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Scope and purpose

This document introduces a complete Infineon system solutifor an 800 Wserver power supplywhich
achievesthe 80PlusRPlatinum®standard. Thepower supply is composed of @ntinuous Conduction Mode
(CCMPower Factor Correction (PFCxonverterand a halfbridge LLC DOC converterThis documentfocuses
on the necessary microcontroller configuration artthie implemented controlfor adequate system
performance which is demonstrated with test results.

The Infneon componentausedin the 800W server power supply are:

1 600 VCoolMOE C7 superjunction MOSFET TO247 4pin and TG220 packages as well &0 VCoolSiE
Schottky diodeGen5

40 Vand 5 VOptiMOE 5MOSFETs

1EDI20N12AF isolated and 2EDN7524Fisofated gate drivers (EiceDRIVER
XMC1402 and XMC4200 microcontrollers

) #%U0 1200t F 'QRfiydadk EoBtrdiéert

Intended audience
This document is intended for design engineers who want to verify the performance of

1 The600 MCoolMO$% 7#MOSFET technobyin TG247 4pin package in hareswitching topologies like the
CCM PFC boost converteorking at 65kHzalong withthes S7 6  #Sthbttky3d©detsen5
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Summary of the 800 W Platinum® server power supply

1 The600 CoolMO$% 7#MOSFET technology in seswvitching topologies like the LLC working at a msant
frequency around 18 kHz

1 The isolated and the nosisolated gate driverdrom the% C=? $ 2 ) faniiy2 + ) #

1 The flexibility and performanceower of the XMC"microcontrollers for server power supplies
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ThisApplication Note provides a very detailed descriptionfahe design considerationsind operation under
both steady-state and abnormaloperating conditions, as well as results of a total Platinu®efficiency
compliant server power supplyby usingseveraldifferent InfineonTechnologies semiconductorganging from
power MOSFETSs to microcontrollers

Below is a summary of the key features that this demo board offers when used as a reference for power
supplies in server applications:

 Attractive compact design in 30 WArorm factor

1 Efficiency that outperformghe Platinum® efficiency standard througlut the entire load demandht both
115V AGnd 23V ACas shown irPerfomance and steadystate operationFigure 41in section 6.1

1 Low Total Harmonic Distortiof THD)and highPFresponse, as showin Figure 42and Figure 43
respectively, from 20% of the load

1 Fully digital controlimplementation in both the PF®oost converter using XMC1400, as described in the
Powerfactor correction stage section, and the LLC resonant converter using the XMC4200, as described in
the LLCresonant DEDCconverter section

1 High performance acléved by using Infineon Technologies best-class devices:

o Single TG247 4pin 600 VCoolIMOS$"C7 SJ MOSFET in the R¥®st converter along with a
single TG220 6® VCool3C™ schottky diode Gen5

0 TO220600 VCoolMOS$"C7 SJ MOSFH the primary side ofhe LLC resonant converter and
OptiMOS"5 4 Vand % Vas Syncionous Rectification(SR)and ORing MOSFETS, respectively

o EiceDRIVER1EDI isolated and EiceDRIVEREDN norisolated gate driver ICs
0 QRiflybackcontroller ICE2QR2280G CoolFET

1 Robust and realiable operation under different abnormal conditions:
0 Smooth irrush current during startup as shown irFigure 46

o Power Line DisturbancéPLD)events, likeAC line Drop Out (ACLDOas described ifTable 8 as
well asvoltage sags as describes ifiable 9

0 Brownout reaction as shown ifrigure 58
0 Loadstep reponse at different abrupt load changes akownin Figure 5%nd Figure 60

o OverCurrent (OC)condition reaction as described in th@©verCurrent Protection (OCP)section,
as well as the response of tHeSUin case ofa short-circuit event, asshownin Figure 65

1 Fully compliant with both peak andwverage Class B conducted EMI EN 55022 standard limits, as shown in
Figure 66and Figure 67

Application Note 5 Revision 1.0
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This document presents an Infineon system solutiéor an 8@ Wserver power supplyn 30 Win®. The
evaluation board consists of a classi€CMPFCboost converterwith average current control BAGDC stage.
The PFC converter provides regulated bulk voltage frarmaniversal AC input, while it demands higguality
current from the grid. ThédGDC stage israLLC resonant convertekvhich provides 2 Vregulated output.
Both converters have a dedicated Infineon microcontroller to manage the converter control as well as the
system behavior.

