CCM PFC, DCM PFC and
ultrafast recovery diodes

NXP Power Factor Correction (PFC) and ultrafast recovery diodes improve efficiency in Switched-

Mode Power Supply (SMPS) applications by delivering the best Vg and t,, trade-off to power

dissipation, along with very soft recovery performance.

Active PFC is an electronic system that
controls the amount of power drawn by a
load in order to obtain a power factor as
close as possible to unity. In most
applications, the active PFC controls the
input current of the load so that the
current waveform is proportional to the
mains voltage waveform.

Active PFC is related to the reduction of
the harmonic content, and/or the
aligning of the phase angle of incoming
current. PFC is required to reduce
disturbance on the AC distribution net
and maximize the real power drawn by
the power supply from the AC line.

Key features
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PFC diode

MM e DN

Competitive and customer oriented

product portfolio:

- Roadmap shows a continuous
process of development

- Customer-driven innovation and
customized products

- Best trade-off on VE to t,, for power
diodes achieving highest power
efficiency under working mode

Superb application know-how and

instant technical support:

- Focus on specific application
knowledge

- Labs with complete testing
capabilities, strategically located
close to customers in Europe and
China
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Experienced development team with
expertise in device physics
Well-controlled manufacturing and
robust supply chain

Key benefits
» Fully compliant with regional

regulations imposing restrictions on

power factor and Total Harmonic

Distortion (THD) in high-power

applications (> 75 W), including:

- CCC (or '3'C) in China

- IEC1000-3-2/EN61000-3-2 in
Europe

- 80 PLUS in America

- JICC61000-3-2 in Japan

Meets energy saving and 'green

energy' trends to minimize power

costs

Optimizes and improves circuit

performance:

- Reduces mains harmonic content

- Decreases peak current at mains
frequency

- Minimizes the electrolytic bulk
capacitor used at PFC stage output

- Reduces transformer size and weight

- Improves output regulation of
downstream DC-to-DC converters
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Dissipation in the boost converter PFC circuit
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Fig 1. Elementary boost converter PFC circuit

Figure 1 represents a simplified structure of the primary stage
of an AC-to-DC boost converter PFC circuit of an SMPS
application. Power dissipation is the most important criterion
for circuit design. In the boost converter, power dissipation is
composed of:

1. On-state losses at the PFC diode

2. Switch-off losses at the PFC diode

3. On-state losses at the MOSFET

4. Switch-on losses at the PFC diode

5. Switching (gate-charge) losses of the MOSFET
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Fig 2. Time-voltage diagram of node A (V,)
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Table 1. Energy loss in distinct time periods

Better key characteristics at higher temperatures
Enables the use of:

- Smaller heat sink to reduce cost and space

- Low-rated MOSFET to reduce costs.

Forward voltage as a function of temperature
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Fig 3. The Vg of NXP PFC diodes tends to drop faster as

temperature rises

As the temperature rises, the Vi of NXP PFC diodes tends to
drop faster than that of any other competitiors. Figure 3 shows
BYC8X-600 has the lowest Vg above 84 °C. In the application
circuit, lower Vg will lead to a lower body temperature, thus
improving the efficiency of the system

Reverse recovery time as a function of temperature
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Fig 4. The t,, of NXP PFC diodes tends to increase at a slower rate

as temperature rises

The t,, of NXP PFC diodes tends to increase more slowly as the
temperature rises. Figure 4 shows BYC8X-600 has the shortest
t,r above 104 °C. In the application circuit, shorter t,, will lead to
lower temperature of the MOSFET, thus improving the
efficiency of the system.
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Best t,, to Vi trade-off benefits

We already know that Vg and t,, vary with temperature changes
(see Figure 3 and 4) and conversely the temperature is
influenced by the Vg and t,, due to the energy loss (see Table
1). There is an equilibrium operating temperature at which
point the Vg and t,, are stable. Although NXP PFC diodes do
not have the lowest Vg and shortest t,, at normal ambient
temperature (25 °C), they will reach the lowest equilibrium
temperature because of the best V to t,, trade-off (see

Figure 5).

Temperature rise of diodes per part number
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Fig 5. Example of the advantages of low Vg and Vg
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The energy loss equations (see Table 1) explain how BYC8X-
600 has the lowest temperature rise. Energy loss in three
periods contributes to the temperture rise of the diode.

