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

Features 
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 over-
current 

■ Integrated 1A capable gate drive to provide rapid 
switching of the power MOSFET. 

■ Internal soft start 
■ Pulse skipping at light load 

Operating Conditions 
Input: 

■ VIN (DC) = 8.9V to 40V 
■ VIN (AC) = 24VAC 
 

Output: 330mWOUT = 3.3V ±3% 
■ IOUT = 0.1A 

 
 

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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Theory of Operation 

Flyback Converter Theory 
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: 

dt

dic
LpVp   or 

Lp

Vp

dt

dic
  

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

 
ton

t
Lp

Vin
dtVpIc

0
..  

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

ton
Lp

Vin
W   

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

Lp

tonVin
IcLpW

2

*
)(

2

1 22
2  

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. 
 
 

 

FIGURE 3. Flyback converter theory
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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: 

T

W
Pin   

Where T is the period of operation that is: 

LpT

tonVin
Pin

2

* 22

  

The power delivered to the output load is: 

Rl

Vout
Pout

2

  

The relationship between Pin and Pout is: 
 

PinPout *  
 
Where is the efficiency of the power conversion 
between the input supply Vin and the output load RL. 
Therefore: 

 ton
LpT

tonVin

RL

Vout

2

* 222

  

 RLton
LpT

tonVin
Vout *

2

* 22
2   

 
LpT

RL
VintonVout

2
**


  

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). 
 

 
 

Board Photos 
 

 

FIGURE 4. Photos of the Board 

 

FIGURE 5. Photos of the Board 
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Specifications 
 
Specification Model  

  Max output power (W) 0.3W 

  DC Output 3.3V   

      

Input Voltage (DC) 8.9VDC to 40VDC 

  Voltage (AC) 24VAC 

  Efficiency (%) 63% 

 Switching frequency   (Hz)  250K 

Output Voltage (V) 3.3V +/-3% 

  Current (A) 0.1A 

  Ripple (mVpp) 32mV 

  Ripple (mVpp) (20MHz bandwidth) 18.8mV 

  start up time (ms) 50ms (VIN=8.5VDC, Iout=100%) 

   Hold up time (input failure)  128ms @ 100% load 

  Remote sensing No 

  Remote on/off No 

Isolation Input/output 500VDC 

    

Safety Agency approvals None 

 EMI   EN55022 Conductive average Yes  

Other cooling method None 

  Ambient temperature range  -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 

 

 

FIGURE 8 

 

 
 

Vin: 24VAC 
Vout: 3.3V@0.1A 
Measurement done at 
hot plug in 
Max peak current: 2.3A 

CH1: VIN (pin 10) 
CH3: input Voltage 
CH4: input Current 

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

CH1: VIN (pin 10) 
CH3: input Voltage 
CH4: input Current 
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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 

 
 

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 

 

 

 

FIGURE 7 

 

Vin: 40VDC 
Vout: 3.3V@0.1A 
Measurement done at 
plug in 
Delay time: 50 ms 

CH2: VIN (pin 10) 
CH1: VOUT 

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

CH2: VIN (pin 10) 
CH1: VOUT 

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

CH1: VIN (pin 10) 
CH2: VOUT 
CH3: VCC (pin 9) 
CH4: input Current 



 

R
D

-187
 

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 

 

 

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

 

 
 

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

CH1: VD Q2 
CH4: ID Q2 

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

CH1: VD Q2 
CH4: ID Q2 
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FIGURE 95 One complete cycle: VIN min with IOUT max 

 

 

 

FIGURE 16. One complete cycle: VIN min with IOUT min 

 

 

 

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

 

 

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

 

 
 

Vin: 24VDC 
Vout: 3.3V@0.1A 
Result: continuous mode 

CH1: VD Q2 
CH4: ID Q2 
NO INPUT FILTER 

Vin: 24VDC 
Vout: 3.3V@15mA 
Result: discontinuous 
mode 

CH1: VD Q2 
CH4: ID Q2 
NO INPUT FILTER 

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

CH1: VD Q2 
CH4: ID Q2 
NO INPUT FILTER 

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

CH1: VD Q2 
CH4: ID Q2 
NO INPUT FILTER 
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Fold back point 
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 

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 12. Maximum output current at minimum 
input voltage 

 

 

FIGURE 20, Maximum output current at maximum 
input voltage 

 

 
 

Vin: 40VDC 
Vout: 3.3V 
Result: Max output 
current before the VOUT 
drops: 295mA 

CH1: VD Q2 
CH2: VOUT 
Increasing output current 

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

CH1: VD Q2 
CH2: VOUT 
CH3: VIN pin 
Increasing output current 
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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 21, Typical protection after short circuit of 
the 3.3V 

 

 

 

FIGURE 22, Typical protection after short circuit of 
the 3.3V 

 

 

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

 

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. 
 

 

Vin: 24VDC CH2: VOUT 
CH3: VIN pin 
Short Circuit removed 

Vin: 24VDC CH1: VD Q2 
CH2: VOUT 
CH3: VIN pin 
Short Circuit 

Vin: 24VDC CH2: VOUT 
CH3: VIN pin 
Short Circuit 
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Efficiency 
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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Ripple 
The optional output LC filter is not needed due to the 
low output ripple. 
 

 
 
 

 

FIGURE 27, Output Ripple 

 

 

FIGURE 28, Output Ripple 

 

 

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 

 
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. 
 
 
 

 

 

FIGURE 29, Switching Noise 

 

 

FIGURE 30, Switching Noise 

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

CH2: VANODE DS 
CH4: IDS 

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

CH2: VANODE DS 
CH4: IDS 

VOUT = 18mVpp 
20MHz Bandwidth

CH2: VOUT (AC) 
Vin: 24Vdc 

VOUT = 24mVpp 
Full bandwidth 

CH2: VOUT (AC) 
Vin: 24Vdc  
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Thermal Behavior 
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. 

 

IOUT transition from 
10mA to 100mA 

CH2: VOUT (AC) 
CH4: IOUT 
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Frequency Domain Analysis (Stability) 
 

 

FIGURE 32, Transfer function 

 
EN 55022 conductive EMI 

 

FIGURE 33, Conductive EMI (Average only), Quasi-peak not measured.

Cross-over freq: 2.5kHz 
Phase Margin: 90Deg 
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Transformer Specifications 

 

 

FIGURE 17, Transformer Specifications 
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Layout Design 

FIGURE 18, TOP Solder 

FIGURE 36, TOP Components 

FIGURE 37, Bottom Solder 

FIGURE 198, BOTTOM Components 
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2.1 2008-11-06 Minor corrections in description 

2.2 2008-11-07 Minor corrections in description and units 

2.3 2009-02-12 Start up phase and Mosfet Derating 

2.4 2009-03-23 CE printed on the PCB 

2.5 2009-05-25 Change to new format 

2.6 2010-04-21 
Change application scope from custom 
project to generic project. Add conductive EMI 
measurement result. 
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Notes 
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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
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