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High voltage power supplies are ubiquitous whether you are designing an AC/DC adapter or your high voltage
on-board power supply for industrial applications. You find them commonly to step down your high voltage

input voltage to a lower intermediate voltage before you power your point-of-load (POL) converters. The design
of these front-end power supplies pose unique challenges from the requirements that they have. This post is
intended to give you a basic understanding of high-voltage power-supply design, and how design tools can make
it simple to design for these applications. There are three main things that you need while designing for your
AC/DC or high-voltage DC/DC application.

1. Understand Your System Requirements.

Most of you know where your end equipment will be used and whether you will need a universal voltage range
(85V to 265V) or region-specific voltages such as U.S. (120V), Japan (100V), U.K. (230V) or China (220V). Also,
are you designing for a charger-type application or an on-board power supply? Are you designing for a supply
that needs tight output-voltage regulation? What type of isolation requirements do you have?

The answers to each of these questions will help you make appropriate trade-offs while you design. Designing
for universal voltage ranges ensures operability across different parts of the globe at the expense of higher
voltage-/current-rated components, which come at a higher price and footprint. Charger-type supplies typically
require a constant-voltage/constant-current (CV/CC) characteristic. So selecting a controller that meets this
requirement is essential.

If your power supply requires tight regulation of the output, you need to consider secondary-side regulated
controllers that tightly regulate the voltage on the secondary, versus primary-side controller regulators where the
output could vary with changes in the transformer or secondary diode parameters. Certain applications require
that your transformer provide a certain class of isolation for safer, robust end equipment.
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TI's WEBENCH® High-Voltage Power Designer is an easy to use tool to design your AC/DC or HV-DC/DC
applications. You simply enter your voltage and current requirements and find solutions that work for your
application. With the optimizer dial, you can optimize your design for cost, footprint and efficiency based on your
system needs. To get started, visit the WEBENCH panel on ti.com. Figure 1 shows a view of the power solutions
generated by WEBENCH Power Designer.
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Figure 1. WEBENCH Power Designer with High Voltage Solutions

Figure 2 shows an AC/DC flyback using primary-side regulation that provides a low-cost, low-footprint solution,
as well as loose regulation of the output on the secondary. Figure 3 shows an AC/DC flyback in secondary-

side regulation using optocoupler feedback, which is more expensive but provides tighter regulation on the
secondary.

Figure 2. AC/DC Flyback with Primary-side Regulation
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Figure 3. AC/DC Flyback with Secondary-side Regulation Using Optocoupler Feedback

2. Select the Right Topology/control Scheme.

At low power (greater than 10W and less than 100W), flyback is the most widely used topology. Forward

and half-bridge topologies typically serve power levels from 100W to 500W, with full-bridge topologies serving
>500W. Theoretically, you could build a flyback for high power levels too, but the voltage/current stress on the
components makes this topology require higher voltage-/current-rated components, which are expensive and
bulky. This paves the way for the natural adoption of other topologies at higher power levels.

You could design the controller to operate in continuous conduction mode (CCM) (the magnetizing current in the
transformer does not reach zero), discontinuous conduction mode (DCM) (the magnetizing current reaches zero
and stays zero till the next switching cycle), or transition mode (TM) (the magnetizing current reaches zero and
the next switching cycle starts immediately). CCM is typical for higher power levels, while DCM and TM provide
lower-loss solutions.

WEBENCH Power Designer saves you time and effort by creating the complete design for the topology using the
necessary equations depending on the device and its operating mode. The tool also lets you evaluate efficiency
and also other parameters such as output ripple, the RMS currents, losses etc. at various operating points within
the design range.

3. Design Your Transformer.

One of the main things required in a good high-voltage power supply design is designing the transformer
correctly for your applications. The transformer is generally the energy-conversion element in a high-voltage
design, which also provides isolation between the primary and secondary.
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By definition, transformers do not store energy, but transfer energy from the primary to the secondary. This is
one of the main reasons why people refer to flyback transformers as coupled inductors, because components in
the flyback topology store energy during the on-time of the switching cycle and then transfer that energy to the
secondary during the off-time.

Transformers typically have a core (which is the magnetic element); the bobbin (or coil former), which is the
plastic housing for the core (see Figure 4); and the wire that gets wound on the core-bobbin structure.

Figure 4. Core, Coil Former and Assembled Transformer

Assembled pre-built transformers are readily available from manufacturers with a fixed turns ratio (Ns/Np) and
primary inductance (the magnetizing inductance of the transformer that causes energy to build up). Depending
on the operating frequency and output power levels, the requirements for the primary inductance and the

turns ratio vary widely, and a pre-assembled off-the-shelf transformer might not be available. In such cases,
selecting a transformer core and bobbin and winding the transformer will be necessary. This requires an in-depth
knowledge of transformer magnetics.

WEBENCH design tools now give you the ability to design the transformer by selecting the core and bobbin that
meet the requirements and also provides the winding structure details as well. You can click on the transformer
symbol in the schematic to view and download the transformer details and also to change the transformer core/
bobbin combination. Figure 5 shows a view of the transformer design window giving you the various core/bobbin
combinations for a specific design requirement. You can also compare different transformers in terms of height,
losses (core/copper losses), footprint and cost. If you have a preference for a specific core type or material, use
the transformer listing to pick the one that is appropriate for your needs.

The transformer construction diagram gives you instructions on how to wind the transformer. This along with

the transformer construction details table gives you information on the number of layers, strands, the AWG

of the wire and more. You can also download the transformer design report as shown in Figure 6 to get this
information. This will simplify your effort to build the transformer whether you are prototyping it yourself or having
it wound by a transformer winding company.

Figure 5. Transformer Design Capability in WEBENCH
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Figure 6. Transformer Design Report

Additional Resources

» Start a design in WEBENCH high voltage designer with TI's UCC28C42 high-performance, current-mode
PWM controller.

» Access thousands of power supply reference designs from the Tl Designs library.

* Download “Control Challenges for Low Power AC/DC Converters” from the 2014 Power Supply Design
Seminar (myTI login required).
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