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Introduction

Features

This application note describes the design of a tiny
Flyback power supply.
It’s main purpose is to convert the rectified AC or DC
Input to DC regulated output voltage. The power
supply provides protection for this supply voltage,
isolates the rest of the network from the output, limits
the transient input voltage and protects against inrush
current at plug in. The board fully complies to the
EN55022 norm (Conductive average) and international
safety standards. The secondary side is regulated at
3.3V. The controller is switching with a fixed frequency
of 250 kHz. The heart of the power supply is the
controller LM3481 current mode PWM from National
Semiconductor.
The advantage of the proposed solution is using a
standard off the shelf transformer, small solution size
and high ambient operating temperature up to 85°C
(105°C possible).

The LM3481 integrates many features to simplify the
Flyback converter implementation:
■ Hysteretic under-voltage shutdown protects the
power stage from excessive stress if the input
voltage is below the required minimum operating
level.
■ Current mode control allows for simple type 2
control and protects the power MOSFET from overcurrent
■ Integrated 1A capable gate drive to provide rapid
switching of the power MOSFET.
■ Internal soft start
■ Pulse skipping at light load

Based on the presented solution higher output power
up to several Watt can also be achieved using the
LM3481.

Output: 330mWOUT
■ IOUT
= 0.1A

Operating Conditions
Input:
■ VIN (DC)
■ VIN (AC)

= 8.9V to 40V
= 24VAC
= 3.3V ±3%

Simplified Schematic (Block Diagram)
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FIGURE 1. Block Diagram
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Complete Schematic

FIGURE 2. Complete Schematic
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Bill of Material

TABLE 1. Bill of Material
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ton

Ic   Vp.dt 

Theory of Operation

0

Flyback Converter Theory

At the end of the conduction time t on, the collector
current reaches the value defined I C given by:

The basic flyback converter circuit is shown in
FIGURE 3. The power transistor TP operates as a
switch, which is alternately closed (i.e. the transistor
TP conducts in a saturated state) and opened (i.e. the
transistor TP is off). The secondary winding of the
transformer is phased so that the diode DS is reverse
biased, when the power transistor TP is closed. The
Figure shows the theoretical waveforms of current and
voltage at various points in the circuit under steady
state operating conditions. When the power transistor
TP conducts, the input supply VIN is applied across
the primary winding of the transformer and the diode
DS is non-conducting. Current rises linearly in the
primary winding until the transistor is switched off:

Vp  Lp

dic
dt

or

W 

Vin
ton
Lp

This results in an energy transfer from the input supply
to the primary inductance of the transformer:

W

1
Vin 2 * ton 2
Lp ( Ic) 2
2
2 Lp

When the transistor TP turns off, the collector current
IC falls rapidly to zero. The energy W stored in the
primary inductance of the SMT makes the voltage
across the primary and secondary windings reverse in
polarity. These reverse voltages increase rapidly until
the voltage across the secondary winding exceeds the
voltage across the output capacitor CS. The diode DS
starts to conduct and to transfer the energy, which
were stored in the primary inductance to the output
capacitor CS and the load RL.

dic Vp

dt
Lp

Where:
■ Vp
= Voltage across the primary winding
■ Lp
= Primary inductance of the transformer
■ Ic
= Collector current of the power transistor

FIGURE 3. Flyback converter theory
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Pin 

W
T

Vout 2
Rl

The relationship between Pin and Pout is:

Pout   * Pin
Where is the efficiency of the power conversion
between the input supply Vin and the output load RL.
Therefore:

Vout 2
Vin 2 * ton 2

ton
RL
2 LpT

 Vout 2  

Vin 2 * ton 2
ton * RL
2 LpT

RL
2 LpT
This relationship shows that the output voltage can be
stabilized against variations in the input voltage Vin or
the load RL by varying the on-time of the power
transistor (or duty cycle since the period T is supposed
to be constant).
 Vout  ton * Vin *

Where T is the period of operation that is:

Pin 

Pout 

Vin 2 * ton 2
2 LpT

The power delivered to the output load is:

Board Photos

FIGURE 4. Photos of the Board

FIGURE 5. Photos of the Board
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When the energy transfer is finished, the voltages VP
and Vs quickly fall to zero and the voltage VCE to VIN.
They remain at these respective values for the
remainder of the period. The diode DS is off. After a
dead time t0, the power transistor TP switches on
again and cycle repeats. During the dead time t0 and
the conduction period tON of the power transistor, the
load is supplied only by energy stored in the output
capacitor CS which holds the output voltage VOUT
substantially constant over every cycle.
The term “discontinuous mode” refers to the fact that
the current through the primary inductance goes to
zero before the start of the next cycle. The power
delivered by the input supply is V in to the primary
winding is given by:

