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1 Introduction 
 
This technical report describes the retrofit power supply. 
The main purpose of the power supply is to convert the rectified AC Input to DC 
regulated current for 6 LEDs. The power supply provides protection for the LEDs, 
limits the transient input voltage and protect against inrush current at plug in. The 
overall power supply conformity (e.g. mains harmonics (EN), mains interference, 
international safety standards etc.) are not approved for all the applicable European 
Norms (EN).  
 
The principle of this power supply is a step down. It is regulated by the 350 mA 
average current with a fixed Toff time. 
At the heart of the power supply is the controller LM3445 current mode control from 
National Semiconductor. The LM3445 switching frequency is set at a nominal 45 
kHz. 
With the LM3445 National Semiconductor provides a device that avoids visible 
flickering caused by a TRIAC forward or reverse phase dimmer. The LM3445 
overcomes this challenge by translating the TRIAC-chopped waveform to a DIM 
signal and decoding it to a DC signal. In fact, the LED current is linearly regulated 
according to the dimming signal. 
 
The LM3445 integrates many features to simplify the compatibility with Triac dimmer: 
 

• Triac dim decoder circuit for LED dimming 

• Adjustable switching frequency  

• Low quiescent current  

• Triac dim decoder circuit for LED dimming 

• Adaptive programmable off-time allows for constant ripple current 

• Thermal shutdown 

• No 100Hz flicker 

• Patent pending drive architecture 
 
The report includes schematic, design description, bill of materials listing as well as a 
full set of performance measurements taken from a prototype unit.  
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Figure 1: 

 

 
 
 
This LED retrofit power supply is used with a standard Triac dimmer  
The LM3445 contains all the necessary circuitry to build a line powered (mains 
powered) constant current LED driver whose output current can be controlled with a 
conventional triac dimmer. 
 
The main source can be either 120VAC (60Hz), 240VAC (50Hz) or both, it is only 
matter of Electrolytic capacitor at the input stage. 
 
Figure 2 shows a diagram of the Triac dimmer, LED Driver and the 7 W retrofit 
LEDs.  
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2 Specifications 
 

Specification Model NSCE0144 

  Max input power (W) 9W 
  DC Output current 350mA
  Nb of LEDs 

LEDs 
6
……….. 

Input Voltage (AC) 180VAC …..265 VAC 
  PF 0.92 
  Efficiency (%) 77.7% 
      

Output Voltage (VF) 19V +/-20% 
  Current (A) 0.350A 
  Ripple (mApp) 400mA 
    
  Start up time (ms) 10ms (VAC=230VAC, 

Iout=100%) 
  Hold up time (input failure)  28ms @ 100% load 
  Remote sensing Forward  Triac 

dimmer  
  Remote on/off Yes, ON/OFF switch 

Isolation Input/output No 
    

Standards Safety Agency approvals 
IEC 61000-3-2 CLASS C 

No 
Yes 

  EN55022 conduction 
EN55022 radiation 

No, over the limit 
No, not measured 

Other cooling method Non  
  Temperature range  -25°C  to  +65°C 

 
 
Maximum component height is 25mm. The overall size area is 35mm diameter.   
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3 Basic Theory 

3.1 Converter Theory 

One of the main points is the angle detect and Dim decoder to translate the trigger 
point into a dc current. National Semiconductor has introduced the LM3445 LED 
driver that integrates most of these functions needed to translate a TRIAC dimmer 
angle into an average current running through a number of LEDs. On the schematic 
figure 5, on the top left side we see the entry point for the AC signal, this AC signal is 
first rectified using a diode bridge. Then is translated to a lower voltage level by a 
bleeder circuit and is fed to the BLDR pin of the LM3445. 
 
The external bleeder circuit translates the rectified signal to a lower voltage level 
signal via R1, R2, Q1, D6 and is fed to the BLDR pin of the LM3445.The main 
function of R7 is to ensure that a minimal amount of current is drawn even at light 
loads, to make sure the TRIAC in the dimmer remains conductive. 
When the valley fill circuit composed by C1, C3, D2, D4, D5 and R5 is drawing 
current from the line (bulk capacitors charging in series) there is plenty of input line 
current holding the TRIAC on state. When the valley fill circuit stops charging the 
capacitors, the output power (LED current) is being delivered by the bulk capacitors, 
and the line current through the TRIAC became very small. A simple Circuit 
composed by R6, Q2, D7 and R8 is used to add holding current when valley fill 
diodes D2, D5 are conducting. 
This simple circuit will reduce the power consumption of the holding circuit (Q1) and 
increase the overall efficiency.  
 
