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Scope and purpose

This documentdescribesthe design and operation ah complete Infineon Technologies AG system solution for
active line rectificationbased ona 600 \CoolMOS3"S7, aimingto replacethe diode bridge instandard Power
Factor Correction (PFC) converters

Useof the 600 VCooIMOS3"S7 activebridge daughter cardbooststhe PFC efficiencypy more than 1 percent
at low-line levels (15 V ACand up to0.7 percent at high-line (230 V ACwithout any impact on system
design.

The active-bridge daughter car@ areavailable in the following variants:

f KIT_ACT_BRD_60R0228ibunting 22GA # | |HB7 / 3

f KIT_ACT_BRD_60R®Mmounting 40GA # | |HB7 / 3

1 KIT_ACT_BRD_60R@A5mounting 65GA # | IHB57/ 3
The main Infineon components used in thHdT_ACT_BRD_60R0S7aredescribed in the following.
Kit components

1 SynchronousRectifier (SR)controller (IR11688S)

T 600V 1 | F-/ 3 NOSFKT (IPT60RIS7)

9 Fast duaichannel functional isolated gate driver (2EDF7275F)
Kit specifications

1 Input voltage: from 85 to 26% AC

T #1011 F-/ 34;4@mA 2

1 Contrd and driver supply voltage: 2V

Intended audience
Power supply design engineers
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Introduction

1 JHNLGNCI H

In recent years, the trend fdBMPS has been toward increasing bafficiency and power densityith
optimized cost

A variety of efficiency requirements, such as 80 PLUS or EuP, are defined for variousistheRlatinum class
the PSU must have jpeak efficiency above 9gercentat high-line and 92percentat low-line, while for a
Titanium desgnthesevalues increase to 9fercentand 94percent, respectively.In addition, some customers
may define stricter efficiency requigments based on systermperating conditions.

It is obvious that the overall efficiency of the PSU depends on both efficiency levels of the PFC thied>d@2DC
stages.For a fixed efficiency target of the PSU, if we are able to increase PFC performance than we can relax the
requirements of the DEDC converter and vicgersa. Of course, this will impathe overall cost of the system.

The questionfor every PSU manufacturer would beshat is the optimum balance between the two stages?

An easynd effectivavay of improving the RF-efficiency performanaeross thevhole load and voltage range,
without affectingthe desgn, complexityand PFC co$bo muchis tosimplyreplace the classidiode bridge wih
an active bridge made witthe 600 \CodMOS"S7

Figure 1shows a comparison between the actiMaridge daughter card and a standard diode bridge. In terms of
form factor the two solutions are comparable, while the active bridge needs ertra pin connection for the
bias supply. More details about the board will be discussed in the next chapter.

In Figure 2he efficiency benefit of th&KIT_ACT_BRD_@R040S7employed in a standardContinuous
Conduction Mode CCMPFC is presented both &w-line (115 V ACandhigh-line (230 V ALin terms of delta
efficiency comparison with the diode bridge solution. Tileeasurementis done by plugging the 2& A
daughter card ito the Infineon activebridge PFC demboard EVAL 2K4W_ACT_BRD_[RY. The maximum
output power is around 120 Wat low-line and 24® Wat high-line. An efficiency delta improvement df.1
percentand Q5 percentcan be seen abw-line and athigh-line respectivelyunder light-load condition. The
delta efficiency is halved at 50ercentof the output power.

Thed0OGA ; =NCP? <L C>A? dh&e® pbrcentht bGtisIdntlimeRritl Bgh-tine when the
output power is belowl100W, asshownby thelight blue shaded zone oFigure 2
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Figure 1  Active-bridge daughter card (left) compared with a standard diode bridge (right)
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Figure 2  Efficiency improvement in CCM PFC wittKIT_ACT_BRD_60R0S7
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Kit overview

2 +dNP?2LPC?0Q

2.1 (;L>AM=LCINCI H

The activebridge daughter boards shownin Figure 3 The board iS5mm long, with a widthof 6mm and a
height of .5mm, comparable to the size of a ahdard diode bridge rectifier (28hm x 30mm x 46 mm).