Figure 1shows a blocldiagram of the implemented power supply with the blockss described In addition, an
ORing switch is implementedn anticipation of the efficiency of a full system solution, eveéhough no advance
ORingfunctionality is implemented.Furthermore, an 4C ctannel isreserved in the secondary controller, which
enablesPMBus communicatiorimplementation.

85~265 Vac Primary Sync Rect

Driver Driver Driver Driver
Communication _Digital
< > isolator < > ‘ '
E— UART
. or
AUX Supply PMBUS
Figure 1 800 Wserver power supply block diagram

The target level of the 8DWserver power supply i®latinum®efficiency according tahe 80Plus’ standard. As
shown inFigure2, this efficiency level is reached with a wide margin, which makes the obtained efficiency close
to Titanium®level for light andfull-load.

Efficiency 800W server power supply
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Figure 2 Measured efficiency of the 800 Wserver power supply compared to the Platinum ®and

Titanium ®standards
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2.1 3J?=C@C=; NCI HM

This sectiondescribesthe main electrical specifiations of the Infineon server power supply evaluation board
for both input and output.

The requirementdor the universal AC input are introduced Fable 1 as well the required holdip timesto
provide regulated output when the AC input is not present.

Table 1 Input requirements
Parameter Value
Input voltage range, W range 900265V AC
Nominalinput voltage, \ 230V AC
ACline frequencyrange, fc 47063 Hz
Max peakinput current, Iy max 10Acms@ Vo = DV ACPout_max = 800W
Turn-on input voltage, \ on 80087V ACramping up
Turn-off input voltage, W_o 75085V ACramping down
PFC PF Shall be greater than 0.9 from 20 rated load and above
Hold-up times 10ms after last AC zero point @,Pmax
20ms after last AC zero point @50 Pout_max
THD <10% from 20% load @igh-line, for class A equipment

In the case of the regulated2lVVoutput, the requirements are shen in Table 2 It should be mentioned that
the output voltagedynamic range considered must bmaintain not only in dynamic load conditionsbut also
in case ofPLDof the AC input.

Table 2 Output requirements
Parameter Value
Nominal output voltage 12.2V+ 2%in static conditions at nominal W
Nominal output current 67A
Output voltage ripple Max 120mVpkpk at by =67 A
Output OV set point Min 135 Vmax 4 V
Output OC threshold 30s up to 74A
10s up to 83A

Max 1Ims over 83A
Dynamic output voltage variation +240mV

Note: Loadstep 3033A and 3866 A with 0.544us current
slope
Note: Input voltage variation and PLD
Application Note 7 Revision 1.0
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Table 3 Overal efficiency target

Load condition Efficiency @low-line Efficiency @ high-line
20% 90% 90%

50% 92% 94%

100% 90% 91%

2.2 ) H@CH?+ BIHI MP SC2MH>0=NI| LM

22.1 st f# 16l F* #T3

The606 #I1 1 F-/3+ #T M?LC?M | @ >?PC@@MFI @@? MM=t GJ SE? > L
CP, offering a Gallke level of performance in PFC, TTF and other havdtchingNIl J I FI1 AC? MZ 4B?
C7 delivers an areaspecific onresistance (BsonfA) of just fj per mn¢ ? RN? H>CHA ) HQCH?
products with lowest Bsonper package to support customer efforts to further increase power density.