The valley-fill circuit is used to avoid high peak current during charge of the input bulk 
capacitor. This high input current seen in the 230V line generates high harmonics 
distortion and therefore is an obstacle to meet the European standard EN-61000-3-2 
class C and has a poor power factor. To avoid this, a valley-fill circuit is used.  
To be in line with the UL safety standard norm, we implemented a varistor protection 
on the primary side to absorb any high peak voltages. At plug in, the input voltage 
charges the input capacitors C1 and C3 with a low peak current due to the inrush 
current limiter RT1.  
 
The cycle by cycle current limitation controls the maximum power in case of short 
circuit or an excessive load. If the voltage across R14 rises above 1.27V, the PWM 
uses this information to terminate the Mosfet conduction. A delay circuit will prevent 
the start of another cycle for 180 µs.  
In case of open LEDs, the voltage across the capacitor C4 will become higher and 
clamp to the input voltage, this capacitor has been selected to support 500V. 
 
The mains filter is located at the input, consisting of L1’ and C2 used to fulfill the 
EN55022 norm. This filter is necessary to minimize interference transmission from 
the power supply to the mains and vice versa. The switching frequency has been 
adjusted close to 50 kHz to keep an easy input filter. 
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This converter will operate in continuous conduction mode at full power and 
discontinuous mode at low power during dimming. To eliminate most of the ripple 
current seen in the inductor, it is possible to have a 1  capacitor in parallel to C4. 
This LED driver uses a constant off-time control to regulate current through a string 
of LEDs. The resistor R15 and capacitor C7 create a constant current ramp which is 
fed into the  pin and thus generates the  time. While Mosfet Q3 is conducting, 

the LED current increases through the inductance until reaching the reference FLTR2 
fixed by the TRIAC dimmer. With this reference peak current reached the Mosfet 
turns OFF and diode D8 conducts during the period . That means by varying 

FLTR2 pin (reference) by the TRIAC dimming, the current through the LED is 
varying. Hence we achieve dimming. 
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4 Block diagram 
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5 Schematic 
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6 Bill of Materials 
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7 Start up phase 

7.1 Plug in into the network line 

At plug in, the input voltage charges the input capacitor with a low peak current due 
to the DCR of the input filter and the NTC.  
As soon as the voltage on the pin 9 reaches the voltage threshold of the VCC, the 
device turns into active mode and start switching. 
 

CH3: input Current 
CH4: LED Current 
 
Condition : 
Measurement done 
at hot plug in 
Vin: 180VAC 
Vout:6 LEDs@0.35A 
 
Max peak current: 
0.45A 

 
CH3: input Current 
CH4: LED Current 
 
Condition: 
Measurement done 
at hot plug in 
Vin: 265VAC 
Vout:6 LEDs@0.35A 
 
Max peak current: 
0.4 A 
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7.2 Holding time 

 
The LED current must wait at least this minimum time before switching off the AC/DC 
converters. This is to ensure that any peak current is seen in the main during main 
disturbances.  
The following plot shows the timing between the plug out and LED current off with Vin 
230VAC. 
 

CH1: Drain voltage  
CH2: LED  current 
 
Condition : 
Measurement done 
at plug out 
Vin: 230VAC 
Vout:6LEDs@0.35A 
 
Holding time: 
28 ms  
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8 Measurement 
 

8.1 One complete cycle: 

This plot shows in detail the drain source voltage and drain current of Q3 for one 
complete cycle in on mode. 
The cycle can be divided into different phases as shown on the plot: 
 
1. Switch on phase 
2. Conducting phase 
3. Switch off phase 
4. Off phase, Energy released into the load 
 
 

 
 
CH1: VD Q3 
CH4: ID Q3 
 

 1 3 
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8.2 One complete 50 Hz cycle: VIN max with max power 

 

CH1: VD Q3 
CH4: Inductor 
current 
 
Condition: 
Vin: 265VDC 
Vout: 6 
LEDs@0.35A 
 
 
 

 
 

8.3 One complete PWM cycle: VIN max with max power 

CH1: VD Q3 
CH4: Inductor 
current 
 
Condition: 
Vin: 265VAC 
Vout: 6 
LEDs@0.35A 
 
Zoom of the max 
drain voltage 
VD max: 380Vdc 
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8.4 One complete 50 Hz cycle: VIN min with max power 