VE plays a key role in the diode conducting period (tg to tq), t,,
plays a key role in the diode switch-off period (t; to t,) and Vgg
plays a key role in the diode switch-on period (t3 to t,). Since
Vg is more related to the design of the application circuit, it will
not be discussed further here. The common P-N theory tells us
the lower the VE, the longer the t,, and vice versa. There must
be a trade-off point where Vi and t,, benefit the system
efficiency the most. Figure 6 shows NXP PFC diodes stand at
that very point.

Temperature rise of MOSFET per part number
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Fig 6. Temperature rise of MOSFET per part number

According to previous knowledge, it is very natural to see the
results in Figure 6. The best trade-off of V to t,, leads to the
lowest operating temperature of the diode, conversely the
lowest temperature of the diode results in the shortest t,,.. The
shortest t,, means the least energy dissipation through the
MOSFET.

Selection for PFC diodes

There are two basic PFC operating modes: Discontinuous
Conduction Mode (DCM) and Continuous Conduction Mode
(CCM).

In DCM PFC diodes, focus must be on low V.
In CCM PFC diodes, focus must be on low Q (t,,).

Application and design tips

The stored charge in the PFC diode that must be extracted
during the reverse recovery phase (Q,) causes dissipation in the
MOSFET, especially in Continuous Conduction Mode. If the
MOSFET runs too hot, it could mistakenly be replaced with a
higher current type when in many circumstances it would be
better to replace the PFC diode with a lower stored charge

type.

The stored charge in a PFC diode approximately doubles with
every 75 °C of temperature rise and this doubled charge will
subsequently double the amount of related power loss in the
MOSFET. Consequently, it is a good idea to keep the
temperature of the PFC diode as low as possible e.g. by
preventing a thermal path from the MOSFET (which may run
hot) to the PFC diode.
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Recommended products for SMPS applications

Application CCM PFC diode DCM PFC diode ultrafast recovery diode

BYV25/BYV29/BYT79 series BYQ28E-200, BYQ30E-200
(TO-220F, D2PAK) (TO-220AB)

BYV25/BYV29/BYV34 series
(TO-220AC, TO-220F, TO-220AB, 12PAK)

BYC8/BYC10/BYC15/BYC20 series BYV29/BYT79/BYV410 series BYV32EB-200
(TO-220AC, TO-220F) (TO-220AC, TO-220F, TO-220AB) (D2PAK)

Typical PFC power diode parameters

SOD59 SOD113 SOT78 SOT186A SOT226 SOT428
(TO-220AC) (isolated 2-pin (TO-220AB) (isolated TO-220F) (I2PAK) (DPAK)
TO-220F)

For ¥ r K &b

15.5x10.0x4.3 | 155x10.0x4.3 | 15.6x10.0x4.4 | 15.5x10.0x4.3 | 11.0x10.0x 4.3 6.0x6.6x23

BYV25X-600 BYV25G-600 BYV25D-600

Ultrafast diodes for DCM

BYT79-600 BYT79X-600

Enhanced ultrafast diodes for interleaved PFC and dual-mode DCM/CCM

BYV410-600 BYV410X-600

Hyperfast diodes for CCM

BYC5X-600

5w s mowe  woes

BYC10-600 BYC10X-600

BYC20-600 BYC20X-600

SOD59 SOD113 SOT78 SOT186A SOT223 SOT404 SOT429
(TO-220AC) (isolated 2-pin (TO-220AB) (isolated (SC-73) (D2PAK) (TO-247)

TO-220F) TO-220F)
Lk
/i

15.5x10.0x4.3|15.5x10.0 x 4.3({15.6 x 10.0 x 4.4/15.5x 10.0 x 4.3({ 6.5 x 3.5 x 1.65 |11.0 x 10.0 x 4.3|21.4 x 16.2 x 25.9

BYV32E-100

BYW29E-150

BYQ28E-200 BYQ28X-200

BYQ30E-200

BYV72EW-200

BYV74W-400

BYR29-800  BYR29X-800

www.nxp.com
© 2009 NXP B.V.

founded by All rights reserved. Reproduction in whole or in part is prohibited without prior consent of the copyright owner. The information Date of release: May 2009
presented in this document does not form part of any quotation or contract, is believed to be accurate and reliable and may be changed Document order number: 9397 750 16287
PHILI ps without notice. No liability will be accepted by the publisher for any consequence of it's use. Publication thereof does not convey or Printed in the Netherlands
imply any license under patent- or other industrial or intellectual property rights.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