RD-187

Specifications
Specification

Input

Switching frequency
Output

Isolation
Safety
EMI
Other

Model
Max output power (W)
DC Output

0.3W
3.3V

Voltage (DC)
Voltage (AC)
Efficiency (%)
(Hz)
Voltage (V)
Current (A)
Ripple (mVpp)
Ripple (mVpp) (20MHz bandwidth)
start up time (ms)
Hold up time (input failure)
Remote sensing
Remote on/off
Input/output

8.9VDC to 40VDC
24VAC
63%
250K
3.3V +/-3%
0.1A
32mV
18.8mV
50ms (VIN=8.5VDC, Iout=100%)
128ms @ 100% load
No
No
500VDC

Agency approvals
EN55022 Conductive average
cooling method
Ambient temperature range

None
Yes
None
-40°C to +85°C

Note 1 Maximum component height is 11mm. The over all size area is 20mm* 36.5mm.
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Waveforms
All measurements have been done ensuring the
shortest as possible probe connection (Figure 6).

FIGURE 6. Short Probe Connection

Plug in into the supply line
At plug in, the input voltage charges the input
capacitor with a low peak current due to the DCR of
the input filter.

FIGURE 7
CH1:
CH3:
CH4:

VIN (pin 10)
input Voltage
input Current

Vin:
24VDC
Vout:
3.3V@0.1A
Measurement done at
hot plug in
Max peak current: 1.68A

FIGURE 8
CH1:
CH3:
CH4:

VIN (pin 10)
input Voltage
input Current

Vin:
24VAC
Vout:
3.3V@0.1A
Measurement done at
hot plug in
Max peak current: 2.3A
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Start-Up Phase
As soon as the voltage on the pin 2 reaches the upper
voltage threshold of the UVLO logic, the device turns
into active mode and start switching smoothly due to
the internal soft start.
The following plot shows the voltage on the Vcc pin of
the LM3481 during start up phase. It can be seen from
the plots that it takes approx. 3.24ms for the power
supply to regulate.

FIGURE 9
CH1:
CH2:
CH3:
CH4:

VIN (pin 10)
VOUT
VCC (pin 9)
input Current

CH2:
CH1:

VIN (pin 10)
VOUT

Vin:
24VDC
Vout:
3.3V@0.1A
Measurement done at
plug in
Start up time: 3.24 ms

Time delay after plug in
To avoid disturbing the line during plug in the power
supply should wait at least this minimum time before
starting the DC/DC converters. This is to ensure that
all of the input storage capacitors have charged up to
the full available source power supply voltage before
starting up. This is done by adding a capacitor C14 on
the UVLO pin. The following plots show the timing
between the plug in and the 3.3V output at full load
with Vin min and max.

FIGURE 60
CH2:
CH1:

VIN (pin 10)
VOUT
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FIGURE 7

Vin:
8.5VDC
Vout:
3.3V@0.1A
Measurement done at
plug in
Delay time: 476 ms

8

Vin:
40VDC
Vout:
3.3V@0.1A
Measurement done at
plug in
Delay time: 50 ms
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One Complete Cycle
This plot shows in detail the drain-source voltage and
drain current of Q2 for one complete cycle in on mode.
The cycle can be divided into different phases as
shown on the plot of FIGURE 8FIGURE 8:
■ (1) Switch on phase
■ (2) Conducting phase
■ (3) Switch off phase
■ (4) Off phase which can be subdivided into
■ (5) Energy transfer phase
■ (6) Dead time

FIGURE 8

FIGURE 13. One complete cycle: VIN max with IOUT max
CH1:
CH4:

VD Q2
ID Q2

Vin:
40VDC
Vout:
3.3V@0.1A
Result: Edge of
continuous mode

FIGURE 14. One complete cycle: VIN max with IOUT min
CH1:
CH4:

VD Q2
ID Q2

Vin:
40VDC
Vout:
3.3V@15mA
Result: Discontinuous
mode

RD-187
FIGURE 95 One complete cycle: VIN min with IOUT max
CH1:
VD Q2
CH4:
ID Q2
NO INPUT FILTER

FIGURE 107. Output regulation: Minimum load at
24Vin DC

Vin:
8VDC
Vout:
3.3V@0.1A
Result: continuous mode

CH1:
VD Q2
CH4:
ID Q2
NO INPUT FILTER

FIGURE 16. One complete cycle: VIN min with IOUT min
CH1:
VD Q2
CH4:
ID Q2
NO INPUT FILTER
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Vin:
24VDC
Vout:
3.3V@15mA
Result: discontinuous
mode

