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Scope and purpose 

The presented evaluation design is a 300 W Switch Mode Power Supply (SMPS) employing the Infineon 

Combi Controller IC ICE1CS02. The system is partitioned in a Power Factor Correction section (PFC stage) 
and a Two-Transistor Forward section (TTF stage). 

The power supply can be operated from universal input (90 VAC up to 265 VAC at 50~60 Hz) and provides a 
regulated output of 42 VDC. Alternatively, suggestions are given to obtain 24 VDC or different outputs. 

Note: The power board is operated by a control daughterboard using ICE1CS02G. Infineon also offers an 

alternative solution, using ICE3PCS01G as PFC CCM controller and LM5021-2 as TTF controller. Please 
M?? Ɉ!>>?H>OG NI Ȗȓȓ 7 A?H?L;F JOLJIM? QC>? L;HA? 3-03ɉ[7]on Infineon website. 

The design originates from general purpose AC line transformer replacement in low voltage motor drive 
applications. The design choices are made to allow hard step loads with minimum output drop.  

Attention: This board is intended for evaluation purposes only and is not intended to be an end 
product 

Intended audience 

Design engineers approaching a Switch Mode Power Supply (SMPS) intended for non continuous load 
conditions FCE? CGJF?G?HN?> QCNB )H@CH?IHɇM 300 W SMPS evaluation board.   
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1 3SMN?G ;H> <I;L> >?M=LCJNCIH 
The presented design consists in a power supply with aim of reducing system volume and weight, while 

increasing power factor, standby consumption and efficiency. 

The application requirements follow in Table 1: 

Table 1 Application requirements  

Input 85 VAC to 265 VAC 

Input power factor 
95% at 150 W @220 VAC(in); 99% full load 

99% at 150 W @110 VAC(in); 99% full load 

Output voltage 42 V (24 V variant with changes allowed) 

Output power 
300 W peak 

150 W continuous 

Efficiency 
90% typ. high-line @220 VAC(in) from 150 W 

87% typ. low-line @110 VAC(in) from 150 W 

Ambient Temperature 
Tested at 25°C ambient 

Design procedure developed at 70°C ambient 

 

4B? 0&# MN;A? CM OMCHA )H@CH?IHɇM BCAB PIFN;A? -/3&%4 600 V CoolMOSɫ #ș ;H> )H@CH?IHɇM JIQ?L MCFC=IH 

>CI>? N?=BHIFIASȼ 2;JC> ȕ $CI>?Ȼ 4I CGJLIP? ?@@C=C?H=S ;H> L?>O=? =IGGON;NCIH HICM? )H@CH?IHɇM NBCH1!ɫ 

Generation 5 SiC Schottky Diode can be used. This stage works at a fixed frequency of 65 kHz, both in 

Discontinued Conduction Mode (DCM) and Continued Conduction Mode (CCM).  

The TTF stage takes benefit from Șȓȓ 6 #IIF-/3ɫ #% MOSFET family. This stage works at 130 kHz in CCM 
mode. 

This paper describes a detailed application circuit, the design choices, the PCB drawings, the oscilloscope 

waveforms and the components. Furthermore, magnetics, power losses evaluation in active devices and 
heatsink design are included. 

1.1 4IJIFIAS >?M=LCJNCIH 

4B? @IFFIQCHA JC=NOL?M L?JL?M?HN NB? <I;L> NIJIFIAS ;H> CNɇM J;LNCNCIHCHA QCNB CH>C=;NCIH of the main 

components. 

For a better explanation, the power supply can be divided into 5 parts, shown in Figure 1. 

1. The input filter 
2. The PFC stage 
3. The TTF stage 
4. The output stage 

5. The auxiliary supply 
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Figure 1 300 W SMPS Evaluationboard  - simplified schematic  

The following Infineon components are used in the presented design: 

Table 2 Used Infineon Components 

Product family  Part number  Main parameters Description Usage 

#IIF-/3ɫ 0ș IPP60R190P6 190 m ,̂ 600 V High voltage 

MOSFET 

PFC MOS 

NBCH1ɀɫ '?H Ș IDH03G65G5 3 A, 650 V SiC schottky diode PFC Diode 

Rapid2 Diode IDP08E65D2 8 A, 600 V Silicon highspeed 

diode 
PFC Diode 

#IIF-/3ɫ #% IPP50R280CE 280 m ,̂ 500 V High voltage 

MOSFET 
TTF MOS 

#IIF3%4ɫ ICE1CS02G  TTF controller PFC+TTF IC 

#IIF3%4ɫ ICE3AR10080JZ 10 ̂ , 800 V  Flyback supply Flyback IC+MOS 
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Figure 2 Top view of 300 W SMPS Evaluation board 

1. Input filter 
2. Input bridge 

3. PFC stage (bridge filter, PFC inductor (from PULSE electronics), 600 V #IIF-/3ɫ #ș ;H> 2;JC> 2 diode/ 
thinQ!TM SiC Generation 5 diode 

4. TTF stage (bulk and filter capacitor, 500 V #IIF-/3ɫ #% 
5. !ORCFC;LS &FS<;=E MOJJFS QCNB #IIF3%4ɫ 

6. Control daughter-board with ICE1CS02G Combi PFC-TTF IC 
7. Output inductor (PULSE electronics), capacitor and diodes 

8. TTF transformer (PULSE electronics) 
 

 

Attention: HIGH VOLTAGE! 
Discharge completely the bulk capacitor  C4 before handling! 
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Figure 3 Bottom view of 300 W SMPS Evaluation board (flipped)  

1. Bypass diode 

2. PFC shunts 
3. TTF shunts 

4. TTF gate driver 2EDL05I06BF 
5. TTF free-wheeling diodes 

6. !ORCFC;LS &FS<;=E MOJJFSȼ )#% #IIF3%4ɫ >?MCAH QCNB &CR?> &L?KO?H=S ɭ100 kHz. Quasi Resonant variant 
possible. GREEN LED indicates operation. When LED is off, bus voltage falls below typ. 50 V 

7. TTF feedback network 

8. Output rectifier diode snubber 

9. Output rectifier diode snubber 

1.1.1 3SMN?G JLIN?=NCIH ;H> @?;NOL?M 

The power supply is featured as follows: 

PFC    

¶ Cycle-by-cycle overcurrent protection via shunt sensing 

¶ Input Brown-out protection and input under-voltage protection at start-up 

¶ Output redundant overvoltage protection (double sensing) 

¶ Enhanced dynamic response on load jumps and input mains voltage dips 

¶ Soft start of DC bus voltage to limit start-up current 

¶ Frequency synchronization with PWM TTF stage. PFC=65 kHz; TTF=130 kHz. 

¶ Programmable switching frequency by external PWM signal synchronization 
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TTF 

¶ Cycle-by-cycle overcurrent protection via shunt sensing 

¶ Output short circuit protection 

¶ Output overcurrent protection 

¶ Output overvoltage protection 

¶ Output soft start 

¶ DC bus under-voltage protection via PFC 

¶ Slope compensation and limited max duty cycle 47% (or programmable 60%) 

¶ Gate driving under-voltage lockout (UVLO) via gate driver 

¶ Minimum pulse cutout via gate driver 

1.1.2 3=B?G;NC= 

The design consists of a Power Board and a Control Card. 

Power board and control card schematics are shown respectively in Figure 4 and Figure 5. 

For higher resolution, please use the schematic and layout attachment. 

 
 

 

Figure 4 Power  board schematic of 300 W SMPS Evaluationboard 
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Figure 5 Control card schematic of 300 W SMPS Evaluationboard 
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2 !# FCH? CHJON @CFN?L ;H> <LC>A?  
The input filter has been designed to cut common mode noise in the first hundreds kHz band. Highest 

available values X2 common mode capacitors (C2 and C3) have been equipped, consistently with the 
available board space. Differential mode noise filter is not implemented. Fuse protection and surge 
protection has been implemented close to the input connector. 5 ̂  NTC (RT1) for inrush current limitation is 

provided. 
 

 
Figure 6 Input filter  

2.1 )HJON @CFN?L F;SION 

The filter layout should be as symmetrical as possible. A general rule recommends input filter in an 
orthogonal placement to other magnetics, in particular the PFC coil. Our proposal follows. 

Connection of GND-Earth (Pin 2 of J1 connector) must be connected to metallic enclosure to reduce 
common mode noise. In case there is no enclosure, Y-caps (CY1 and CY2) have to be removed. 
 

 
Figure 7 Input filter placement on board  

Input filter is designed pragmatically in order to minimize conducted noise. Space and footprint for a bigger 
common mode chocke is available as shown in Figure 8 . 

When more than 2-layer board is used, the recommendation is to mount the Y-caps  and extend the 

GND_EARTH shield plane on the bottom layer in order to couple the switching noise  back to the power 
GND. 
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Figure 8 Input filter layout on proposed design  

Please note that the fuse (FUSE1) to the surge suppressor (VAR1) net should be shortened in a better layout, 

in order to reduce the stray inductance path for very fast/high voltage surges from the net.  

2.2 )HJON L?=NC@C?L <LC>A? 

The proposed input bridge rectifier is a GBU8J, which is sized according to the power losses. The Power 

losses are calculated at maximum output power, 300 W, and minimum input voltage, 85 VAC using simple 

assumptions. 

We assume that efficiency is ɖ=85%, and forward voltage VF=0.85 V, which is the value at 4 ADC. 

 

Ὅ  
ὖ

ὠ  

ὖ  Ⱦ –

ὠ  

σππ ὡȾ πȢψυ

ψυ ὠ
 ͯτȢρυ ὃ Eq 1 

ὖ ςϽὠϽὍ ςϽπȢψυὠϽτȢρυὃ  χ ὡ Eq 2 

 

Heatsinking of input bridge is necessary. Average power consumption considering the power supply duty 

cycle of 5 min off/ 5 min on = 50% is 4.5 W, but temperature ripples depending on heatsink thermal inertia. 
With the provided heatsink, the temperature at bridge case rises up to 115°C. 

Provided from GBU8J a Rth(j-c)=4.0 K/W, the junction temperature is close to 150°C at 7 W continuous load. 
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3 0&# MN;A? 
The controller provides a fixed frequency CCM PFC control algorithm. The PFC stage is designed to operate 

at 65 kHz, which is the standard operating frequency generated by the controller ICE1CS02G, mounted on 
the daughter board. 

This frequency provides a compromise between inductor ripple and switching losses. Moreover keeps the 
3rd harmonic of the PFC (190 kHz) in the 1st band of the conducted emissions (EMC). 

Frequency can be changed by providing a synchronization signal at SYNC pin of the controller IC (see 
ICE1CS02G datasheet, SYNC pin section). 

The PFC stage includes a pre-charge silicon diode (D1) which is recommended when D2 is a SiC diode, to 

avoid in-rush currents at hot NTC. 
 

 
Figure 9 PFC stage schematic 

3.1 0&# CH>O=NIL >?MCAH 

PFC sizing is considered at maximum output power of 300 W and low line (VAC,min = 85 VAC), where input 

current is maximum. 

L1 has then been chosen in order to reach a maximum current ripple of 

ЎὍȟ ςπϷϽὍȟ  
Eq 3 

Where ȹIL1,max represents the current ripple and IL1,max represents the peak average inductor current in CCM 

mode. 

Considering the following conditions: 

¶ Input mains voltage: 85 VAC 

¶ Input power: 300 W / 85% = 350 W 



300 W general purpose wide-range SMPS  
PFC + TTF Evaluation Board 
   

PFC stage    

 

Application Note 12 Revision 1.1, 2015-10-20 

    

Ὅȟ
ὖ ϽЍς

ὠȟ

συπὡϽЍς

ψυὠ
υȢψςὃ  

Eq 4 

Then ȹIL1,max = 1.2 A from Eq 3. 

PFC inductance value can be derived from the simplified equation below. 
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Eq 5 

The PFC inductor is provided by PULSE Electronics (PH9297NL). 

Specification follows in Figure 10. 
 

 
Figure 10 PFC inductor specification, from Pulse Electronics 

 

 
Figure 11 PFC inductor mechanical drawing (side) 
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As can be seen in Figure 11, the inductor design has been segmented in 4 sub-windings. 

The segmentation is made to reduce inter-winding coupling, by keeping distance between turns which have 

high voltage difference. This minimizes stray inter-winding capacitance, which generates high frequency 
oscillations. In fact, current oscillations, superimposed on PFC-current, introduce high common mode noise 
at high frequency, which is quite difficult to remove with input filters. Current oscillations can be seen by 
measuring directly the inductor current. To see comparative measurement see chapter 7. 

3.2 0&# -/3&%4 >?MCAH 

Active components choice relies on many different considerations, which are related in a very short 
summary to power dissipation, thermal design and efficiency. 

In order to simplify the choice we start from considering the following conditions: 

Table 3 Conditions for MOSFET losses calculation in PFC stage 

Parameter Value Remarks 

TA,max 70°C - 

Rth(c-a) (heatsink) ~15°C/W worst case Heatsink size is chosen mainly 

due to space constraints 

 

fsw 65 kHz Switching frequency 

Vbus 380 V DC bus voltage 

Vin 85 VAC Input AC voltage 

Pin 350 W Considering 85% efficiency 

 

 
 

 
Figure 12 Heatsink choice (space constrained) 

PFC main switch Q1 operates in hard switching in CCM, then resulting to high power losses during 

operation. MOSFETs with low Qg, Coss, Eon, and Eoff are required to decrease the switching losses. Optimal 

RDS(on) for MOSFET selection has been evaluated by total power loss trade-off between conduction and 
switching losses, as explained in Chapter 11: Appendix B. 
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Attention: The board is provided with heatsink connected 
to GND by a screw placed in the middle of the 
board on SMD side. 

GND is the 400 V negative reference, then, 
unless the mains voltage is insulated, the 
heatsink is then at high potential!  

A 0 ̂  resistor (R46) connects the heatsink from 
GND and can be removed. 

The MOSFET current, which is considered for the plot is 
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Eq 6 
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Eoss is a function of MOSFET drain voltage, which in CCM is output voltage Vbus. 

Optimal on-resistance value then should be RDS (on) IJN ˸ȚȘ Ĝȼ QB?H 6IN (rms) = 85 V and PIN = 350 W (worst 

case); 

However, Q1 RDS (on) has been set to 190 Ĝ =IHMC>?LCHA ; HIH-continuous load operation with 50% duty 

cycle between full load and low load conditions. In order to reduce the losses and allow full 100% duty load, 

a lower RDSon must be considered with the proposed heatsink design. 

190 m  ̂device provides additionally a good balance between performance and cost. 

Figure 13 (described in Chapter 10: Appendix B), represents plots of losses in the power MOSFET as well as 

junction temperature. Chart shows total power losses are about 3 W with RDS(on) Q1 = 190 m̂ . Junction 

temperature rise will increase the effective RDS(on), by a factor of about 1.5, reaching higher junction 

temperature close to 140°C if steady state load is considered. 
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Figure 13 MOSFET losses plot for the PFC stage 

MOSFET proposal is a CoolMOSɫ P6, 190 m  ̂(max) IPP60R190P6, which main parameters are shown in 
Table 4. 

Table 4 -;CH 0;L;G?N?L I@ #IIF-/3ɫ 0ș 

Parameter Value 

V(BR)DSS Breakdown voltage @ ambient 600 V 

RG Internal gate resistance 6 ɋ 

RDS(ON) Max RDS @ ambient 190 mɋ 

Co(er) Energy related output capacitance 56 pF 

Coss Output capacitance 85 pF 

Rth(j -c) TO-220 Max junction-case thermal resistance TO-220 0.83 K/W 

 

The above mentioned procedure to make a choice of the PFC MOSFET is simple and fast. It gives more a 
qualitative view than a real quantitative solution. Device need to be tested in the environment, in order to 
make the correct choice. 

3.3 0&# 3BOHN L?MCMNIL 

Shunt resistor size is determined some constraints. 

 

First is the overcurrent protection threshold determined by the controller. 

The power board is designed for a shunt voltage threshold VCSTH=0,65 V giving the following result: 
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Eq 7 
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A second point to keep in mind is the power dissipation: 

ὖ ͺ ȿὠ ȿϽὍ πȟφυϽσȢυυ ὃ ςȟσ ὡ 

 

Eq 8 

In order to fulfill both requirements, 3 shunt resistors of 330 m  ̂in parallel have been used. The choice is on 

1 7 3-$ L?MCMNILMȼ NSJ? Ɉ2512ɉ Lesistors to keep also low the stray inductance, which would cause spikes on 
the sensed voltage. 

3.4 0&# >CI>? >?MCAH 

PFC diode proposal is also important, and need some considerations. In particular, diode recovery in hard 

switching applications is an important parameter. 

This design is a CCM PFC design, where diode recovery happens at almost every commutation period when 
in high load conditions. 

Recovery generates high current spikes that create  

¶ High frequency commutation noise that generates conducted common mode noise at mid/hi- frequency 

¶ High amplitude spikes in the MOSFET channel during turn-on. Spikes have to be filtered by a leading 

edge blanking filter from the controller (usually always present). This current creates additional losses in 
the MOSFET, flowing through the channel at turn-on 

The output power of the proposed converter is such that a small SiC diode can be used. Here we have 
chosen a 3 A device in 5th Generation NBCH1ɀɫ technology: IDH03G65C5. 

 

Table 5 IDH03G65C5 summary of parameters. Please refer to component datasheet for details  

Parameter Value 

VRRM Repetitive peak reverse voltage 650 V 

IF Continuous forward current 3 A 

IF(max) Non-repetitive peak forward current 178 A 

VF Diode forward voltage @ ambient 1.5 VpF 

QC Total capacitive charge 5 nC 

Rth(j -c) TO-220 Max junction-case thermal resistance TO-220 3.6 K/W 

 

3.5 0&# =;J;=CNIL >?MCAH 

PFC bulk capacitor is designed according to required hold-up time. The requirement is usually to keep a 
minimum voltage of 340 V for 20 ms line drop at maximum output power. 

Assuming a constant discharge of the bulk capacitor, Eq 9 can be applied to calculate the minimum 
Capacitance required. 

ρ

ς
ὅ ὠ ὠ ȟ ὖ ȟ ϽЎὸO ὅ

σππ ὡϽςπ άί

σψπ ὠ στπ ὠ
ςπψ όὊ 

Eq 9 

 

Bus capacitor is a 220 µF, 450 V electrolytic, with additional 100 nF high frequency film cap bypass. 
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4 44& 3N;A? 
The controller provides a fixed frequency forward current mode control algorithm. The gating output PWM 

OUT can be used to drive directly a single MOSFET for a Single Transistor Forward design, or, alternatively, 
can drive a Gate Driver IC in order to drive a Two Transistor Forward topology. 

The switching frequency is 130 kHz, high enough to reduce the size of magnetic components (TTF 
transformer as well as output inductors) and keep reduced switching losses. 

Frequency can be changed by providing a synchronization signal at SYNC pin of the controller IC (see 
ICE1CS02G datasheet, SYNC pin section). 

The TTF stage can be split into primary side (left hand-side of Figure 14) and secondary (insulated) side 

(right-hand side of Figure 14). 

 
 

 
Figure 14 TTF stage. Primary and secondary side 

4.1 44& JLCG;LS MC>? 

On primary side, the bulk voltage Vbus is controlled by the former PFC stage to 380 V typ. In order to reduce 

solution cost, but still with a good safety margin on MOSFETs breakdown voltage, the decision is to use 
500 V devices. 

500 V #IIF-/3ɫ CE is the perfect fit, with best switching performance / system cost ratio.  

The two sides of the TTF stage are analyzed in the following chapters.  

4.1.1 44& NL;HM@ILG?L  

In order to size the transformer for a 42 V output starting from 380 V bulk voltage, we must consider the 

maximum duty cycle limit of 50%. Allowing margin for step load response, typical working duty cycle is set 
to 40%. Moreover, the higher the duty cycle is, the lower will be the secondary side output of the 
transformer. 
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Ideally Vout and Vbus are linked by the following Eq 10. 
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Eq 10 
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Eq 11 

 

Transformer primary inductance LTRA1 value has been set in order to ensure enough magnetizing current 
to properly set / reset the core. During the primary-side turn-on period, the magnetizing inductance is 
charged by a current IMAG which must be reset during the turn-off time. IMAG peak is set to about 400 mA in 

order to keep small the recirculation diodes and limit the recirculation current which creates EMI current 
loops. 1 A fast-diodes D3 and D4 are used. 

ὒ  
ὠ

Ὅ
Ͻ
Ὀ

Ὢ

σψπ ὠ

τππ άὃ
Ͻ
πȟτ

ρσπ ὯὌᾀ
ςȟω άὌ 

Eq 12 

Specification from magnetics manufacturer follows on Figure 15 where primary side inductance is higher 
and allows lower values of IMAG. 

The choice is on Pulse Electronics (PH9326NL), which is a transformer without shield. Shield design for the 
transformer was not studied in details, but it might be necessary in certain cases. 

 
 

 
Figure 15 TTF transformer specification  42 V, from Pulse Electronics 

Primary side current derives from choice of secondary side current ripple. 

The choice is done in such a way that at 15% load the output stage is in Boundary Condition Mode, which 
means the ripple current touches zero at the end of each cycle. Then, in order to have an output current 

ripple of about 30% of the maximum load current, ripple current is calculated from Eq 14: 

Ὅ
ὖ

ὠ

σππ ὡ

τς ὠ
χȢρυ ὃ Eq 13 

Ὅ σπϷϽὍ σπϷϽχȢρυ ὃ ςȢς ὃ Eq 14 
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4.1.2 44& 0LCG;LS MC>? -/3&%4M 

To size the primary side components, the primary side currents have to be calculated. The following 
equations show how to calculate the most important currents of the primary side used to size the switches. 

Ὅ
ὠ

ὒ
Ͻ
Ὀ

Ὢ

σψπ ὠ

σȟυ άὌ
Ͻ
πȟτ

ρσπ ὯὌᾀ
σστ άὃ Magnetizing 

current 

Eq 15 
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Eq 16 
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Eq 17 
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Eq 18 

The following Figure 16 shows the naming conventions used. 
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Figure 16 Current shapes on primary MOSFET (IMOS) and output inductor  (Io) 

As well as for the PFC, for the TTF stage, MOSFETs Q2 and Q3 work in hard switching, and then selection 

criteria are the same as in the PFC stage: low Qg, Coss, Eon, and Eoff are required to decrease switching losses. 
We are going to use the same graphical procedure as or the PFC. 
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The chart shown in Figure 17 points out the power losses of the TTF MOSFETs, showing that a minimum can 
be found with RDS(on)= 125 m̂ . For a better cost/performance compromise the decision falls on a 280 m  ̂

(max) device, like the IPP50R280CE, which still shows a good thermal behavior and acceptable losses. 

Estimated losses for each MOSFET are about 1.5 W, which may reach some above 2 W in hot conditions. Still 
Junction temperature is far below 150°C. 

As well as in the case of the PFC MOSFET, the chart provides qualitative rather than quantitative information 

of the power losses. Nevertheless, the provided indications demonstrated a good matching with the 
hardware. 

Please refer to chapter 11: APPENDIX B for notes on calculation of the mentioned charts. 
 

 
Figure 17 MOSFET power losses for the TTF stage 

Here below are listed the environment conditions used to plot the chart. 

Table 6 Conditions for MOSFET losses calculation in TTF stage 

Parameter Value Remarks 

TA,max 70°C - 

Rth (c-a) (heatsink)  ~15°C/W worst case Heatsink choice from space constraints 

Value considers that the heatsink is shared and 
a multiplication factor 1.5 for non-ideal 

mounting, vs datasheet value in Figure 12. 

fsw 130 kHz Switching frequency 

Vbus 380 V DC bus voltage, at switch-on half Vbus is applied 

Pin 350 W Considering 85% efficiency 
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MOSFET proposal is a #IIF-/3ɫ #%,  280 m  ̂(max) IPP50R280CE, which main parameters are shown in 
Table 7. 

Table 7 IPP50R280CE summary of parameters. Please refer to component datasheet for details 

Parameter Value 

V(BR)DSS Breakdown voltage @ ambient 500 V 

RG Internal gate resistance 3 ɋ 

RDS(ON) Max RDS @ ambient 280 mɋ 

Co(er) Energy related output capacitance 40 pF 

Coss Output capacitance 49 pF 

Rth(j -c) TO-220 Max junction-case thermal resistance TO-220 1.36 K/W 

 

A note shall be pointed out for the choice of the freewheeling diodes D3 and D4. 

Note: Even though the magnetization current IMAG they bring may appear small, and the switch off smoothly 

(ZCS) it is important that the choice falls on fast reverse recovery diodes. D3 and D4 are MURS160. 

Note: Layout design of TTF is not easy, and demagnetization path is usually longer than main path. This path 

is partially responsible for emissions and must be carefully studied, starting for the device choice. 
Layout of the board described in this application note, is unfortunately not perfectly optimized in this 
path. 

4.1.3 44& MBOHN L?MCMNIL 

Same procedure as for the PFC stage has been taken for the TTF shunt resistor choice. 

The power board is designed for a shunt voltage threshold Vcsth=1 V giving the following result: 

Ὑ ͺ

ȿὠ ȿ

Ὅ

ρ ὠ

ςȟφσ ὃ
σψπ άὕὬά 

Eq 19 

 

A second point to keep in mind is the power dissipation: 

 

ὖ ͺ ȿὠ ȿϽὍ ρ ὠϽςὃ ς ὡ 

 

Eq 20 

In order to fulfill both requirements, and to keep some flexibility, 3 shunt resistors of 1 ̂  in parallel have 
been used. The choice is on 1 7 3-$ L?MCMNILMȼ NSJ? ɈȕȘȔȕɉ NI E??J ;FMI FIQ NB? MNL;S CH>O=N;H=?ȼ QBC=B 

would cause spikes on the sensed voltage. 

4.1.4 -/3&%4 A;N? >LCPCHA 

The gate driving of the TTF power MOSFETs CM >IH? OMCHA ;H )H@CH?IH %C=?$2)6%2ɫ A;N? >LCP?L )# 
2EDL05I06BF. The gate driver IC is a non-interlocking driver, so that high side and low side can be turned-
on simultaneously, which is necessary in a TTF topology. 
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The gate driving section is shown in Figure 18ȼ QB?L? CHJON I@ NB? )# CM Ɉ07-/54ɉ əQBC=B =IG?M @LIG NB? 
control board) and G3, G2, S2 represent respectively the low-side MOSFET gate and the high-side MOSFET 

gate and source. 

D11 and D12 are optional turn-off paths and can be removed. There is no Miller induced turn-off effect in 
TTF, since both MOSFETs are turned on simultaneously. Turn-on can be soft, since the topology allows zero 
load current switching and only capacitive spike take place at turn-on. 

Trimming on gate driving resistance are mainly related to a compromise between switching behavior and 
high frequency oscillations that may be induced by layout problems. 
 

 
Figure 18 Gate driver IC schematic 

The use of a gate driver versus a pulse transformer (widely used in this topology), is the capability to control 
and keep well above the threshold voltage the gate of the MOSFETs, allowing a safe driving in all supply 

conditions. 

Especially in case of failures or difficult layout situations, the gate driver IC solves grounding problems and 

helps placing the drive buffers closer to the MOSFETs to be controlled. In this power supply the choice of a 
gate driver IC solution pairs with the use of a controller daughterboard, where there may be different kind of 

controllers. 

Moreover it avoids the typical effect of pulse transformers, where there can be an effect of offset shifting of 

the gate driving signals, which is dependent on duty cycle as shown in the following picture. 
 

Pulse transformer

                        

Pulse transformer Gate driver

 
Figure 19 Typical offset shifting when using pulse transformer  

Please note that the bootstrap supply cannot be applied to TTF topology to supply the hi-side buffer. 
Auxiliary power supply is necessary. 
































