The daughter board hadive pins:
1 Line (AC1) andeutral (AC2) alternate inputs
1 Positive (V+) and negative {Mectified outputs
1 Bias supply input ¥J

The bias supply voltage of2lVis provided by the PFC main boaadt by the applicationandthe sameVccis also
used to supply PFC ctrol and diiving stages

The daughter card integrates both power devices and control/driving componetisis enabling a high power
density design. The power devices TiOleadless(TOLL packages are placeal on the bottom side togetherwith
the gate resistorsas shownin Figure 3. On thetop side, the controller (R11688%and the highside MOSFET
driver QEDF7275Fare placed ashown inFigure &. Additional components are: bootstrap &-D networks for
high-side MOSFEriving and smaltsignal transistorin SOF223to extendthe voltage capability of the
controller. In factwithout any extra transistos, theIR11688%Irain voltage sense capability would be limited
to only 2 V. More details abouthe control of theactive bridge arediscussed in the next section.

Highside Sychronous Low side Highside
driver rectifier mosfets mosfets
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Figure 3  Placement of the different components in the active-bridge daughter card with Infineon 600 V
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2.2 '=N€BEZ>A? G?2INBNL>I F

Low Line | Q, Q,
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High Line | Qy Qs Qs Qy Q: Q. Qs Qy

Figure 4  Control concept of the active-bridge line rectification

Control ofan active bridgefor line rectification is intuitive. As shown irFigure 4 during the positivehalf-cycle

of the mains,Q1 and Q4 are supposed to be switched on, while the otherskap off. Instead, during the

negative halfcycleof the ACgrid, Q3 and Q2 are supposed to conduct, while the othersatfe

) NéM CGJI LN; HN MIOSHBESErA &vwagsAdhductingBn;thd so;; FF 2B 3 Lj? PI?LL M3?> GJ | >
Gl >?} ¢ QC NWBrent flowing WoBhRh€ So@rce to the drain. In fact, the active b@diglepose is to take

over the conduction of the diode in order to aghibetter efficiency, sinddCS-ETconduction losses are lower

than those from diodes

There are two possible wgs of controlling the activebridge switches:
1. By measuringthe input voltageV AC
2. Bysensingthe voltage drop across thtMOSFEVbs

In thefirst method the control signal for each MOSFETilod active bridge is obtained by comparing the
instantaneousinput voltage (properly scaled down through a resistive divider) wittfixed reference voltage
threshold. The voltage divider resistance should be higimoughto minimize the quiescent loss, especially at
high-line input. With this method, theon-time of the control signal at each cyclstrongly depends on the input
voltage level. This means thatshorter ontime is obtained at lowline input and vice versa.

L

Vref Vref

Figure5  First control method based on measuring the input voltage
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Figure 6  Secondapproach based onthe SRcontroller

Thesecondapproachexploitsthe information of the current flowing through each lowide MOSETby sensing
the \bsacross theMOSFES, as shown irFigure 6 This methods commonly used in thesecondaryside SR
controllers. Such a solution ialready available in the markednd is widely used in higkefficiency stepdown
DGDC convertersfor exanple for driving the SR of an LU€sonant converter

This second method is the one employed in theoposedactive-bridge dauditer cardby usingInfineon
controller IR116883as shownin Figure 7

The IR11688is a dual smart secondargide controller IC optimized to drive twoshannel power MOSFETSs
configured forSRin resonant converter applicationswith drain voltage sensing capadlity up to 200 V. Smalk
signal transistorsT1 and T2 oFigure 7are added to futher extendthe voltage capability of theontroller,
matching the highline PFC aplication.