CH1: VD Q3 
CH4: Inductor 
current 
 
Condition: 
Vin: 180VAC 
Vout: 6 
LEDs@0.35A 
 
  

 
 

8.5 One complete PWM cycle: VIN min with max power 

CH1: VD Q3 
CH4: Inductor 
current 
 
Condition: 
Vin: 180VAC 
Vout: 6 
LEDs@0.35A 
 
Zoom of the min 
drain voltage 
VD min: 130Vdc 
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8.6 Output regulation: Ripple current at 180Vin AC 

 

CH4: LED 
current 
 
Condition: 
Vin: 180VAC 
Vout: 6 
LEDs@0.353A 
 
 
No output 
capacitor 

 
 

8.7 Output regulation: Ripple current at 265Vin AC 

 

CH4: LED 
current 
 
Condition: 
Vin: 265VAC 
Vout: 6 
LEDs@0.346A 
 
Peak to peak 
Ripple 
current :410mA 
 
No output 
capacitor 
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8.8 Dimming 

 
 
A simple Circuit composed by R6, Q2, D7 and R8 is used to add holding current 
when valley fill diodes D2, D5 are conducting. 
This simple circuit will reduce the power consumption of the holding circuit (Q1) and 
increase the overall efficiency. The Ch3 shows Q2 p mosfet ON when the output cap 
are in parallel discharging to the LEDs via the diode D2 and D5. 
Only forward phase Triac dimmer can be used. To make it working with a reverse 
phase Triac, a simple circuit must implemented. 
 

CH1: Q3 drain  
CH3: Q2 drain 
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The following plots show dimming at different phase. 
 

CH1: VD Q3 
CH4: LED 
current 
 
No dimming 0% 
Output current. 
:346mA 
 
 

 
 

CH1: VD Q3 
CH4: LED 
current 
CH2: Input 
current 
 
Triac Chopped 
waveform around 
50% 
Test done with a 
Triac dimmer. 
 
Output current. 
:78mA 
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CH1: VD Q3 
CH4: LED 
current 
CH2: Input 
current 
 
Triac Chopped 
waveform around 
70% 
Test done with a 
Triac dimmer. 
 
Output current. 
:50mA 
 

 
 

CH1: VD Q3 
CH4: LED 
current 
CH2: Input 
current 
 
Dimming close 
to maximum 
90% 
Test done with a 
Triac dimmer. 
 
Output current. 
:10mA 
 

 

 

8.9 Protection 

For safety reasons and to fulfill short circuit requirements, it has been ensured that 
no component should overheat and burn in case of short circuit. 
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8.9.1 Short circuit protection 

The cycle by cycle current limitation controls the maximum power in case of short circuit or 

an excessive load. The voltage across resistor R14 is proportional to the drain current and is 

sensed by the input ISNS pin 7 of the LM3445. If the voltage across R14 rises above 1.27V, 

the PWM uses this information to terminate the Mosfet conduction. It will also inhibit the 

Start Pulse Generator and the COFF comparator by holding the COFF pin low. A delay circuit 

will prevent the start of another cycle for 180 μs. The typical threshold of the ISEN signal in 

working condition is 750mV. 

 

The following plots show a typical protection after short circuit on the LEDs. 
 

CH4: LED 
current 
 
 
Condition: 
SHORT 
CIRCUIT 
No triac dimmer 
Vin :230VAC 
 
Keeping the 
short circuit we 
observed a high 
temperature in 
the coil L1and 
Mosfet Q3. 
 
TL1=115 deg 
TQ3=90 deg 

 

 

 
As soon as the short circuit is removed from the output, the power supply will go back 
to the regulated current 350mA. 
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CH4: LED 
current 
 
 
Condition: 
SHORT 
CIRCUIT 
REMOVED 
No triac dimmer 
Vin :230VAC 
 
LED current ON  
 

 
 
The following plot shows a start up phase during short circuit. 
This is to ensure that switching ON and OFF the retrofit, it doesn’t break. 
 

CH4: LED 
current 
 
Condition: 
Start up phase 
during short 
circuit. 
 