The 600 VCoolMOS C7 series features uHmv switching losses and targets higbower SMPS applications
such as server, telecom, solar and industrial applications requiring high efficiency and a redugddof
Materials BOM as well adow Total Cost of Ownership (TCO).

Applications driven by #ficiency andTCQ such as hypeiscale data centers and telecorhase stations benefit
from the switching loss reduction offered by CoolMOS Efficiency gains of 0.3% to 0.7% in PFC and 0.1% in
LLC topologies can be achieved, leading to significart€Obenefits. In the case of a 2.KW server PSU, for
example, using00 MC7 MOSFETSs can result in energy cost reductions of ~10% for PSU energy loss.

In BOMand costdriven designs such as enterprise servers, 60 CoolMO$ C7devices offer a cost
reduction in magnetics. Due to the significantly lower gate charge andput capacitance, the C7 can be
operated atdouble the normalswitching frequencies with only a marginabssin efficiency. This allows the size
of magnetic components to be minimized, lowering the over&DMcost. For example, doubling the switching
frequency from 65%Hz to 13(kkHz may reducehe magnetic component cost by as much 8§%.

2.2.2 #1 BB#8B B|I NICES ? %

Selection of the boost diode is a major design decisionalCCM boost convertetbecausethe diode is hard
commutated at a high currentand the reverse recovery can cause significant power |lasswell asnoise and
current spikes. Reverse recovery can be a bottleneck for high switching frequency and high power density
power supplies. Additionally, atlow-line, the available diode conductin duty cycle is quite low, and the
forward current quite high in proportion to the average current. For that reason, the first criteria for selecting a
diode in a CCM boostircuit are fast recovery with low reverse recovery charge, followed bypérating
capability at high forwardcurrent.

SinceCoolSiG schottky diodes havea capacitive chargeQ., rather thana reverse recovery charge:, their
switching loss and recovery tineare much lowerthan a glicon ultra-fast diode leading to enhanced
performance. Moreover, SiC diodes allow higher switching frequency desidfece, higher power density
convertersare achieved.The capacitive charge for SiC diodésnot only low, but also independent bdi/dt,
current level andtemperature, which is diffeent from silicon diodes that have strong dependency on these
conditions.

The recommended diode for CCM boost applications is the ¥%01 | F 3clofttky diode Gen5 which includes
) H @C H.&adlirtd Edtye (LE)technologies, such aa diffusion soldering pre@ess and wafethinning

Application Note 8 Revision 1.0
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technology. The result is a new family of produdtsat showimproved efficiency over all load conditions,
resulting from the improved thermal characteristics

The proper current rating of the PFC diode must be calculated by coesity 13 to 15 times the RMS current
of the diode, which is expressed as:

f _ POUT_MAX v 8.‘/§'VIN_RM5: 800 % 8'\/5'90:4‘1‘4
DRMS =y, rms * 1 3:mVoyr 90 -0,885" 3-m-405

In this demo board, a & IDHI6G65C5 diodés used

2.2.3 %C=2?3$ENEMBAI -BMI?F>; M; N? >LCP?L @ L -/

2231 ) HNLI >0O=NCI H

The 2EDNx24 is a nornverting fast duatchannel driver ér low-side switches. Two true ratio-rail output
stages with very low output impedance and high current capability are chosen to ensheehighest flexibility
and cover awide variety of applications.

All inputs are compatible with L\MTL signal levelsThe threshold voltagegwith a typical hysteresis of V) are
kept constant over the supply voltage range.

Since the 2EDNK24 is particularly aimed at fastswitching applications, signal delays and rise/fall times have
been minimized. Special effort hasden made tominimize delay differences between théwo channels to very
low values(typically 1ns).

The 2EDN#24 driver used in this demo board comes in a standardBP&08 package.