Thedrain-to-source voltage of the lowoltage sideMOSFETQ3, Q4bf the active bridgds sensedhroughthe
VD1 and VD2 pinte determine the ®urce-to-drain current andconsequentlyturn on/off each gaterapidly at
the start/endingof eachconduction cycle Thedrain-to-source voltagesre compared to different thresholds
to precisely control the gatesas shown irFigure &.
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Figure 7 Adaptation of IR11688S for active line rectification

221 40HH <F; HECHA NCG?

When the conduction phase of eadrttivefull-bridge MOSFET begins, the active MOSHEETIll off, and
thereforethe current starts to flow through the body diode producing a negativgsVoltage across itasshown

by the ble line of Figure &. The body dioddigh-voltage drop is sufficiat to trigger the turnon threshold V.,
©230mV) If \bsremains below V,,for more than T, (6150ns), the gate of the correspondinactive MOSFET

is driven high, which causegsto reduce rapidly toOz Y . The internal delay timer will beeset f \bsrises
above \,,before Ty, times out. This turn-on blanking timerepresentsthe body diode conduction timeand

helps to avoid misfiring that could be triggered by highequency ringing irDiscontinuous Conduction Mode
(DCM operation. Forfixed-frequency 50/60 Hz PFC applications this means very high duty cycle for the active
bridge, regardless of working at losine or high-line.

2.2.2 - CHCGOMCGH

The voltage drop athe gate turnon is usually accompanied by some amount of ringing, whazuld

potentially trigger the input comparator to tun off the gate drive very quickly. Howevethe Minimum On-Time
(MOT) blanking period prevents thifor fixedfrequency 50/60 Hz PFC applications the MOT is to be set to the
highest possible vale,asthe value of R15 dfigure 71In fact,”Y Y zgzpm CHIi coi

2.2.3 2?2A0F; NCI'H JB; M?

At the end of the MOT, the gate output is no longer driven high and reverts to a high impedance\&tiaga\Vos
is belowthe regulation threshold Vix©-40 mV)a weak pultddown gradually dischargeshe gate voltage held
by the activebridge MOSFET inputapacitance. As the gate voltage drops, the MOSFET channel resistance
increases as it enters the linear region. This causego once again exceedr\kso that weak pulldown will
cease until the conduction current falls to the point whek@sagain drops below V=
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Figure 8  Behavior of IR11688S: a)riput comparator thresholds and b) example of waveforms

This regulating process continues so that the conduction period is extended until the current has fallen to a

very low level. In this wagremature turn-off, which can arise due to parasitic inductances in PCB traces and

the MOSFET package, is prevented. This period of conduction through the SR MOSFET body diodes is thereby
reduced to a minimumimproving overall system efficiency.

224 A0HHO@> L?M?N

At the end of the switching cycle the conduction rectifier current reduces to zero sovlgeoltage will cross the
turn-off threshold Wx: ©-4 mV) When this happens the gate is driven low to switch off the SR MOSFET. Any
residual current willagain start flowing through the body diodecausing a negative step bs When this
occursVbscould potentially trigger turnron once again by crossingrM. To prevent this possibility, turron is
blanked for a time periodps.ank® O pishafter turn-off has occurred. The blanking time is internally set and can
be reset only when pécrosses the positive threshold:©1118V) Reset occurs only whevbsremains higher
than \husfor more than the reset blanking timeg#s© & FnB).I'This protects aginst false triggering due to
ringing after the turnoff phase. Once reset the IR11688 rearmed so that turron may be triggered for the
next conduction cycle.

Reset Wiisand regulationVrprthresholds are refereced toGND(seeFigure 7, and thereforethey cannot be
changed by any circuit modification. On the other hand, tuam V4 and turn-off 4, thresholds are referenced
to \, thusgiving the designer freedom to change them by adapting the resisdorider (named assourcelevel
shifter inFigure 7. In our example we are shifting the;Voltage of around 40 mV. Thisdffset mustbe

adapted depending on theOSFERogon and the application.

The IR11688also has very low quiescent current when the gate drives are not switching to offer minimal
power consumption in standby mod@ess than500pA).
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