Result: 
The switching 
power supply 
reaches his peak 
current and 
regulate. 
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8.9.2 Open loop protection 

 

CH1: VD Q3 
CH4: LED 
current 
 
 
Condition: Open 
loop  
 
Result: 
Power supply 
OFF 

 
 

CH1: VD Q3 
CH4: LED 
current 
 
 
Condition: Open 
loop removed 
 
Result: 
Power supply ON 
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8.10  Efficiency 

 
The following picture shows the efficiency for different input configuration. 
 

PF 0.92    

Ithd 39.20%    

Vin  (V) 180VAC 230VAC 265VAC 

Iin  (A) 0.0537 0.0429 0.0384 

          

Pin (W) 8.94 9.16 9.39 

          

Vout (V) 19.86 19.86 19.87 

Iout (A) 0.35 0.355 0.357 

          

Eff  (%) 0.778 0.770 0.755 

 
The test has been done with the following configuration. 
R5  =  0R 
R13=  1R 
R6  =   3K3 
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8.11 EN630003-2 CLASS C 

 
The measurement has been done with the Chroma model 61603 and Zimmer 
LMG95. 
The harmonics are within the Class C limits of EN61000-3-2, the PF is 0.92 and the I 
THD is 40%. 
  
As the input power is lower than 25W, the harmonic currents shall not exceed the 
power-related limits Class D, table 3, column 2: 
 3th harm 3.4mA/W, 5th harm 1.9mA/W… 
Or  
 3th harm. < 86% of fundamental 
 5th harm. < 61%   “ “ 
 
 

Harmonics (n ) Result (mA) Class C limit (mA) 

AH0 0.64   

AH1 39.85   

AH2 0.018   

AH3 7.46 31.17 

AH4 0.021   

AH5 4.83   

AH6 0.023   

AH7 10.69 9.17 

AH8 0.037   

AH9 6.19 4.58 
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8.12  Conductive EMI 

 
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 inductance. 
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.  
 
The next plots show the conducted EMI result for Neutral and Phase following the 
EN55022. 
 
As the layout is not yet finalized, some peak frequencies are over the limit at very low 
frequency.  
 
Phase L1: 

 
 



 

 
Retrofit Power Supply 

 

 

 

National Semiconductor GmbH 
Livry-Gargan-Strasse 10 
82256 Fürstenfeldbruck 
Germany 

- 26 - 

Najmi K. 
 

2009-02-12 
 [Revision 2.0] 

 

Neutral : N1 
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8.13  Thermal behavior 

The tests have been done with AC input voltage from 180 VAC to 260VAC with an 
output current of 350mA over a temperature range from -25°C to +65°C. 
 
Due to the fact of the small factor, a small core of the inductance has been used and 
therefore saturate at ambient temperature higher than 65°C. 
For higher ambient temperature, a higher core density is necessary. 
 
The temperature measurement has been taken on key components as L1, Q3, D8, 
C3 and C2’. 
Start up test has been as well done at this ambient temperature. 
 

Vin 180VAC      

Ambient Temperature -25°C 25°C 45°C 65°C 

Components       

Inductor L1 38°C 82°C 97°C 117°C 

Mosfet Q3 8°C 57°C 74°C 82°C 

Switching diode D8 25°C 71°C 88°C 107°C 

Passif PFC C3 0°C 49°C 66°C 71°C 

X2 cap C2' 0°C 46°C 64°C 82°C 

 Vin 230VAC      

Ambient Temperature -25°C 25°C 45°C 65°C 

Components       

Inductor L1 41°C 85°C 100°C 120°C 

Mosfet Q3 12°C 60°C 79°C 84°C 

Switching diode D8 27°C 73°C 90°C 111°C 

Passif PFC C3 1°C 49°C 66°C 71°C 

X2 cap C2' 0°C 49°C 66°C 83°C 

Vin 260VAC      

Ambient Temperature -25°C 25°C 45°C 65°C 

Components       

Inductor L1   86°C 103°C 122°C 

Mosfet Q3   63°C 83°C 87°C 

Switching diode D8   74°C 95°C 114°C 

Passif PFC C3   49°C 68°C 74°C 

X2 cap C2'   49°C 67°C 85°C 
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9 Inductor specification 
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10 Layout Design  
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11   Summary Table 
 

12 Revision History 
 

Status Date Description of change (s) 

Rev. 2.0 2009-10-01 Efficiency improved 

   

   

   

   

 
 



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

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://www.ti.com/wirelessconnectivity
http://e2e.ti.com

