New Times are Coming —
Digitally Operated Primary Control Technology for AC/DC SMPS

Abstract
This paper describes a whole new control technique and had been successfully being
employed in off-line type adapter/charger applications, which results in significant reduction
to external components and various performance improvements.

Introduction

A new digital control methodology has resulted in greater simplicity and design flexibility in
low power SMPS topologies which conventional analog methods would find difficult if not
impossible to achieve. By combining this new control scheme into an off-line type of
adapter or charger application, it could greatly reduce the number of external components
as well as enhance supply performance in many respects.

The controller has built-in digital control algorithms to quickly and smoothly transition
between different operating modes for reduced switching losses during no-load operation.
The full-load efficiency is enhanced by the use of so-called “emulated primary current mode
control” to eliminate the need for a primary sensing resistor. The full-load efficiency is also
enhanced in cellular charger applications by the elimination of secondary-side constant
current sense circuitry. Its unique digital control algorithm allows fast pulse-by-pulse
analysis of the switching waveform and provides accurate voltage & constant-current
regulation from the primary-side without the need for an opto-coupler, secondary feedback
and reference circuits required by traditional analog solutions.

This innovative technology is ideal for balancing new regulatory requirements for

green-mode operation with more practical design considerations such as lowest possible
cost, smallest size and highest efficiency.

Advantages of Digital PWM Control

Best Solution for Lowest Cost, Highest Efficiency and Small Size

Allows cycle by cycle signal analysis and processing

Enables best in class primary feedback regulation

Adapts in real time
Automatically increases controller gain when transient detected
Automatically decreases controller gain at light load

Identifies faults and reacts appropriately

Enables low cost solutions
Reduces BOM by eliminating secondary feedback components



Digital PWM Operation

Three modes of operation are used to generate the CV/CC curve as shown in Figure 1.
The digital control algorithm was optimized to provide all of the required operating modes
with stable transitions between modes. The controller operates in PWM mode during
higher output power levels and switches to PFM mode at light load to minimize power
dissipation. The details of the method of operation of each of the modes are given below.
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Figure-1, Modes of Operation
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Figure-2, Digital PWM Controller Functional Block Diagram



1. Constant Voltage Operation

Output voltage regulation is accomplished by a primary-side control technique and
eliminates the need for the Opto-coupler feedback and secondary voltage reference
found in traditional designs. The state of the output is derived by the digital algorithm’s
analysis of each and every primary auxiliary winding waveform in “real-time” and is then
fed into the Digital Error Amplifier (DEA) to generate a PWM output for switching. This
technique yields accurate voltage regulation of better than £1.5% under all possible line
and load conditions. The superiority of the performance as compared to traditional
primary feedback solutions is further detailed in Figure 3.
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Figure 9.3.2 Auxiliary Voltage Waveforms
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Figure-3, Primary-Side Regulation



2. Constant Current Operation:
The constant current (CC) feature uses the same feedback technique as in
constant-voltage mode, but monitors both the line voltage and the output voltage
feedback signal. These signals are processed and passed on to the DEA and ton/torr
calculator blocks. The accuracy of this control technique yields superior CC tolerance
(typically £2%) excluding the tolerance of the transformer’s primary inductance.

This combination of control techniques allows the designer to eliminate all secondary
current and voltage sensing circuitry, resulting in a simple, low cost solution with
improved efficiency.
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Figure-4, Constant Current Operation
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Protection Features (Primary UV, OV, Secondary OVP, OCP & SSP):

a. Primary Overvoltage & Undervoltage Protection is provided by monitoring the Vy
voltage (also the bulk-cap voltage) to shut down the switching operation when the
threshold is exceeded for more than a specified number of cycles.

b. Secondary Overvoltage Protection is accomplished by monitoring the Vsense pin
threshold. The IC will shut down after a specified number of consecutive fault
condition switching pulses. The IC will then attempt to restart.
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Figure-5, Overvoltage Shutdown Waveforms & Decision Tree



c. Secondary Over Current Protection (applied to adapter with single output design)
limits the output current to within a small range independent of AC input line voltage
variations.
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Figure-6, Secondary Over-Current Protection



d. Secondary Output Short-circuit Protection is provided through analysis of the
primary Vsense waveform obtained from the bias winding and is based on a
scheme to avoid core saturation.

1. Ensures each cycle is fully reset before next on pulses is applied.
2. Limits operating V-s (1050V-ps) to guarantee Vyax will not be exceeded in a
given switching cycle.

This technique ensures that no buildup of flux energy in the core can occur from cycle
to cycle. To avoid operation in continuous conduction (CCM) mode, the controller
checks for the falling edge of the Vsense input on every cycle. If a falling edge of
Vsense is not detected during the normal 25 ps period, the switching period will be
extended until the falling edge Vsense does occur.  If the switching period reaches 75
us without Vsense being detected, the controller will immediately shut off.
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Figure-7, Output Short Circuit Protection

Other Features :

1. Dynamic Response is improved by adjusting to the control loop gains based on the
amount of deviation from a reference. The loop gain is increased by four times when
the IC sees a significant load change and reduces the gain back when load
conditions stabilize.
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2. Soft-Start

The device incorporates an internal soft-start function with no external components.
The soft-start time is set at 3.5 ms. Once the V|y pin voltage has reached its
turn-on threshold, the controller starts switching, but limits the ON-time to a
percentage of the maximum ON-time as shown in Figure 9. If the output voltage
rises above the minimum threshold before soft-start is completed, the device
assumes that the output load is very light and immediately changes to PFM
operation.
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Figure-8, Soft Start

Conclusion :

iWatt's digital control scheme is specifically designed to address the challenges and
trade-offs of low power adapters and chargers. This innovative technology is ideal for
balancing new regulatory requirements for green mode operation with more practical
design considerations such as lowest possible cost, smallest size and high performance
output control. It is unique compared to traditional analog controllers in that it can provide
secondary-side performance while utilizing the more cost-effective primary-side control
techniques.

*




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