2.2.3.2 $LCP?L | ONJONM

The two raitto-rail output stages realized with complemeary MOS transistors are able to provide a typicahb

of sourcing and sinking current. The emsistance is very low with a typical value below @ 7or the sourcing
p-MOS and 0.5 for the sinking "AMOS transistor. The use of Rchannel sourcing transistor is crucial for
achieving real ra#to-rail behavior and not suffering fronthe Ml OL=? @I FFI Q?L¢M PI FN; A?

Gatedrive outputs are held lowfor floating inputs (ENXx, InXor duringstart-up or power-down, once Under
Voltage Lockout yVLQthresholdis not exceeded.

2.2.3.3 S5H>@ILFN;IA?IGN , / &

The UVLCOfunction ensures that the output can bevdtched to its high level onlyf the supply voltageexceeds
the UVLO threshold voltage. Therefore it can be guarantehdt the switch transistor is not operated if the
driving voltage is too low to completely switch it otlhereby avoiding excessive power dissipation.

The default UVLO level is set to iyal value of &2 Vor 8V (with some hysteresis). For higher les,educh as
HV SMOSFES, aminimum active voltageof 8V is used2EDN@24), while the 42 Vis used for the logic level
driven LV MOSFET2HEDNB24).

2.2.4 %C=2?%$E)UBBYFRA; HC=;?PF SVEBAHFFE N>L CP? L
ThelEDE>LCP?L @; GCFS CM <; M?> |téthnpldgy@ehbbling & genthnwalnnithn? MM |
setting Common Mode TransientiImmunity (CMTI) of 100 kug.

Application Note 9 Revision 1.0
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The 1EDI20N12AF driverovides output currents of up to2 A on separate output pins for applicationgp to
1200 V. They are ideal for the use in charge stations for elee#iiiclesas well agpower supplies for servers
and industrial and telecommunications systems.

Due to lower inductive losses, these drivers enable an additional gain in efficiency &b @i#h the latest
A?H?L; NCIH I @ #I 1 F-/3t #TC

2.2.5 /] INC* 530 6

/' IJNC- /B PH@CH?1 HEM F; N? MN Asoptithized lrSRINEBMPS8ucl ds asé - / 3
found in servers and desktopghe/ J N C- / BMprodfct familynot onlyfeaturesNB? CH> OMNL S¢ M
Rosonput also a perfect switching behavior for fastvitching applications. 15% loweRsson@and 31% lover

Figure of MerifFOM)Rosonx Qg) compared to alternative devices has been realized by advanced thin wafer
technology.

2.2.6 8-#@ L >CACN; F =1 HNLI F

AN

2.2.6.1 8-®waf@ L 0&# =1 HNLIF CGJF?G?HN,; NCI H

The XMC1400 is part of the XMGnicrocontroller family from Infireon Technologies. This family of
microcontrollers, based on ARM CorteXMO coresis designed for timecritical applications. The control of
power supplies is a strong focus for XMGnicrocontrollers, where users can benefit from features such as
analog comparators, PWM timers, garocessors or higkprecision analogto-digital converters.

Some ofthe XMC1400 features are listed here:

1 12-bit ADC, 1 MSample/dexible sequencing of conversions including synchronization

71 Clock frequency is 48 MiHzevertheless, key peripherals can run at double the CPU frequency, like PWM
timers or MATHoO-processors, to accelerate calculations or improve PWM resolution

1 Fast analog comparators for protections such @&CP

f Coprocessor that can run in parallel to the main o® (Cortex*-MO0} in this particular caset will help
execut faster divisions (17 clock cycles)

1 Flexible timing scheme due to CCU timethese timers allow synchronization of PWM patterns and
accurate generation of ADC triggers

1 Interconnection matrix toroute different internal signals from one peripheral to anothess an example, the
timers can connect to an ADC to signify the exact point in time when a signal must be sampled, or a
comparator output can be connected to a PWM timéiis can be used toake sure that whenever the
comparator trips, the PWM stops

Serial communication protocols are supportedncluding UART .Cand SPI. Thesean beused for GUI or

possible communication with the secondary stage of a full power supply.

2.2.6.2 8-#00f 7 @ILUF ,GBGGI=A?HAN? HN; NCI H

All XMC4000 devices are powered by ARM® Cevtéxith a builtin DSP instruction set. Theingle precision
floating point unit, Direct Memory Access (DMA) feature and Memory Protection Unit (MPU) areo$ttite-art
for all devicesn even the smallest XMC4000 runs with up toN8BIz in core and peripherals. It comes wih
comprehensive set of common, fast and precise analog/mixgdnal,timer/PWM and communication
peripherals.

Some of the XMC4200 features are listed here:

1 Up to256 kBembedded Flash with 2Bs access time and error correction unit

Application Note 10 Revision 1.0
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Up to40 kBembedded RAM
8-channel DMA
4-channel highresolution PWM (15@s)

Two ADCwwith up to 8channels eacheach channel had 2-bit resolution, selectable reference antbtal
converspn time of less thanb00ns

Two DACDf 12-bit resolution

Fourmulti-functional serial interfacechannelsconfigurable to SPI.C, $Sor UART
Two CANnodes and USR.0module

Extended temperature range up to 125°C ambient temperature

= =4 —a -

= =4 —a -4

2.2.7 12 | HNLI FF %H#aa#1 | F3

Integrated power management ICwith 8V, P; F; H=B? L O Astar?-up cell and@Reufréht nibde

flypack PWM controller in DSQ@6/12 packageSuitablefor25.57 3- 03 >? MCAHZC 4B? 12 #I
continues to deliver design agility and miniatization. This new series offethe possibility of higher efficiency

and better EMI performance. The digital frequency reduction feateresuresa very stable operation with

decreasing load change, and the fololack correction keegthe maximum power limis within the tolerance

desired by SMPS designers. TAgtive Burst Mode (ABM)operation during low powerconsumption provides
best-in-class power consumption during standby.

2.3 "1, L> >?M=LCJNCI H

Figure 3showsa top view of theBOO Wserver power supply The distribution on the PCB of the different stages
that comprisethe PSU is highijhted: AC input and EMI filter, PFC stage, LLCDOE stage and DC output, bias
(auxiliary) power supply and control board.

Input
EMI -Filter LLC-DC/DC

Bias

Figure 3 Distribution : top view of the different stages of the 800 Wserver power supply

A bottom view of the same PCB is showrFigure 4 which shows the distribution of the drivers for bothe AG
DC and D@DC stags, as well as the SyncRec andRi@g switches.

Application Note 11 Revision 1.0
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LLC HB Driver
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ICE2QR2280G
Flyback -QR

Figure 4

Bottom view of the 800 W server power supply main board

A view ofthe control card present on the side die PSUs shown inFigure Swherethe XMEC GC=L 1 =1 HNL
selected for primary and secondaryside corirol are shown, together with the digital isolator. The control card

is designed to support PFC mdaoring and PMBus communication. dWever, these functionalities have not

been implemented in thdfinal current power supply.

PFC Controller

XMC1402 -Q040X0128AA

ARM® Cortex® -MO0, 48MHz , Math coprocessor
CPU Frequency : 48MHz (96MHz PWM)

eFlash: 128kB including hardware ECC

16kB SRAM

Package: PG-VQFN-40

cooc oo

LLC Controller

XMC4200 - Q48K256 AB

ARM® Cortex® -M4, 80MHz, incl.
and floating point unit (FPU)
8-channel DMA + dedicated DMA for USB
USB 2.0 full -speed device

CPU Frequency : 80MHz

o

single cycle DSP MAC

eFlash: 256kB including hardware ECC
40kB SRAM
Package: PG -LQFP-48

coococo o

e e B0OW PSU 34 Control Board

c11 g
<ol

Control board of the 800 W srver PSU with the XME& microcontrollers and their main
characteristics

Figure 5
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H

In order to demonstrate the higkefficiency performance and good regulation control under dynamic
conditions (loadjumps) of the boardas in a real applicationan external connectoPCBhas been included
Thisgivesaccesgo the power connections and differenexternal signalsas well ascontaininga 2200 uF
capacitor, which simulatesthe load behaviorof the differentPoL voltage regulators in a server mother board
Figure 6shows the mentioned connector PCB with the main connections:

71 12 Vand GND are the connections of the ¥YDC output

71 12 Vsense and GND sense can be used for output sensing in external equip@edthis is the voltage used
for 12 VDCregulation

1 The included switch allows turning on and offf the PSU

!m”"'

Fan 12V f (et
Fan GND ' | 22y
OFF ¥
ON Z '
12v GND GND 12V
Sense Sense
Figure 6 Output connector PCB with the main available connections

The fan included in the 8D Wserver PSU is supplied from th ¥DC output of the power supply. The external
connector PCB eables the connection of the output voltage terminals to the fan supply. However, external fan
supply is possible by directly accessing the connector pin. In that case, the second pin of the signal connector
(fan 12 Vin Figure J must be lifedto provide the proper fan supply voltage.

l ‘k; ‘\‘\ ’

P
A2 AR RAAAN
Figure 7 Fan supply connectionsin the output connector board
Application Note 13 Revision 1.0
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3 Ol Q@WL=NA L L ?MN,CAH

The AGDC stage of the 8DWserver power supply is a classRi-Choost converter.Figure 8showsthe
implemented topology, which uses single600 V# | | F - C7BI®SFETa 650 VCoolS# tschottky diode Gen5
andaU%$) %C=?2%$2)6%2+¢Z 4B? )H@CH?I H GC=LI =1 HNLI FF?L 8

The boost converter igperated at &@ kHz and providesfrom universal AC input voltagenge, a regulated
bulk voltageto the DCDCconverterstageof around39n405 V. Theactive PFC functionality is implemented in
this AGDC stage in order to demand agh-quality currentwaveform from the grd, according to the input
requirements specified in the previous section.

Thissectiondescribesthe main design parameters of the implemented PFC as well as the digital contsed
for suchfunctionality, with special focuson the influence of the power stage design in the control loop design
and realization.

IDHDEGES

L we (D

EMI
AC NTC/Relay
Lol I_in sense ‘ PWM
VAT XMC1402 Digtal \
h UART (Vbulk / Temp / lout) >
Figure 8 800 WPSU PFC topologywith sensing and Infineon devices
3.1 %- @FNAHME =NG@C2A?

The EMI filter is implemented as a twaiage filter, as shown irFigure 9 which provides sufficient attenuation
for both Differential Mode (DM) andCommon Mode (CM) noise.

The two highcurrent CMchokes L_cm are based on high permeability toroid ferrite corBsth CMchokes
implement two windings with 29 turns ach, thus leading to a minimum inductance ofrdH at each sideThe
relatively high number of turnstogether with the winding strategycauses a consideble amount of stray
inductance. This stray inductancensures sufficienDMattenuation.

According tothe average and RMS currents through the rectifier briddé the rectifier LVB2560 with very low
forward voltage drop was selected. This @80/devicealso hassufficient voltage reservewith Vi, = 26

Application Note 14 Revision 1.0
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AC Cx Cx cx PFC
Line B T

I
I
a
3
Il

e Y Y Y YL

Figure 9 Two-stage filter structure

3.2 0&# =BHEBE? <OFE =;J; =CNI L

The PFC choke design is based on a toroidal higinfformance powder core. Toroidal chokes have a large
surface area and allow a good balance, minimizing core and winding losses, and achieving a homogeneous
heat distribution without hot spots hence they are suitable for systentkat are targeting the highest power
density with forced aircooling.

4B? =1L? G; N?2LC; F =Bl M? HHSQuhith ha#s Bgpod thadeofDbietveeOClbidscdre; N C | |
losses and temperature stabity, while its cost is lower than for HighFluXhe part number i$1270060 with
an outer diameter of 27mm and 60u permeability.

The built inductor has 90 turns with a small signal bias inductance of A7 The effective inductancavith
respect tothe current bias is determined by thpermeability variation of the core with the DC magnetizing
force (H) asillustrated in Figure 10

700

600 \\

\ ——Lpfc(uH)
1300 \
200 \
100

0 T T T 1

(uH)
5 3
o o

L_PFC

0 10 20 30 40
liL_AVG (A)
Figure 10 Inductance variation with the inductor current, linear approximation

The bulk capacitor(C_bulk inFigure § istypically desigred according to the minimumallowable bulk voltage
for a given holdup time, i.e. the time for whichthe power supply must provide stable output voltage while the
grid voltage is zergl]. A 47QuF 4% Velectrolityc capacitoris mounted in the 8@ Wserver power supplywhich
provides a minimum voltage of 3BVfor a holdup time of 10ms atfull-load.

3.3 &OH=NCI H; F; H2M=LEBNNCIFHCGJF?G?HN,; NCI

The AGDC stage of this 8DWpower supply performs PFCby a digital implemention of an average current
control, in a classidContinuous Conduction Mode (CCNboost converter.Figure 11shows the control bock
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diagram, which correspondsto a typical twoloop approach, with line feedforwardused in average current
control [2]. The blocksshownare implementedwithin software (SW)

RMS filter
* Low-pass fiter
* Two section quadrant IR

DIV
oclu o

Bulk voltage reference
= Soft-start voltage ramp

* Steady-state modulation based
on LLC output current

Current compensator
Q

s * PI controller (2P22) T
* Variable coefficients
based on current level

Voltage compensator Ve aut X

* FI controller + 1pole
* 28Hz bandwidth

Reference generation
and voltage feedforward

Notch filter Vo

* Cascaded order two IR ¥
* Remove AC (2*F_grid)

Figure 11 800 WPSU PFC control scheme

TheseSW blocks arshownin blue inFigure 12 together with the requiredHWperipherals (red)for proper
operation of the PFC stag@he peripheralsusedcan be summarized afollows:

1 Three CCUS slices: two slicesnfiguredin compare modeto generate thePWM for the PFGvitch and ADC
trigger; onesliceusedin capture modefor conduction time aquisition in DiscontinuousConduction Mode
(DCM)

1 Three CCU4 units used &xed Frequency(FF)interrupt triggers and reference generation for the analog
comparators

1 Two analog comparators: one fdPeak Qurrent Limitation (PCL)usingthe CCUS8 trap functionalityand one
for Zero Qurrent Detection (ZCD)Xuring DCM operation

1 Division unit of themath coprocessor: the use of this peripheral allows a reductiorthe division
computation up tofour times in respect to the standar&Wimplementation

1 FourADCchannels with two different triggers for synchronized voltages a@drrent Sensing(CS)
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CCuUB0.CC80 9 ACMP1 CCu40.CCa2 CCu40 CC4d Legend

PFC_PWM IL_peak Ipk Ref IDCM Ref

' ‘ . PR
CCuso.CcC82 )
k_DCM / caplure
Renit SW block
ccuso.ccs e mgges
"

CCU40.CC41
V_loop

UART 7 | Isclator |
XMC42 interface

-

Figure 12 Peripherals and SW blocks used in the PFC tfie 800 W server power supply

XMC1402

The CCUB8 unit available in the XMC1402 microcontroller is adiamnel capture-compare unit. The possibility
of usingthese two channels independentlytogether with theversatilty of the ADGnd the programmable
signal conditioning between the timer and ADC moduleslows a synchronize@nd noisefree sensing of the
necessary voltages and currents for PFC operation.

Figure 13hows the time diagram of the ADC sensing dntérrupt ServiceRoutine (ISR) trigger of the
implemented current loop, which is executed every switching cyclg € & kHz). Compare channel 1 (CR1) of

the main timer (PFC PWM) carries the duty cycle information. However, compare channel 2 (CR2) is set to half
of the CR1 value to trigger the ADC quel@d Therefore, the inductor current is sensed half of the ontime,

which corresponds to the inductor current average valie CCM operationThe result event of the ADC is used

to trigger the current control ISR, which ensures using the lasjaired current value.

At the same time, a second timetiiher replica) is synchronized with the main tiner. The use of the replica
allows synchronization as well the bulk voltage measurement. In this casesecond ADC group, ethe scan
AD(3], is triggered in the middle of the offime, thus reducing the sensing noise.
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ADC concept (current control trigger)
Inductor
current
PWM |

CCUS80.CC80 CR2 @ 1/2:CR1 CR2 @ 1/2 CR1

PFC PWM X

@ 65kHz | \Em | \SRl

CCU80.SR2
-> Queue ADC trigger:
iL (CH6) / Vac(CHS)
Clear Clear

CCUSO.CC81 CR1:rep @ (PR+CR1)/2 Satndt CRE-rep @ (PR+CR1)/2T _ |
Timer replica ar start

@ 65kHz

i 4
CCUB0.SR3 CCU80.SR3
-> Scan ADC trigger: -> Scan ADC trigger:
DC (CH7) / T (CH4) DC (CH7) / T (CH4)
""””””1Result ISR (current control loop)
Kpem/I Loop/Iref/a,
Figure 13 Timers and ADC synchronization in the implemented PFC control scheme

The voltageloop, PFCstate machine Low PassFilter (LPF)of the input voltage andbulk voltagenotch filter are
implemented in a second ISR triggered an FFof 65 kHz using a CCU4 slicBhe scheduling of these
functionalities is shown irFigure 14

Both the AC filter (LPF of the AC voltage) and the notithrfiof the bulk voltage aréwo cascaded sections of
secondorder IR filters

| 1/6.5kHz |
| |
Period Match ISR => 0 Period Match ISR => 1 Period Match ISR => 2 Period Match ISR => 3 Period Match ISR =>4 Period Match ISR => 5  Period Match ISR => 6 Period Match ISR => 7

l l l

AC filter (RMS) DC filter(Notch) AC filter (RMS) DC filter (Notch) AC filter (RMS) DC filter(Notch) AC filter (RMS) DC filter (Notch)
Vloop Vloop 1/RMS2 (DIV) Vloop Vloop
State machine Vout monitoring Vout monitoring

State machine, voltage loop and digital filters schedule
Figure 14 Time schedule of the vdtage loop interrupt at 6.5 kHz

The state machineKigure 15 ensures the correct behavior of the PFC systems by controlling the start

phase and monitoring the output and input voltage during operatioBuringstart-up the relay is closed before
the boost converter starts switching, in order to bypass the NTC resistance whichditmé inrush current.The
relay is then open only in case the bulk voltage goes under a defined level, under which the PFC is restarted.
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Figure 15 PFC sate machine

3.3.1 #OLL?HN =1 HNLI FF?L

The design of the current controller in a PFC boost converter in CCM operation is well known for both analog
and digital implementation, using PI1 oPID controllers andvith or without duty cycle feedforward1, 2].
Neverthdess, different issues such as inductance vardatiof the saturable inductorDCM operatiorand filter
interactions arise during the PFC operation.

1 Saturable core inductance variation in the PFC current loop

According to the referencegiven, the gain othe control to inductor current transfer function (9 is inversely
proportional to the inductance value. In the PFC choke desgirown, a saturable core is useahd sothe
inductance changes ashownin Figure 10 This inductnce variation implies a gain change according to the
average current, i.e. a change iny@uring the AC haltycle. Therefore, if a single contrelt is used for all the
operating conditions, BWvariations will occur with the risk of instability as show in Figure 16

Figure 16 Control to inductor current transfer function gain variation with the inductor average
current (left) and instability caused by inductance change with a single controller
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