’s approval, warranty or endorsement thereof.
The platform bar is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

© 2017 Texas Instruments Incorporated

SSZY017

IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES
Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated

