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Scope and purpose

This documentpresents design considerationand resultsfrom testingan 800W65kHzplatinum serverPower
Factor Correction (PFC) Continuous Conduction Mode (G623t converter, based on:

1 XI'T 6 #1 |sHperjuritidn MOBHET ang50V CoolSiGHschottky diode generation 5
1 2EDN7524FRon-isolatedgate driver© %C=?$2) 6 %2 Hwe

1 ICE3PCSO01BFCcontroller

1 ICE2QR280Zflybackcontroller

Intended audience

This document is intended for design engineers who want to verify the performance of the |&@&G&V
CoolMOS$UL 70MI0SFETechnology working at 6 kHz in a CCM PFC boost converter along WiE = ? $ 2 ) 6 %2 H
and650V# | | F 3cBottiyldiode generation 5using aalog control
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PFC shapes the input current of the powarmply so that it issynchronizedwith the mains voltage, in order to
maximize the real power drawn from the mains. In a perfect PFC circuit,inipeit current follows the input
voltageas if it isa pure resistor, without any input current harmoniaosr phase shift

Thisdocument isintended to demonstrate the design and practical results of an 80B8kHzplatinum server
PFCdemoboard based on Infineon Technologies devices includipgwver semiconductors, nonisolated gate
drivers and aranalogcontroller for the PFC converter as well aglgback controller for the auxiliary supply

1.1 41 J1 FI AS

Although active PFC can be achieved by several topologies, the boost convéiiguré 3 is the mostpopular
topology used inserverPFC applications, for the following reasons:

1 The line voltage varies from zero to some peak valtgpically 375 W, hence a step up convertes needed
to delivera DC bus voltage of 38MZor more. For that reason the buck converter is eliminated, and the
buck-boost converter has high switch voltage stress, ), therefore it is not popular.

1 The boost converter has the filter inductor on ¢éhinput side, which provides a smooth continuous input
current waveform as opposed to the discontinuous input current of the buck or bibdost topology. The
continuous input current is much easier to filter, which is a major advantage of this deagamy additional
filtering needed on the converter input will increase the cost and reduce the power factor due to capacitive
loading of the line.

Boost Key Waveforms

NN DC Bus T=1f
DT
Vac PFC _l_ DC/DC : - >
( Converter _|_ Converter | Load] _— Vin
I Lmax Vin-Vo
{L IﬁL /\I_Lmu)
I_Lmax -
IS
I Lmax
ID I Lmin
v, 1 )
V—=1-D (CCM operation)
Figure 1 Schematics and key waveforms of a boost PFC converter
1.2 0&&@1I >?M | @ |1 J?L; NCI H

The boost converter can operate in three modé&3ntinuous Conduction Mode (CCMMDiscontinuous
Conduction Mode (DCM), an@ritical Conduction Mode (CrCMFigure 2shows modeled waveforms tdlustrate
the inductor and input currents in the three operating modes, fexactlythe same voltage angoower
conditions.

By comparing DCNb the othermodes DCM operation seems simpler than CrCM, sincaitoperate at
constant frequency; however DCM has the disadvantage that it has the highest peak cuapdtas a result the
highest ripple currentthrough the inductor, whencompared to CrCM and also to CCM. This represents a
disadvantage irperformancewhencompared to CCM.

V1.0
20170302
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Continuous Conduction Mode (CCM) Critical Conduction Mode (CrCM) Discontinuous Conduction Mode (DCM)

Figure 2 PFGnductor current and average input current in the three different operating modes

CrCM may be considerdd be a special case of CCM, where the operation is controlletetoain at the
boundarybetween CCM and DCM. Cr@dMmally uses constant ortime control; the line voltage is changing
across thes0/60 Hz line cycle, the reset time for the boost inductor is varying and the operating frequency will
also changdn order to maintain the boundary mode operation. CrGkhuiresthe controller to sense the
inductor current zero crossing in order to trigger the start of the next switching cycle.