FIGURE 118. Output regulation: Maximum load at
24Vin DC

Vin:
8VDC
Vout:
3.3V@15mA
Result: Discontinuous
mode

CH1:
VD Q2
CH4:
ID Q2
NO INPUT FILTER
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Vin:
24VDC
Vout:
3.3V@0.1A
Result: continuous mode

The fold back point is where the load on the output of
the power supply is increased until the Power supply
can no longer regulate and the voltage starts to fall.
The reason is that the drain current of Q2 is so large
that the current limit threshold is reached. This
effectively limits the energy that can be stored in the

FIGURE 12. Maximum output current at minimum
input voltage
CH1:
VD Q2
CH2:
VOUT
CH3:
VIN pin
Increasing output current

Vin:
8VDC
Vout:
3.3V
Result: Max output
current before the VOUT
drops: 115mA

transformer T1 and hence the energy that can be
transferred to the secondary side. The fold back point
is effectively a measure of the max output power of the
power supply and represents the worst case load on
the power supply. The next 2 plots show the output
voltage and the switching node under the condition of
minimum and maximum input voltage.

FIGURE 20, Maximum output current at maximum
input voltage
CH1:
VD Q2
CH2:
VOUT
Increasing output current

Vin:
40VDC
Vout:
3.3V
Result: Max output
current before the VOUT
drops: 295mA
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Fold back point
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Protection
Primary protection
The primary side inherits a cycle by cycle current
limitation, which means that the maximum transferable
power is limited and the secondary voltage will drop
down if this limit will be reached. The resistors R8
provides a proportional voltage to the drain current
and is used for the current sense input pin 1 of the
LM3481. If the voltage at R8 becomes high enough
the PWM of U1 uses this information to terminate the
output switch conduction. The typical I_sense signal is
0.16V.

Secondary protection: short circuit
For safety reasons and to fulfill short circuit
requirements, it has been ensured that no component
can overheat and burn in case of short circuit. At short
circuit the power supply reaches the fold back point
and provides a defined maximum current. So the
power supply cannot be damaged. As soon as the
short circuit is removed from the output, the power
supply will go back to the regulated voltage 3.3V.

FIGURE 22, Typical protection after short circuit of
the 3.3V
CH1:
VD Q2
CH2:
VOUT
CH3:
VIN pin
Short Circuit

FIGURE 21, Typical protection after short circuit of
the 3.3V
CH2:
VOUT
CH3:
VIN pin
Short Circuit

Vin:

Vin:

24VDC

FIGURE 23, Start up phase after that the short
circuit is removed

24VDC

CH2:
VOUT
CH3:
VIN pin
Short Circuit removed

Vin:

24VDC

Secondary protection: Over Voltage
If there is an open loop failure of the PWM regulation,
the 3.3V output increases and the voltage on the comp
pin 3 becomes higher and switches off the Mosfet. As
the internal over voltage protection is disabled due to
the pin VFB connected to ground, the output voltage
will increase. At 100mA output, the output voltage
reaches a maximum of 6.3V. To avoid this behavior a
3.9V zener diode 500mW can be connected in parallel
to the output.
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The following pictures show the efficiency for different
input configurations.
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FIGURE 13, Efficiency of the complete board
including the input filter at Vin=10V,24V,40V
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FIGURE 14, Efficiency of the complete board
without the input filter at Vin=9V,24V,40V
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FIGURE 156, Efficiency of the DC/DC part: no input
filter and no bridge
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Efficiency
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Ripple
The optional output LC filter is not needed due to the
low output ripple.

FIGURE 27, Output Ripple
CH2: VOUT (AC)
Vin: 24Vdc

FIGURE 28, Output Ripple
CH2: VOUT (AC)
Vin: 24Vdc

VOUT = 24mVpp
Full bandwidth

Snubber Network

This high dV/dt can be reduced by a clamp network.
There is a clamp network on the primary side with a
zener diode D5 and also a snubber across the
secondary diode D8.
The following plots show the voltage on the anode of
this diode with and without snubber network.

In switched mode power supplies, there is a high dV/dt
across the FET when it switches off. This is caused by
abruptly cutting off the current through the primary
inductance of the transformer. This high dV/dt is
undesirable for a number of reasons:
■ High switching losses in the FET
■ Cause EMI Emission
■ High output ripple

FIGURE 29, Switching Noise
CH2:
CH4:

VANODE DS
IDS
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VOUT = 18mVpp
20MHz Bandwidth

FIGURE 30, Switching Noise

Vin= 24V
VOUT=3.3V@0.1A
NO Snubber

CH2:
CH4:

14

VANODE DS
IDS

Vin= 24V
VOUT=3.3V@0.1A
WITH Snubber

Functional tests to ensure full reliability have been done with DC input voltage from 8.9V to 40V with an output
current of 100mA over an ambient temperature range from -40°C to +85°C.

Transient Measurement

FIGURE 16, Load Transient
The pk to pk voltage on the output 3V3 is 22Mv.
CH2:
CH4:

VOUT (AC)
IOUT

IOUT transition from
10mA to 100mA

330mW AC or DC Tiny Flyback Converter Power Supply

Thermal Behavior
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Frequency Domain Analysis (Stability)

FIGURE 32, Transfer function
Cross-over freq: 2.5kHz
Phase Margin: 90Deg

EN 55022 conductive EMI

FIGURE 33, Conductive EMI (Average only), Quasi-peak not measured.
www.national.com
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Transformer Specifications

FIGURE 17, Transformer Specifications
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Layout Design

FIGURE 18, TOP Solder

FIGURE 36, TOP Components

RD-187

FIGURE 37, Bottom Solder

FIGURE 198, BOTTOM Components
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2.1

2008-11-06
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Start up phase and Mosfet Derating
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CE printed on the PCB

2.5

2009-05-25

Change to new format

2.6

2010-04-21

2.7

2010-05-28
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project to generic project. Add conductive EMI
measurement result.
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pictures, schematic presentation, BOM
format.

330mW AC or DC Tiny Flyback Converter Power Supply

Revision History

RD-187
www.national.com

330mW AC or DC Tiny Flyback Converter Power Supply

Notes
For more National Semiconductor product information and proven design tools, visit the following Web sites at:
Products

Design Support

Amplifiers

www.national.com/amplifiers

WEBENCH® Tools

www.national.com/webench

Audio

www.national.com/audio

App Notes

www.national.com/appnotes

Clock

www.national.com/timing

Reference Designs

www.national.com/refdesigns

Data Converters

www.national.com/adc

Samples

www.national.com/samples

Interface

www.national.com/interface

Eval Boards

www.national.com/evalboards
www.national.com/packaging

LVDS

www.national.com/lvds

Packaging

Power Management

www.national.com/power

Green Compliance

www.national.com/quality/green

www.national.com/switchers

Distributors

www.national.com/contacts

LDOs

www.national.com/ldo

Quality and Reliability

www.national.com/quality

LED Lighting

www.national.com/led

Feedback/Support

www.national.com/feedback

Voltage Reference

www.national.com/vref

Design Made Easy

www.national.com/easy

PowerWise® Solutions

www.national.com/powerwise

Solutions

www.national.com/solutions

Serial Digital Interface (SDI)

www.national.com/sdi

Mil/Aero

www.national.com/milaero

Temperature Sensors

www.national.com/tempsensors

SolarMagic™

www.national.com/solarmagic

Wireless (PLL/VCO)

www.national.com/wireless

Analog University®

www.national.com/AU

Switching Regulators

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.
TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL’S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.
EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.
LIFE SUPPORT POLICY
NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:
Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to
perform can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.
National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All
other brand or product names may be trademarks or registered trademarks of their respective holders.

RD-187

Copyright© 2010 National Semiconductor Corporation
For the most current product information visit us at www.national.com
National Semiconductor
Americas Technical
Support Center
Email: support@nsc.com
Tel: 1-800-272-9959

www.national.com

National Semiconductor Europe
Technical Support Center
Email: europe.support@nsc.com

National Semiconductor Asia
Pacific Technical Support Center
Email: ap.support@nsc.com

National Semiconductor Japan
Technical Support Center
Email: jpn.feedback@nsc.com

IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.
TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information 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.
Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.
Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
Products

Applications

Audio

www.ti.com/audio

Automotive and Transportation www.ti.com/automotive

Amplifiers

amplifier.ti.com

Communications and Telecom www.ti.com/communications

Data Converters

dataconverter.ti.com

Computers and Peripherals

www.ti.com/computers

DLP® Products

www.dlp.com

Consumer Electronics

www.ti.com/consumer-apps

DSP

dsp.ti.com

Energy and Lighting

www.ti.com/energy

Clocks and Timers

www.ti.com/clocks

Industrial

www.ti.com/industrial

Interface

interface.ti.com

Medical

www.ti.com/medical

Logic

logic.ti.com

Security

www.ti.com/security

Power Mgmt

power.ti.com

Space, Avionics and Defense

www.ti.com/space-avionics-defense

Microcontrollers

microcontroller.ti.com

Video and Imaging

www.ti.com/video

RFID

www.ti-rfid.com

OMAP Mobile Processors

www.ti.com/omap

Wireless Connectivity

www.ti.com/wirelessconnectivity
TI E2E Community Home Page

e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated

