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Scope and purpose

The presented evaluation design is a 3@ SwitchMode Power Supply (SMPS) employing the Infineon
CombiController IC ICE1CS02. The system is partitioned in a Power Factor Correction section (PFC stage)
and a TweTransistor Forward section (TTF stage).

The power supply can be operated from universal inp@0\acup to 265Vacat 50~60 Hz) and provides a
regulated output of 42\ Alternatively, suggestions are given to obtain 4 or different outputs.

Note: The power board is operated by a control daughterboard using ICELCS02G. Infineon also offers an
alternative solution, using ICE3PCS01G as PFC CCM@&oatdILM5022 as TTF controller.dise
M?? 3! >>?2H>@GHRIL; Bf fJ OL J | NM&n Ingnéon Website. HA? 3 - 0 3}

The design originates frongeneral 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 (SMiESided for non continuous load
conditonsF CE? CGJ F? G? HN308W §gMPEVAIuajioHl@&ad ? | HE M

4; <F2 HIN@HNM
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System andboard description

1 SSMN?G ;; H> <I| ;L> >?2M=LCJNCI

Thepresenteddesignconsists in a power supply withim of reducing system volume and weight, while
increasing power factor, standby consaption and efficiency.

The application requirements follow iTable

Table 1 Application requirements

Input 85 Ve t0 265 Ve

95% at 150 W @220 Vac(in); 99% full load

Input power factor
putp 99% at 150 W @110 Vacgm; 99% full load

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

300 W peak

Output power .
150 W continuous

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

Efficienc
y 87% typ. low-line @110 V¢ from 150 W

Tested at 25°C ambient
Design procedure developed at 70°C ambient

Ambient Temperature

4B? 0&# MN; A? CM OMCHA §0H\@OHWDE HEM BHAB) AF@EN? AR¢E M/ G
>Cl >? N?=BHI FI AS¢g¢ 2;JC> U0 $CI >?2¢€ 41 CGJIJLIP?14? @@C={(
Generation 5 SiC Schottky Diode can be used. This stage works at a fixed frequencigtdi @3oth in
DiscontinuedConduction Mode (DCM) an@ontinuedConduction Mode (CCM).

The TTF stage takes benefitfrogif ¥ 6 # | IMOSHESB familyt ¥his stage works at kB{x in CCM

mode.

This paper describes a detailed application circuit, the design choices, the PCB drawingsdtilloscope
waveforms and the components. Furthermore, magnetics, power losses evaluation in active devices and
heatsink design are included.

1.1 41 J1 FI' AS >?M=LCJNCI H

4B? @ FFI QCHA JC=NOL?M L?2JL?M?HN NB? afthemam NI JI F1 £
components.

For a better explanation, the power supply can be divided into 5 pastsown inFigure 1

The input filter

The PFC stage

The TTF stage

The output stage
The auxiliary supply

aObrwNPE

Application Note 3 Revision 1.1201510-20
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System andboard description
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Figure 1

300W SMPEvaluationboard - simplified schematic

The following Infineon corponents are used in the presented design:

Table 2 Used Infineon Components

Product family Part number Main parameters | Description Usage

#1 1 F-/ 314 IPP60R190P6 190nm , 600V High voltage PFC MOS
MOSFET

NBCH1z+t ' |IDHO3G65G5 3A, 650v SiC schottky diode | PFCDiode

Rapid2 Diode IDPOBE65D2 8 A, 600v Silicon highspeed | PFC Diode
diode

#1 1 F-/ 314 IPP50R280CE 280nm" , 500V High voltage TTF MOS
MOSFET

#1 1 F3 %4+ ICELCS02G TTF controller PFC+TTFIC

#1 1 F3 %4t ICE3AR10080JZ |10° , 800V Flyback supply Flyback IC+MOS

Application Note 4 Revision 1.1201510-20
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Figure 2 Top view of 300W SMPS Evaluatiorboard

1. Input filter

2. Input bridge

3. PFC stage (bridge filter, PFC induc{@mom PULSE electronigs600 M# | | F- / 3+ # s2dipdelf> 2 ; J
thinQ!™ SiCGeneration5 diode

4. TTF stage (bulk and filter capacitdbQOM# | | F- / 3+ # %

5,1 ORCFC; LS &FS<; =E MOJJFS QCNB #I11| F3 %41t

6. Control daughterboard with ICE1CS02G Combi PFTF IC

7. Output inductor (PULSE electronigscapacitor and diodes

8. TTF transforme(PULSE electronigs

Attention: HIGH VOLTAGE!
Discharge completely the bulk capacitor C4 before handling!

Application Note 5 Revision 1.1201510-20
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Figure 3 Bottom view of 300W SMPS Evaluatiorboard (flipped)

1. Bypass diode

2. PFC shunts

3. TTF shunts

4. TTF gate driver 2EDLO5I06BF

5. TTF freewheeling diodes

6.! ORCFC; LS &FS<; =E MOJJFS¢ ) # % 1@0kHz RB%Rdsonantvitian H

possible. GREEN LED indicates operation. When LED is off, bus voltage fallstyyel6@V
TTF feedback network

Output rectifier diode snubber

9. Output rectifier diode snubber

© N

1.11 3SMN?G JLI N?=NCIH ; H> @?; NOL?M

The power supply is feated as follows:

PFC

Cycleby-cycle overcurrent protection via shunt sensing

Input Browntrout protection and input undervoltage protection at startup
Output redundant overvoltage protection (double sensing)
Enhanceddynamic response on load jumps and input mains voltage dips
Soft start of DC bus voltage to limit stattp current

Frequency synchronization with PWM TTF stage. Fd5&Hz TTF230kHz
Programmable switching frequency by external PWM signal synchronarati

= =4 -4 4 A -—a -

Application Note 6 Revision 1.1201510-20
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System andboard description

TTF

Output short circuit protection

Output overcurrent protection

Output overvoltage protection

Output soft start

DC bus undewoltage protection via PFC

= =4 -4 -4 4 4 -4 -8 -

Minimum pulse cutout via gate driver

1.1.2 3=B?G; NC=

The design consistef a Power Board and a Control Card.
Power board and control card schematics are shown respectivelfFigure 4and Figure 5

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

Cycleby-cycle overcurrent protection via shunt sensing

Slope compensation and limited max duty cle 47% (or programmable 60%)
Gate driving undeivoltage lockout (UVLO) via gate driver

Input Filter PFC stage

PWM stage

Secondary Side

CAUTION!
HIGH VOLTAGE

Discharge C4 before handling!

PFC andl TTF magratics PULSE aléctronics
FFC coll: FREZE7HL (MKd)

Control Board connector

DI LLAE

PWM gate driving

o]

Chdane:

HERE MOUNT RESISTOR |, |
1206 DRD
FOR 24Vout Versi

o
EVALGATE Power Board 08.12.2013

Sme Rurshee Reviean
B
I T LS |
o T e EVATGAT I T Se e By 1

Figure 4 Power board schematicof 300W SMPS Evaluationboard
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Figure 5 Control card schematic of 300W SMPS Evaluationboard
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AC linaénput filter and bridge

2 ' # FCH@CEMIION; H> <LC>A?

The nput filter has been dsigned to cut common mode noise in the first hundre#sizband. Highest
available values X2 common mode capacitors (C2 and C3) have been equipped, consistently with the
available board space. Differential modeoise filter is not implemented. Fuse protection and surge
protection has been implemented close to the input connector. SNTC (RT1) for inrush current limitation is
provided.

Input Filter
HV
@ ClassName: 250V
A
REC ACH
85~265VAC . Sk 1 0hm
Jll (OQAX)O J_uuuu j_
2 ] VARI C2 =
3 [GNDEARTH TO& €3 |047uF
CON3 YTV TY
SI0K300 BS$272412602N041 |
CYl L
Y2220F | ==CY2
Y2 2.2nF
GND FARTH
Figure 6 Input filter
2.1 ) HION @CFN?L F; SI ON

The flter layout should be as symmetra as possible. A general rule recommends input filter im a
orthogonal placement to other magnetics, in particular the PFC c@llur proposal follows.

Connection of GNEEarth in 2 of J1 connector) must be connected to metallic enclosure to reduce
commonmode noise. In case there is no enclosurecaps (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 aviable as shown irFigure 8.

When more than 2ayer board is used, the recommendation is to mount theecdps andextend the
GND_EARTH shield plane on the bottom layer in order to couple the switching noise back to the power
GND.

Application Note 9 Revision 1.1201510-20
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AC linaénput filter and bridge

i

CY1
CY2

C
EUAL |[GATE 09.12.2013 IFI  Input filter

300W ZaU=421) - _ RTL
P § 000 (° o)

Figure 8 Input filter layout on proposed desig-n

Please note that the fuse (FUSE1) to the surge suppressor (VAR1) net should be shortenexdtar &jpout,
in order to reduce the stray inductance path for very fast/high voltage surges from the net.

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

The proposed input bridge rectifier is a GBU8J, which is sized accordinga@ower lossesThePower
losses are calculateet maximum output power, 300, and minimum input voltaged5 Vacusing simple
assumptions.

We assume that efficiency §=85%, and forward voltages#0.85V, which is the value at A4,

. 0 0 T- omarm@u .
X
(@] 5 5 U $ W Eql
0 ¢ J0 COMDAD O X0 Eq2

Heatsinking of input bridge is necessary. Average power consumption considering the power supply duty
cycle of5 min off/ 5min on=50% is 4.5V, but temperature ripples depending on heatsink thermal inertia.
With the provided heatsink, the temperature dtridge case rises up to 115°C.

Provided from GBU8J asRR=4.0K/W, the junction temperature is close to 150°C ai7continuous load.

Application Note 10 Revision 1.1201510-20
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PFC stage

3 O&# MN; A?

The controller provides a fixed frequency CCM PFC control algorithm. The PFC stage is designed to operate

at 65kHz, which is the standard operating frequency generated by the controller ICELCS02G, mounted on
the daughter board.

This frequency provides actnpromise between inductor ripple and switching losses. Moreover keeps the
3 harmonic of the PFC1Q0kH2) in the ®'band of theconducted emissionsEMQ.

Frequency can be changed by providing a synchronization signal at SYNC pin of the controléeelC (
ICELCS02G datasheet, SYNC pin section).

The PFC stage includes a peharge silicon diode (D1) which is recommended when D2 is a SiC diode, to
avoid inrush currents at hot NTC.

PFC stage

ClassName: 250V

DI
REC ACH

[ i
BRI i Li sl D}
GBUSJ H

0.7mH Pulse clectronics IHIP%E&SD:

i I e e L CEEE PP PR H
H 100nF 630V

Q 220uH450V]
IIRPEOR 190C6 +C4
1
'

PFCOUTyz B2 -- - -1~ f -
! 3R3
!
i

T~

LowVpltage @—é K i E‘K ............ [
Class§ame: Lov-é*oltagc ] I
PFCCS ! S A i
i R‘I/IV\ORH R46 |
P oro wf
LowV mg-\-@-é HEN
ClassName: Lowy
Figure 9 PFC stage schematic
3.1 O&# CH>0O=NIL >?MCAH

PFC sizing is considered ataximum output power of 300 W and low line (¥, = 85 %), where input
current is maximum.

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

. Eq3
YOpi ¢ MO}

Wheredd, ; .x represents the current ripple and 4., represents the peak average inductor current in CCM
mode.

Considering the following conditions:
1 Input mains voltage85Vac
1 Input power: 300V / 85% = 350/

Application Note 11 Revision 1.1201510-20
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3 0 MC o umaIg . Eq4
Or , v Q

W T

Thengd ;.= 1.2 A fronkeq 3.
PFC inductance value can be derived from the simplified equation below.

%o , e )
v Eq5
© P oy ® 0 0p ©
o o O Q0 O P
5 CWW . 80p ™ p&aO
P o i 0omRo P pa o

The PFC inductor is provided by PULSE Electronics (PH9297NL).
Specification follows inFigure 10

UNLESS OTHERWISE SPECIFIED, TESTING IS PERFORMED AT 25 +5°C.
PARAMETER SPECIFICATIONS
OPERATING TEMP —40'C ~ 125'C
POLARITY PER SCHEMATIC
oCL (4-2) = 1.24mH £15% (100%, @ AT 100 KHz, 0.1 VRMS)
OCL+DC (4=2) = 800 uH MIN (100%, @ AT 100 KHz, 0.1 VRMS, 4.64DC)
PCR (4—2) = 180.0 mOHMS MAX (SAMPLE)
SRF (4-2) = 570KHz TYP_ (SAMPLE)
Figure 10 PFC inductor specification, from Pulse Electronics
185 MAX
[47.00]

|

189 MAX
[48.00]
.138+.020
[3.50£0.50]
Figure 11 PFC inductor mechanical drawing (side)

Application Note 12 Revision 1.1201510-20
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PFC stage

As can be seen iRigure 11 the inductor design has been segmented in 4 swindings.

The segmentation is made to reduce intavinding coupling, by keeping distance between turns which have
high voltage differenceThis minimizesstray inter-winding capacitance, which generates high frequency
oscillations. In fact, current oscillations, superimposed on PfGrrent, introduce high common mode noise
at high frequency, which is quite difficult to remove with input filter€urrent oscillations can be seen by
measuring directly the inductor currentTosee comparative measuremergeechapter?.

3.2 O&# -/ 3&%4 >7?MCAH

Active componentghoice 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 lossesalculation in PFC stage

Parameter Value Remarks
TAmax 70°C -
Rica) (heatsink) ~15°C/W worst case Heatsink size is chosen mainly

due to space constraints

fow 65kHz Switching frequency

Vous 380V DC bus voltage

Vin 85Vac Input AC voltage

Pin 350W Considering 85% efficiency

10,3 RH‘I 14 1
12
K/ wi
10
g =
[= =]
o ™ &
o~
4
I \
M3 [=p|

8 50 100 150 200 [mml

Figure 12 Heatsink choice (space constrained)

PFC main switcl@loperates in hard switchingn CCMthen resulting to high power losses during
operation. MOSFETSs with lowJGss En, and Ex are required to decrease the switching losses. Optimal
Rosony for MOSFET selection has been evaluated by total power loss t@tibetweenconduction and
switching losses, as explained @hapter11l: Appendix B.

Application Note 13 Revision 1.1201510-20
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PFC stage

Attention: The board is provided with heatsink connected
to GND by a screw placed in the middle of the
board on SMD side.

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

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

The MOSFET current, which is considered for the plot is

‘© "SY @] 0 00y 0Qo0
< ® DAlo J0 3 Q¢ 0Qc¢ Eq6
y P ) i %20 a
T Q5
P — ,h J05
q ®
. — P TR L P T YuwdAC ]
© O ¢ 0 ® V& @ ¢ o oY@ o) W

E..is a function of MOSFET drain voltage, which in CCM is output voltgge V

Optimal on-resistance value then should be;Ro,) J N - TS Gim& SEY BRI R = 850W (worst

case);

However, Q1 R o.has been set to 196G~ =1 HMC > 2canndodis lgad dperdtion with 50% duty

cycle between full load and low load conditions. In order to reduce the losses and alld\Wi00% duty load,

a lower Rg,, must be considered with the proposed heatsink design.

190m" deviceprovides additionally a good balance between performance and cost.

Figure 13described inChapter 10Appendix B), represents plots of losses in the power MOSFET as well as
junction temperature. Chart shows total power losses are abou\8with Rg,, Q1 = 190 M. Junction
temperature rise will increase the effective;R,,, by a factor of about 1.5, reaching higher junction
temperature close to 140°C if steady state load is considered.

Application Note 14 Revision 1.1201510-20
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PFC stage
MOSFET Power Losses in PFC stage (§sm, 300 W, ) 160
/ | '
35 [ 7/ 140
3 ——‘\\ ,’A' | 1205
S = ¢ Py
25 S | | // 100 £
g <
2 ) \ // ,/ —— Static Losses g0 &
- .
5 \ N / = Dynamic Losses £
215 Total Losses L 60 'E
o \ // Junction Temperature 8
1 \ 40 ¢
)& 3
05 // S 20
0 0
0 50 100 150 200 250 300 350 400 450
RDS (on)0 Y Ku

Figure 13 MOSFET losses plot for the PFC stage

MOSFET proposal is@GoolMOS P6, 190nT (max)IPP60R190P6 which main parameters are shown in
Table 4

Table 4 -; CH O0;L; G?N?L Il @ #1 1 F-/3t Os

Parameter Value
Verpss Breakdown voltage @ ambient 600V
Rs Internal gate resistance 6q
Ros(on Max Bs@ ambient 190mq
Coten Energy related outputapacitance 56 pF
Coss Output capacitance 85pF
R TO-220 Max junctioncase thermal resistance TQ20 0.83K/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 reafjuantitative solution. Device need to be tested in the environment, in order to
make the correct choice.

3.3 O&# 3BOHN L?MCMNI L

Shunt resistor size is determined some constraints.

First is the overcurrent protection threshold determined by the controller.
Thepower board is designed for a shunt voltage thresholgs+0,65V giving the following result:
W s WS T W) Eq7

Y

pm@lLl
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PFC stage

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

¥ sJO rip WO B Civ o

Ca

In order to fulfill both requirements, 3 shunt resistors of 380 in parallel have been used. The choice is on
17 3-$% L ? MQBIYIeklstes toNke&ep also ldw the stray inductance, which would cause spikes on
the sensed voltage.

34 O&#CI>PMCAH

PFCdiode proposal is also important, and need some considerati@nn 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 spikdsat create
1 High frequency commutation noise that generates conducted common mode noise at midfeiquency

1 High amplitude spikes in the MOSFET channel during tom Spikes have to be filtered by a leading
edge blanking filter from the controller (usally always present). This current creates additional losses in
the MOSFET, flowing through the channel at teon

The output power of the proposed converter sgichthat a small SiC diode can be used. Here we have
chosen a 3A device irb" Generation N B C Htéchnblogy:IDHO3G65C5

Table 5 IDHO3G65C5 summary of parameters. Please refer taomponent datasheet for details
Parameter Value
Vrru Repetitive peak reverse voltage 650V
2 Continuous forward current 3A
| F(max) Non-repetitive peak forward current 178A
Ve Diode forward voltage @ ambient 1.5VpF
Qc Total capacitive charge 5nC
Rinj-c TO-220 Max junctioncase thermal resistance T20 3.6KM

3.5 O&# =;J; =CNI L >?MCAH

PFCbulk capacitor is designed according to required holap time. The requirement is usuallyp keep a
minimum voltage of 3@V for 20ms line drop at maximum output power.

Assuming a constant discharge of the bulk capacitaiq9 can be applied to calculate the minimum
Capacitance required.

P. : : > oo
EO W W 0 5 OO O

Bus capacitor is a 220F, 450V electrolytic, with additional 10®F high frequency film cap bypass.

O TG T | o Eq9
,:I - ¢mn@g’C g
CYm OT T

Application Note 16 Revision 1.1201510-20
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4 44& 3N; A?

The controller provides a fixed frequendgrward current mode control algorithm. The gating output PWM
OUT can baused 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 1430 kHz high enough to reduce the size of magnetismponents (TTF
transformer as well as outpuinductors) and keep reduced switching losses.

Frequency can be changed by providing a synchronization signal at SYNC pin of the controller IC (see
ICELCS02G datasheet, SYNC pin section).

The TTF stage can bel# into primary side (left handside ofFigure 14 and secondary (insulated) side
(right-hand side ofFigure 14.

PWM stage

4 9 G A e

¥ cva Secondary Side
| I
| Il

3
S B

= C6

|
1
o C5 I
R2 :lJ_|-1.| i Outpu
100nF 450V I
R i B Inf | QL\;|~~N;\(:IU_ Output H ClassName: Outpu
; F--- IR L e F-)
MURS160 PPSOR2H0CE 4 il 121
! m !
1 E D6 H SRD ) i L, ou !
1015 30CTHOZ 3
LowVolaad™— L S v | BR-Y-----4--------- RS TuF. |63V i
. —con
0 I
I
I
I
I I
N|> Hib 2 |
+ * T -+ I
J [ T This snubber can be optimized (<C, >R) L |
1 = I
B ) | I B
\TSINK Heatsink Pulse ej¢ctronics
. ge Output
Yoliage ClassName: Output

—————— e -k ===,

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 t& 3@0. In order to reduce
solution cost, butstill with a good safety margin on MOSFETs breakdown voltage, the decision is to use
500V devices.

500 V# | | F - CEssthe perfect fit, with best switching performance / system cost ratio.
The two sides of the TTF stage are analyzed in the follovahgpters.

4.1.1 44& NL; HM@I LG?L

In order to size the transformer for a 42 output starting from 38 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%. Moreove the higher the duty cycle is, the lower will be the secondary side output of the
transformer.
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Ideally 4. and Vs are linked by the following=q10.

" Eq10
W 0
W 0
0 [ T Q@ p Eqll
0 w 0 o Ymai8 o ¢

Transformer primary inductance LTRAL value has been set in order to ensure enoagimetizing current
to properly set / reset the core. During the primasyde turrton period, the magnetizing inductance is
charged by a currentj,cwhich must be reset during the turoff time. ,sgpeak is set to about 400 mA in
order to keep small theecirculation diodes and limit the recirculation current which creates EMI current
loops. 1A fastdiodes D3 and D4 are used.

. 0 (0] ogda _ it - Eq12

0 — 3 VA 5 T Chea O g

(@] Q Tnamo p o @Oaq

Specification from magnetics manufacturer follows drigure 15~here primary side inductance is higher
and allows lower values ofhq

The choice is on Pulse Eleonics (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.

UNLESS OTHERWISE SPECIFIED, TESTING IS PERFORMED AT 25 X5°C.
TURNS RATIO LIMITS ARE SPECIFED AS MEASURED WITH UNGAPPED CORES.

PARAMETER SPECIFICATIONS
OPERATING TEMP —40°C ~ 125C
POLARITY PER SCHEMATIC
TURNS RATIO (7-5) : (13,14-11,12) = 3.81 £2% (100%, @AT 100 KHz, 0.1 VRMS)
INDUCTANCE (5-7) = 3.0 mH +15% (100%, @ AT 100 KHz, 0.1 VRMS)
LEAKAGE INDUCTAMCE |(5-7) WITH 11,12,13,14 SHORTED = 11uH TYPICAL (100%, @ AT 100 KHz, 0.1 VRMS)
DCR (5-7) = 230mOHMS TYPICAL (SAMPLE)
(11,12-13,14) = 27.0mOHMS TYPICAL (SAMPLE)
HIPOT (5,7) 70 (11,12,13,14) = 4.0K VAC FOR 1 MINUTE OR 4.5 VAC, FOR 6 S (100%)
ALL PINS TO CORE = 2.0 VAC FOR 1 MINUTE OR 2.2K VAC, FOR 6 S (100%)
Figure 15 TTF transformer specification 42V, from Pulse Electronics

Primary side current derivefrom 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 fr&l4:

0 o TG

0 -— ;

W T Q@

0 o 1t KO CTIRXP W ¢c&O Eqil4

X® W Eq13
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4.1.2 44& 0OLCG; LS MC>? -/ 3&%4M

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

0 00 3 0O Gv Y a3 3 T[t[ Goad Magnetizing ~ EQ15
0 Q olvd Op o ROa current
0 o - 0 . )
. 0 P31 WD oR W P W Load current Eq16
b 0 seen b)_/
0 0 o) B D 0 primary side
‘ U U 0 w S
. . . o Primary MOS  EQ17
O O . O & ® peak current
0
O ‘O ‘O ‘O 210 ‘O MOS rms
: : current Eql8
" O-
CO

The followingFigure 16shows the naming conventions used.

A IMOSmax
IMOS(sec max)

IMOS(sec_min)

Imac

—
— ~ - —
- -~ -

Io(max)
/ ~N /
7 @ 7
~N

Io(ripple)
N
N

~N
Io(min) ~N

¢ Tor=DpwmT ¥
< T

v

Figure 16 Current shapes on primary MOSFETlvog and output inductor (1)
As well as for the PF@r the TTFstage MOSFETsZand Q3 work in hard switching, and then selection

criteria are the same as in the PFC stage: loyw@s, En, and Ex 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 irFigure 17points out the power losses of the TTFROSFET,sshowing that a minimum can
be found with Rswn-125 M . For a better cost/performance compromise the decisioalls on a 280
(max) device, like théPP50R280CEwWhich still shows a good thermal behavior and acceptable losses.

Estimated losses for each MOSFET are about{, 5vhich may reach some abovéf in hot conditions. Still
Junction temperature is fabelow 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 tahapter 11: APPENDIX B for notes on calculation of the mentioned charts.

MOSFET Power Losses in TTF stage (386,300 W,;;)

160
— Static Losses
5 M = Dynamic Losses 140
3 \ Total Losses 1205
S = Junction Temperature °
2,5 \\ — 100 £
& < <
A [}
§ 2 - 80 &
— (]
%115 i ’// . %
= TN
1 e 40 3
0,5 A - 20
o LT 0
0 50 100 150 200 250 300 350 400 450
RDS (on)é Y KO
Figure 17 MOSFET power losses for the TTF stage
Here below are listed the environment conditions uséal plot the chart.
Table 6 Conditions for MOSFET losses calculation in TTF stage
Parameter Value Remarks
TA,max 70°C =
Rinc-a) (heatsink) ~15°C/W worst case Heatsink choice from space constraints

Value considers that the heatsink is shared ¢
a multiplication factor 1.5 for nordeal
mounting, vs datasheet value iRigure 12

fsw 130kHz Switching frequency
Vhous 380V DC bus voltage, at switcbn half \{sis applied
Pin 350W Considering 85% efficiency
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MOSFET proposal istal | F - / 3280nm# $inax)IPP50R280CEwhich main parameters are shown in
Table 7

Table 7 IPP50R280CE summary of parameters. Please refer to component datasheet for details
Parameter Value
Verpss Breakdown voltage @ ambient 500V
Rs Internal gate resistance 3q
Ros(on Max Rs@ ambient 280mq
Coten Energy related output capacitance 40 pf
Coss Output capacitance 49 pf
Rinj-c TO-220 Max junctioncase thermal resistance T20 1.36 KNV

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

Note: Eventhough the magnetization currenf{cthey 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 patbually 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?MCMNI L

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¥1V giving the following result:

: W S pw - Eq19
Y - — o Y dr O
o) o b g
Asecond point to keep in mind is the power dissipation:
0 I sO0 POXO Cw Eq20

In order to fulfill both requirementsand to keep some flexibility, 3 shunt resistors of lin parallel have
been used. The choiceison7l 3-$ L? MCMNI LM¢ NSJ? 3J0SUU} NI E??21J
would cause spikes on the sensed voltage.

4.1.4 -/ 3&%WA4N? >LCPCHA

The gatedriving of the TTF power MOSFECM > H? OMCHA ; H ) H@QCH?I H %C=?$%.
2EDLO5I06BFThe gate driver IC isrmn-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 driwng section is shown iffigure 1§ QB?L? CHJON | @ NB? )# CM 307 -

control board) and G3, G2, S2 represent respectively the-tisde MOSFETate and the highside MOSFET
gate and source.

D11 and D12 are optional turoff paths and can be removed. There is no Miller induced toffieffect in

TTF, since both MOSFETS are turned on simultaneously.-darnan be soft, since the topology allows zer
load current switching and only capacitive spike take place at tuon.

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.

PWM gate driving

HV

el LLﬂgﬂﬂ_@ ClassName: HSdriver

| m[ B2 8 p— VCC
o R29 0RO 4TF _ 1 0RO
[ e [ VR 6 LIN —= (S p— |
;3 R45 1IR InF 47uF
G, 5 anp 2

\
\
\
\
\
| R42 1IR B 7 o L2 R28 } PWMOUT
\
\
\

L ZEDLnsfﬁm-' GND

D12 LL4148 NM

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 tREOSFETsallowing 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 tiHdOSFET® be controlled. In this power supply the choice of a
gate driver IC solution pairs witthe 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 dutyoty as shown in the following picture.

L __
y

[ 1]

Pulse transformer ‘
ﬂi Pulse transformer
I
| |
i =5 il
| R

Figure 19 Typical offset shifting when using pulse transformer
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Please note that the bootstrap supply cannot be applied to TTF topology to supipéy/hi-side buffer.
Auxiliary power supply is necessary.
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