For fixed switching frequency operation, the input voltage and power output of the PFC will determine the
operation mode In this way we may ave:

1 Complete half AC cycle in CCM operation mode
1 Complete half AC cycle in DCM operation mode
1 DCM and CCM operation modes during half AC cycle

The boundaries betweetheseoperation modes can be calculated theoreticallgsshown inFigure 3

CCM-DCM Boundaries

CCM-DCM

DCM

a0 110 130 150 170 190 210 230 250 270
Vin (Vrms)

Figure 3 PFC operation mode boundaries

The control mode of the PFC topologssed in this demoboards focused on the constant switching frequency
operation cortrol mode, due to its advantage of simplified input filtelhe used PFC controlléandlesDCM
and CCM operation modeyhich highly depends on the input voltage and output load conditians

Application Note 4 V1.0
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Power stage
2 Ol QML A?
2.1 3J?s5C@ICHM
Table 1 Input requirements
Parameter Value
Input voltage range, ¥ range 90V ACk265V AC
Nominal input voltage, W 230V AC
AC line frequency range,d 47%63 Hz

Max peak input current;| .,

10 Aws@90 V ACP,,; =800 W

Turn on input voltage \, o,

80V ACk87V ACramping up

Turn off input voltage \,, o

75V ACk85V ACramping down

Power Facto(PH

Greater than 0.95 from 20% rated load and above

Hold up time

10 ms after last AC zero point B ma= 800 W,

Vout_min: 320\/ DC

Total Harmonic Distortion(THD

<15% from 10% load @ighline, for class A
equipment

Table 2 Output requirements

Parameter Value

Nominal output wltage, 380V DC

Maximum output power, B, 800 W

Peak output power, B max 1 kw

Maximum output current, d max 2,1A

Output voltageripple Max 20 Y.« @ V. and b,
Maximum output overvoltage threshold 450V DC

Minimum output overvoltage threshold 420V DC

Table 3 Efficiency at different load conditions

Value Conditions
> 95% @ 50% of the load Vjy= 115V AC
> A% @ 100% of the load Viv= 115V AC
> 97% @ from 50% of the load Viv= 230V AC

2.2 %- @FN?L

The EMI filter is implemented as a twatage filter, which provides sufficient attenuation for bothifferential

Mode (DM) an€Common Mode (CM) noise.

Application Note

V1.0
20170302



o _.
PFC demoboard based cBooIMOSHs 0 XXI'T 6 |nf|neon
800 W 65 kHz platinum server design ’

Power stage
IC y IC y
@ AAA
R_V
AC Cx Cx Cx PFC
Line ﬂ _— Lem s Lcm Boost
o Y Y Y
I I
Figure 4 Two stage filter structure

The two high currenCMchokes L cm are based on high permeability toroid ferrite cores.

1. 2x26 Turns/ 2 x 4,/6H
2. 2x28 Turns/ 2 x 5riH

The relatively high number of turns causes a considerable amount of stray inductance, which ensures sufficient
DM atenuation

2.3 "LCALAR2Z=NC@C?L

The bridge rectifier is designed for the worst case: maximum outpatver and minimum input voltage.To
calculatethe input current, an efficiency of 94% (at,¥ 90V AQis applied.

MaximumRMSyvalue of the input current

Pourmax _  800W

I = - = 9,464
INRMS = 0 Vinrms 0,94+ 90V
Maximum RMScurrent value per diode
V2 Iy gus
Ipr—p RMS = — 6,68 A4
Maximum averageurrentvalue per diode:
V2- Iy
IBR—D_uvg = INRMS 4,264

Due to the calculatedaverageand effective current values, the rectifier type LVB2560 with very low forward
voltage drop was selected. This 800device has sufficient voltage reserve with %265V ACThe smaller size
types GBU and KBU are only available for currents up té\16or the following formula,ptwas extracted from
the characteristic curve of the data sheetF 100 °C).

Conduction losses of a rectifier diode:
2
Ppr-p = Igr—p_avg " VBr-p + (IBr-ppps) *Tp =426 0,5+ (6,68)*- 0,016 = 2,84 W

Total losses of the rectifier:

Prpc=4-Pppp=4-284W =1136 W

Application Note 6 V1.0
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2.4 O&# =BI E?

The PFC choke design is based on a toroidal high performance magnetic powder core.

H

Toroidal chokes have a large surface area and allow a good balance, minimizing coreviamlihg losses, and
achieving a homogeneous heat distribution without hot spots. Hence they are suitable for systiraisare
targeting the highest power density with forced air cooling. Very small choke sizes are feasible.

Figure 5 Picture of the PFC choke

The chosen core materials HIGH FLUXom Chang Sung Corporations (CS@hich has an excellent DC bias
and good core loss behavior. The part number is CH270060. The outer diameter of the conais.27

The winding was implemented using enameled copper witdVG19 (1 mm diameter) The winding covers
approximately 2.5 layers This arrangement allows a good copper fill factor, while still having good AC
characteristics, and is a preferred fill form factor for high power toroidal inductors.

There are @ turns, taking advantage of the highermitted DC bias. The resulting small signal bias inductance is
603 uH. Theeffective inductance with current bias is determined by the core materiaHR:haracteristics and
illustrated as follows:

Current dependentinductance of the PFC choke
6,50E-04
6,00E-04 ——
5,50E-04 ™~
] \
T 5.00E-04 ™
o \
2 4,50E-04 ~
g 4,00E-04 ™~
3 ] \
o P,
£ 3,50E-04 ~—_
3,00E-04 —
2,50E-04
2,00E-04
0,00 5,18 8,07 10,36
Input current (A)
Figure 6 Input current dependencyof the inductance of the PFC

The effective inductancea current ripple ratio of 3@ together with the switching frequency o65kHz, produce

a relatively low current ripplehat supports the whole system performance. The peak and RMS currents for the
semiconductors and filter components are minimized. The low ripple design achieves low core losses, which is
important for light load performance of the system

Application Note 7 V1.0
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Table 4 PFC choke losses at 800 WakHz (calculated results from a magnetic design tool)
Input voltage(V) Pcord W) Pwinoines @ 100WV) Prora(W)

115 0.99 591 6.90

230 0.92 1.48 2.39

2.5 ) HQCH QBIMIGC=]1 H>O0O=NI LM

2.5.1 XKIa# 1 1 - /03

The# | | - | 78 ¢neration platform is a revolutionary technology fdrigh voltage power MOSFETS, designed
according to the superjunctior(SJ) principle and pioneered by Infineon Technologies. The®&0l | F- / 3 HL O
M?2LC?M CM NB? MO==7? MMIcombMés thalliB:Refitstof d fast switshibg SIMOSFET VGR? M5
excellent easef use, e.g. very low ringing tendency, outstanding robustnesthefbody diode against hard
commutation and excellent ESD capabilitiFurthermore, extremely low switching and conduction losses make
switching applications even more efficignmore compact and mucleooler.

2511 $?MGAH?G?HN; NCI H

Based on the analysis of several current server PSUs and customer feedback, it is a common practice to
implement two MOSFETSs in parallel in the classic PFC topology for improving thermal performangedoth
normal and critical operating conditionsuch asAC line drop out. As a result, this demo board sisgo 180 nW
TO220 MOSFETSs working in parallel. Thpproachhas the advantage of loweringoth switching and
conduction lossesn both devices dring the highestinductor currentat low linecompared to a single TQ47
approach.

2.5.2 &; MN=B; HH?”H FOsMI| Ff Q?MCNRCP ? L
25.21 ) HNLI >0=NCI H

The 2EDN7524 is a namverting fast duatchannel driver for lowside switches. Two true ratio-rail output
stages with very low output impedance and high current capability are chosen to ensloeehighest flexibility
and cover awvide variety of applications.

All inputs are compatible with LWYTL signal levels. The threshold voltag@gith a typical hyseresis of 1V) are
kept constant over the supply voltage range.

Since the 2EDN7524 particularly aimed at fast switching applications, signal delays and rise/fall times have
been minimized. Special effort has been made towamiinimizing delay difference between thewo channels
to very low valuegtypically 1ns).

The 2EDN7524 driver used in this demo board comes in a standarBD$@8 package.

2.5.2.2 $LCIONU ONM

The two raitto-rail output stages realized with complementary MOS transistors are able to ghewa typical 5A

of sourcing and sinking current. The emesistance is very low with a typical value below @ 7or the sourcing
p-MOS and 0.9 for the sinking AMOS transistor. The use of aghannel sourcing transistor is crucial for
achieving real rd-to-rail behavior and not suffering frotheM| OL =? @I FFI Q?LAM Pl FN; A?
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Gatedrive outputs are held active lowfor of floating inputs (ENX, Inkor during startup or power down once
Under Voltage Lockout{VLQis not exceeded.

2.5.2.3 SH>?L 61 FNOSA®, /,d =EI ON

The UVLCOfunction ensures that the output can bevdgtched to its high level onlyf the supply voltage exceeds
the UVLO threshold voltage. Therefore it can be guarantdledt the switch transistor is not operated if the
driving voltage is too lowa completely switch it onthereby avoiding excessive power dissipation.

The default UVLO level is set to a typical value ofMd2 8 V (with some hysteresis). For higher leseduch as
HV SMOSFES, aminimum active voltageof 8V is used.

2.5.3 #1 8 e Bl MAEBR?H?L; NCI H B

Selection of the boost diode is a major design decisionaltCM boost convertebecausethe diode is hard
commutated at a high current and the reverse recovery can cause significant power &sssiell asnoise and
current spikes. Reverse recovery can be a bottleneck for high switching frequency and high power density
power supplies. Additionally, at low line, the available diode conduction duty cycle is quite low, and the
forward current quite high in proportion to the averageucrent. For that reason, the first criteria for selecting a
diode in a CCM boosfcircuit are fast recovery with low reverse recovery charge, followed bypérating
capability at high forwardcurrent.

Since CoolSidHuSchottky diodes havea capacitive charg, Q:, rather than reverse recovery charg€: their
switching loss and recovery time are much lowehan a silicon ultrafast diode leading to enhanced
performance. Moreover, SiC diodes allow higher switching frequency desigtence, higher power density
convertersare achieved.The capacitive charge for SiC diodéesnot only low, but also independent fodi/dt,
current level, andtemperature; which is different fronsilicon diodes that have strong dependency on these
conditions.

The ecommended diode for CCM boost applications is the 860 | | F Schdttkisdiode generation 5, which
includes) H@CH?1 HAM F?; >CHA 2 a AMiffusioN 3ck&iHgl gfoceALahd WafeMtmiBg ; M
technology. The result is a new family of produdisat show improved efficiency over all load conditions,
resulting from the improved thermal characteristicsEEvenwith the high surge current capabilitpf SiCSchottky

diodes, it is still preferred to use a bulk preharge diode This is a low frequencytandard diode witha high Pt

rating to support prechargingthe bulk capacitor to the peak of the AC line voltage; this is a high initial surge
current stress (which shoulthe limited by a series NTC) that is best avoided for the HF boost rectifier diode.

The propercurrent rating of the PFC diode must bealculated by considering 1,30 1,5 timesthe RMS current
of the diode, whichis expresseds:

; :POUT_M’AXX B'Q'VIN_RMSZ 800 " 8'\/2'90:504214
D_RMS Vin ruts 11 3.7 Vour 90 - 0,94 3-7-380 ,

In this demo board, a 8IDH)6G65C5 diodés used

2.6 /| ONJON =;J; =CNI L

Possible oveivoltages require theselection of a 450 V (low impedance) type capacitor. The minimum
capacitance is defined by the minimum hold up time and the minimum allowable IID& voltage of the system
or the maximum allowable voltage from the 2x line frequency AC ripple current

1 t,=10ms
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T Veulkmin = 320v

2+ Poyr max * thy

Ch =381 uF

= y2 2
VBULK - VBULK_min

The chosen capacitor ia 470 pF@450V30mm x50mm electrolytic type.

2.7 (?; NMCHE ; H> =11 FCHA @; H

Heatsinks for the rectifier and power semiconductors are madeom a 1 mm copper plate.
Fan speed control operation depends on the board/heatsink temperature. There are two speed levels, the fan
operates with low speed at 57°C and increases to high speed above 79°C.

Application Note 10 V1.0
201703-02



o _.
PFC demoboard based cBooIMOSHs 0 XXI'T 6 |nf|neon
800 W 65 kHz platinum server design ’

ICE3PCSO01G PFC controller

3 ) # %f O0# 3 HrHNLOI&RF ? L

The ICE3PCSO01G is apid controller IC folPFCcircuits. It is suitable for wide rangkne input applications
from 85 to 265/ AGwith overall efficiency above 97%. The IC supports tmaverters in boosbperation and
operates in CCM with average currestintrol by regulating Ry, without the need fe input voltage sensing
except for brown out detection

—_
Boost Rectifier

° Y Y | »

Vi
L Boost Vpe Out R
Inductor I
DC
Co

LP Filter

LOAD

11T

—
—e

Vref
EA
. I o
0sC ‘

lL(aV) s T Toff Min
/NI HL

Figure 7 Simplified block diagram concept for PFC PWM modulator of the ICE3PCSOx series

The IC operates with cascaded contrmdmprisingthe inner current loop and the outer voltage loop. The inner
currentloop of the IC controls the sinusoidal profile for the average input current. It uses the dependency of the
PWM duty cycle on the line input voltage to determine the corresponding input current. This means the average
input current follows the input voltaye as long as the device operates in CCM. Under light load conditions,
depending on the choke inductance, the system may enB¥CMresulting in higher harmonics but still meeting

the Class D requirement of IEC 168@ (EN 6100@3-2). The current sense antifier filters and amplifies the
Isensesignal and provides a current loop bandwidth control via the ICAP pintti@rexternal compensation

capacitor.

The outer voltage loop of the IC regulates the output bulk voltage and is realized digitally withinGhesing a
delta-sigma converter operating at about 3.4 kHz to digitize the voltage feedback signal. Depending on the load
condition, the PID signal is converted to an appropriate low frequency voltage that controls the amplitude of
the current loop by mans of a variable voltage ramp generated at the switching clock frequency, which is also
sent to the PWM comparator. The current charging the ramp generator is a function of the error amplifier
feedback level, plus some nonlinear block signal processing.

The digital PID has some unique features that give it some regulation advantages when compared with
conventional OTA amplifiers, while still realizing low harmonic distortion and high power factor.
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PWM Generation
VSENSE
. ZA-ADC 2xLine | Nonlinear
J Notch Filter PI Loop EA Gain Block
. | Ramp
Generator
Figure 8 Digital error amplifier system concept with 2x lifeequency notch filter

The self calibrating 2x line frequency notch filter greatly reduces the distortion effects from feedback of the
bulk capacitor ripple, while allowing somewhat higher gain, which translates to better load step transient
response.

ThelC is equipped with various protection features to ensure safe operation for the system and the device.

3.1 31 @N LN

During powerup when \uris less than 96% of the rated levehe internal voltage loop output increasefrom
the initial voltage under softstart control. This results in a controlled linear increase of the ingutrrent from0O
A.This helps to reduce the current stress in power components.

Once Vurhas reached 96% of the rated level, the seffart control is releaed to achieve good regulatioand
dynamic response andhe VB_OK pins raised to5 V indicatingthat the PFC output voltagés in the normal
range.

3.2 3QCNE@8BTKHA? H=S

The switching frequency of the PFC converter can be set with an external resisteraRached between the
FREQin and SGND. The voltagen the FREQin is typicaly 1 V. The corresponding capacitor for the oscillator
isintegrated in the device and the fredfrequency is given in Figur8. The recommended operatinfrequency
range is fom 21 kHz to 250 kHEor this demo board,a Rreqof 68 kq at the FREQpin will set a switching
frequency(fsw) of approximately 65kHz(typical).

Frequency vs Resistance
WO T T O] -
=+ —|—t+ + '+ —|— | Resistance | Frequency Resistance Frequency
240 A fxohm kHz Ikohm IkHz
oo AT AT 15 278 110 40
o 58 b nd nhta be nd s BRL 249 120 3%
L -{- Y L IR L L LA N P 211 130 34
180 R B e 30 141 140 315
n . HIM R+ H
E R RN GREN AR PR 40 106 150 295
o 140 b 50 86 169 262
5 o TN TOTATITE 60 74 191 %
E A B A
g .0 FrH A T Ol 7o 62 200 2
fra LTI OINLT T [T 80 55 210 212
80 T EL‘\ e 90 49 221 202
e Bl e~ G il
Iy A o o 43 232 192
40 Tt o L L LA L L L L B
o TAT T O T AT OT AT e O DT T T [
D B o o A B L o O i B R
10 20 30 40 50 60 7O &0 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Resistance/kohm

Figure 9 Frequency setting in the ICE3PCS01G IC
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ICE3PCSO01G PFC controller

3.3 OLI N?@NEROH?”M

3.3.1 [ JHI JL1 N?=NCI H

Open loop protection isavailable for this IC to safeguard the outpand is implemented using a comparator
with a threshold of 0.5 V. Whenevtte voltage atthe VSENSEIn falls below 0.5 V, ocequally Voutfalls below
20% of its rated value, it indicates an open loop conditi(ire. VSENSE pianot connected). In this case, most
of the blocks within the IC will be shutdownNormally the bulk precharge diode will charge the bulk
capacitance to a value higher than this, so this voltage range will occur.

3.3.2 0?,=BGLLREBREN

ThelC provides a&ycle-by-cycle Peak Current Limitation (PCL). It is active when the voltagethe ISENSE
reaches-0.2 V. This voltage is amplified by a factor®fand connected tahe comparator with a reference
voltage of 1.0 V. A deglitcher withvalue of200 ns after the comparator improves noise immunity the
activation ofthis protection. In other words, the current sense resistor should be desigtete lower thanthe
-0.2 V PCL farormal operation.

3.3.3 ) ¥DJ J5F6S, /

Whenthe supply voltagévcis below the under voltage lockout threshold-Yuvie(typically 11V), the IC is
turned off and the gate drivés pulled low internally to maintain the off state. The current consumption is
reducedto only 1.4 mA.

3.34 $# PFCAHNEIAPCNIH,;, <@BRENH

The IC monitors the bulk voltage status throughe VSENSE pin and outpsia TTL signal to enablthe PWM IC
or control the inrush relay. During sofstart once the bulk voltage is higher than 9586 the rated value, pin
VB_OKs raised toa high level The threshold to trigger the low level determined by the externally adjustable
voltage on theVBTHLpin.

Whenthe VBTHLpin is pulled lower than 0.5/, most functional blocks are turned off and the I€nters into
standby mode for low power consumptionWhen the disable signal is released the IC recovasasoft-start.

Application Note 13 V1.0
201703-02



o _.
PFC demoboard based cBooIMOSHs 0 XXI'T 6 |nf|neon
800 W 65 kHz platinum server design ’

ICE2QR2280Z controller for the auxiliary converter

4 ) # %F 128 AHNIL:l FF0RC@CE RMBRN? L

4.1 ) HI ONONHOGN L?KOCL?G?HNM

The voltages needed to supply the control circuitry and tifien is provided by thededicated flyback DGDC
converter ICE2QE280Z, which is assembled on the power boaiithe DAink voltage suppliesuch converter

Table 5

Parameter Value

Input voltage range, Y in range 125 Vo450 Ve
Nominal primary output voltage, ¥ pi 12 \c+/-10%
Nominalsecondary output voltage, ¥ s 12 \f+/- 10%
Maximum output power, B, 6w

4.2 &FS<; =E NL; HM@I LG?L

The transformer design is based on a gapped ferrite cBEe 16/8/5vith a horizontal arranged bobbin. The total
air gap is ® mm. The selected commaterial is TDK N87 or equivalent.

The turn ratio was chosen to be 184:15:15, resulting in 150 V (approximately) reflected primary transformer
voltage.

0000000000 O0OCOO0 s=15
COO0O0000000O0000O0O0 p.=15

0000000000000 C000000000000000000000000000000000 p1(d)=(46)
0000000000000 000000000C0000000000000000000000000 p1(c)=(46)
000000000000000000000000000000000000000000000000 p1(b)=(46)
000000000000000000000000000000000000000000000000 p1(a)=(46)

Figure 10 Winding arrangement

The secondary winding (S) has safety insulation from primary side, whi@mjgemented using triple insulated
wire. The other windings are made of standard enameled wire. The high voltage primary winding (P1) is split in
to 4 layers

@5 40
pe18d v o |
I s=15
- . 20
p,=15 E o6
1 O

Figure 11 Pin arrangement, top view
Application Note 14 V1.0
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ICE2QR2280Z controller for the auxiliary converter

4.3 3QC=BCHKAO?H=S
The ICE2QR2280Z igjaasiresonant PWMontroll? L QCNB CHN? AL; N?> 3TT 6 #I1F
frequency depends on load power and input voltage and is between 40 kHz and 130 kHz.
W FORM MENU
L] Vin=100 VDC
e (CHa-Drain-Source Voltage
e CH2-Shuntvoltage (R3,99Q)
] AUTOD
CURSORS
e V=400 Vpc
[ l | L I e CHa-Drain-Source Voltage
™
‘ \ ¢ CH2-Shuntvoltage (R3,90Q)
|
|'
I_J L
t
1 0C 588 v
O AUTOD
Figure 12 Waveforms of thewxiliary power supply
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Experimental results

5 %RJIJ?LCG?HN; F L?MOFNM

5.1 % @@C HRE?Hi=(SE? ; MOLG? HNM

%@@C=C?H=S G?; MOL?G?HNM Q?L? =dgialpowermeterNsse® GfthB EMI &
filter are included. The famwas supplied from an external +12 voltage source.

Table 6 Measuementsat {y o= 115V AC

Pout_load V|N_Ac I|N_Ac PIN VOUT I|N POUT h PF iTHD (%)
(%) (\)) (A) w) M (A) w) (%)

10 115,36 |0,71 80,81 379,9 0,20 76,39 94,53 0,986 7,81
20 115,32 | 1,43 163,57 |379,9 0,41 157 95,98 0,994 8,83
30 115,28 |2,15 246,66 379,9 0,63 237,82 96,42 0,997 6,71
40 115,24 | 2,87 329,9 379,9 0,84 318,5 96,54 0,997 5,99
50 115,20 |3,60 413,7 379,9 1,05 3994 96,54 0,998 5,97
60 115,16 |4,33 497,6 379,9 1,26 479,9 96,44 0,998 5,90
70 115,12 |5,07 582,2 379,9 1,48 560,6 96,29 0,998 5,56
80 115,09 |5,76 661,4 379,9 1,67 635,8 96,13 0,998 5,52
90 11,05 6,50 746,8 379,9 1,89 716,1 95,89 0,998 5,47
100 115,01 |7,26 833,1 379,9 2,10 796,9 95,65 0,998 5,61
Table 7 Measuementsat {y ac= 230V AC

Pout_load V|N_Ac IIN_AC PIN VOUT I|N POUT h PF iTHD (%)
(%) (\) (A) w) (\) (A) w) (%)

10 230,92 0,41 79,67 379,97 0,20 76,31 95,78 0,851 14,79
20 230,9 0,73 161,71 379,96 0,41 157,03 97,11 0,958 8,82
30 230,88 1,08 243,81 379,95 0,63 237,96 97,60 0,980 5,11
40 230,86 1,43 325,72 379,96 0,84 318,66 97,83 0,989 3,47
50 230,84 1,78 407,74 379,95 1,05 399,52 97,98 0,992 2,82
60 230,83 2,14 489,74 379,94 1,26 480,19 98,05 0,994 3,66
70 230,8 2,49 571,88 379,94 1,48/ 560,89 98,08 0,995 3,75
80 230,79 2,82 648,5 379,94 1,67 636,2 98,10 0,996 3,73
90 230,78 3,18 730,7 379,93 1,89 716,7 98,08 0,997 3,74
100 230,77 3,54 813,1 379,96 2,10 797,5 98,08 0,996 4,35
Application Note 16 V1.0
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800 W 65kHz PFC Demoboard Efficiency

99,00
98,00
97,00
’B'g‘ - Ef.ﬂdency at
- \ Vin = 115 Vac
P \»\
< 96,00 —
-% .’ \0 —m— Efficiency at
£ Vin =230 Vac
95,00 /
4
94,00
93,00
10 20 30 40 50 60 70 80 90 100
Load (%)

Figure 13 High and low line efficiency whengR.= 15Wand R _««= 2,2W

800 W 65 kHz PFC Demoboard Power Factor

1,000 = * &
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0,980

0,960
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—4—PFatVin=
w 115 Vac
& 0920
~#—PFat Vin =
230 Vac

0,900 /
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0,840 |
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Figure 14 Powerfactor at high and low line
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Figure 15 Input currentTHDat high and low line
In order to demonstrate the attractive performance of the |l | - /P3,&lditional efficiencytests were made
on the demoboard with previous# | | - /té&h#wlogy solutions as well as with the most commigrused

competitor devices.

97,00

96,50
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Efficiency (%)
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800 W 65kHz PFC Demoboard Efficiency
with different SJ CoolMOS Technology MOSFETs
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=—4—P7 @ Vin =115Vac
when Rg_off =2,2
Ohms

——P6 @ Vin = 115Vac
when Rg_off =3,3
Ohms

CP @ Vin=115Vac
when Rg_off =22
Ohms

== Competitor 1 @ Vin =
115Vac when Rg_off =
5,1 0hms

== Competitor 2 @ Vin =
115Vac when Rg_off =
2,2 Ohms

Figure 16

competitors with Rys onclose to 180 V.
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800 W 65kHz PFC Demoboard efficiency difference
among different SJ CoolMOS Technology MOSFETs
0,15

0,10

0,05

! —4—P7 @ Vin = 115Vac

0,00 €= when Rg_off=2,2
10\ 20 30 40 50 60 70 80 90 100 Ohms

—f—P6 @ Vin = 115Vac
when Rg_off =3,3
Ohms
CP @ Vin =115 Vac
when Rg_off =22
Ohms

Efficiency difference (%)

Comp 1 @ Vin =115
Vacwhen Rg_off =5,1
Ohms

-0,30

Load (%)

Figure 17 Efficiency difference among selecte8llIMOSFETs from Infineon and closest competitarish
Ros_onclose to 180 r.

5.2 3N; H><S JI Q?L =1 HMOGJNCI H
MeasurementgperformedQCNB ; & 7 4 f digit#Epodver rReteAsha@red the following results for
standby power consumption of the demo board at no load:

Table 8

Vin= 115V AC Vin= 230V AC

ln< 100mA RMS Iy < 200mA RMS

Pour< 1 W Pour< 1 W

5.3 %@@C=C?H=S P?LMOM -/ 3&%4M MNL? MM

During the design process, there is always a traafé between achieving high efficiency and semiconductor
stress if the derating guidelines of IPC 9592 standard are to be fulfilled. This stress depends on drain current,
drain to source voltage, stray inductances of the package and PCB as well as the switching speed (di/dt).
Depending on the requirements of the application, the designer can select the proper value ofdorand
turn-off gate resistors to achieve certain effency at a certain stress on the MOSFET.

The design for this board iaimed at achieving high efficiency by having very low switching losses in the
MOSFETSs. This is achieved by using very low-taifrresistors for each of the MOSFETs with a value.2W2
Compared to previougt | | - /t&bologies,ncluding CP and P6, the latest P7 technology keeps theinlta
source voltage below the @4 derating factorduring normaloperation, i.e. < 48/ DG and showslower ringing
effects during turroff. This gives aignificant advantage tothe designer when developing higkfficiency PFC
converters withouta noticeable effect in EMI performance.
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Furthermore, Cod- / 3 P represents our best cogiérformance ratio device compared to any previous
Cod- / 3teehnology devices already in our portfolio.

54 , | ;N#?2J M
Key to the followindigures:

1 CH2(blue):load current
1 CH2 (greeh PFC output voltage (with an offset cd@V DG

Figure 18 Load step0%C 100% at \,= 115VAC

Figure 19 Load step: 0% 100% at ;= 230V AC

Figure 18&nd Figure 19llustrate the response of th&FC converteduring a load step frormo load tofull load
with a voltage undershoot down t825V DGnd 344V DCrespectively After suchan abrupt load demand, the
PFCcontroller returns toregulationin around 40 ms.Comparing both output voltage regulation responses , it
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