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ICEpower500A, 500W General Purpose Amplifier

General Description

The ICEpower500A is a general purpose amplifier solution. By using
patented, state-of-the-art ICEpower® analogue technology, the
ICEpower500A achieves extremely high fidelity in a compact package.

The full audio bandwidth and the ability to operate from a variety of
power sources means the ICEpower500A can be used in:

e Active speakers and subwoofers
e A/V amplifiers/receivers

e  Automotive amplifiers

e Musical instrument amplifiers

e Marine audio products

e Installation audio products

Version 2.1

Figure 1: ICEpower500A
Size: 9 x 9 x 2.7cm

True high-end performance is guaranteed by the patented, proprietary COM modulation and MECC control
techniques and the integrated, turn-key design reduces design-in cost and shortens Time-to-Market for the end

product.

Key Specifications

e 500W @ 0.02% THD+N, 1 kHz, 4Q.
e Peak output current > 45A.

e 117dBA dynamic range.

e THD =0.0009% @ 100mW, 5kHz.
e THD+N < 0.1%, 0.1W - 500W, 4Q.
e Efficiency = 93% @ 300W / 8Q.

e Output impedance < 5mQ @ 1kHz.

e Power Supply Rejection Ratio > 60dB.

e Output DC-offset < 25mV.
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Key Features

e Very rugged design for demanding use

e Soft mute/de-mute

e Stand-by mode for low power consumption
e Under voltage protection

e Monitor output

e Balanced input and output

e Excellent EMI performance

e No heat sink required



ICEpower500A, 500W General Purpose Amplifier Version 2.1

Block Diagram
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Figure 2: ICEpower500A block diagram.

Connection Diagram
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Figure 3: ICEpower500A-IC connections.

The plug interface of the ICEpower500A has two industry standard connectors selected for long-term reliability.
The power Molex Micro-Fit™ connector is used for power input and speaker output. The JST PH-connector is

used for low level power supply, audio input and the control features.
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ICEpower500A, 500W General Purpose Amplifier

Power Connector Specification

Pin Function Description

7,8 | PGND Power GND for the single ended power supply input Vp.
3,4 | Vp Power Supply (single) for the power stage

1,2 | Vo- “Cold”” balanced power output terminals. In phase with Vi -
5,6 | Vo+ “Hot* balanced power output terminals. In phase with Vi+

Table 1: Power Connector Specifications.

Signal Connector Specification

ICEpower* Function Description JST**
Pin numbering Pin numbering
1 Vce Positive power supply input for the signal section. 8
2 Vss Negative power supply input for the signal section. 7
3 AGND Ground terminal for the signal section. 6
4 Monitor Unbalanced attenuated output signal. 5
5 Vi+ Positive input (balanced input buffer). 4
6 Vi- Negative input (balanced input buffer). 3
7 Mute Mute input (Internal pull-up). 2
8 Standby Control pin for standby control. (Internal pull-up). 1

* This pin numbering is used by ICEpower in all ICEpower documentation
**This pin numbering is used by JST- JST is the manufacturer of the PHR-08 connector.

Table 2: Signal Connector Specification.
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ICEpower500A, 500W General Purpose Amplifier

Absolute Maximum Ratings

Absolute maximum ratings indicate limits beyond which damage may occur.

Symbol Parameter Value Unit
Vp Operating power supply level 85 V
Vce Positive analog supply 15 V
Vss Negative analog supply -15 \
Vin Maximum differential input voltage +12 \Y
Tease Maximum case temperature 90 °C
Ta Maximum operating ambient temperature 60 °c
Rih, case-rib Thermal resistance, case — rib 2 K/W
Tzome. Y Maximum duration of 25Vgus output @ 20kHz 30 S

C, Maximum pure capacitive loading 470 nF

Table 3: Absolute Maximum ratings.

Version 2.1

1) The output RC-Zobel network is designed for music loads. Continuous stress at frequencies above 10 kHz may damage the device.

Electrical Specifications
Unless otherwise specified, f=1kHz, Po =1W, T, = 25°C.

Symbol Parameter Conditions Min Typ Max Unit
Vp Power Supply Operation 42 75 80 V
Vce Positive analog supply Operation 10 12 15 V
Vss Negative analog supply Operation -10 -12 -15 V
Po Output power @ 0.1%THD+N W
10Hz < f < 20kHz R.= 4Q. Vp = 75V 500
(AES17 measurement filter) ? R.= 8Q. Vp = 80V 220
THD+N THD+N in 4Q (AES17 f = 1kHz, Po =1W 0.006 0.01 %
measurement filter) ?
THD+N Maximal THD+N in 4Q (AES17 10Hz < f < 20kHz 0.1 0.12 %
measurement filter) ? 100mW < Po < 500W
lvp Quiescent current Vp =75V 20 25 30 mA
v, standb Standby current Vp =75V 1.6 mA
lvee Quiescent current Vce =12V 200 mA
lvee, standby | Standby current Vee = 12V 54 mA
lyss Quiescent current Vss = -12V 25 mA
lvss, standb Standby current Vss = -12V 25 mA
fo Offset switching frequency Idle 420 460 500 kHz
fs Switching frequency range Idle to full scale variation 60 500 kHz
n Power stage Efficiency R.= 8Q, Po = 300W 93 %
PSRR Power Supply Rejection Ratio of Voltage ripple @, f =100 - 120 60 dB
Vp Hz
Vo Output referenced idle noise A-weighted 10Hz < f < 20kHz 65 75 115 uv
Vo piff Differential offset on output Input terminated. +25 mV
terminals
Vorr.cm Common mode offset on output Input terminated. Vp/2 +10% \Y
terminals
Ay Nominal Voltage Gain f=1kHz 26.8 27.1 27.4 dB
f Freguency response 20Hz - 20kHz, All loads +0.5 +1.0 dB
fu Upper bandwidth limit (-3dB) R =8Q 60 kHz
fi Lower bandwidth limit (-3dB) R =8Q 4 Hz
Z, Abs. output impedance f=1kHz 5 10 mQ
Y4 Load impedance range 2 4 = Q
D Dynamic range A-weighted 117 dB
IMD1 Intermodulation (CCIF) f =19kHz, 20kHz, P, =10W 0.002 0.001 %
IMD2 Intermodulation (SMPTE) f = 60Hz,7kHz(1:4), Po =10W 0.02 0.03 %
TIM Transient intermodulation (TIM) f, = 3.15kHz square, f, = 15kHz, 0.003 0.005 %

Po=10W

Table 4: Electrical Specifications.
2) AES17, 22 kHz 7" order Audio Precision measurement filter is used.
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ICEpower500A, 500W General Purpose Amplifier Version 2.1
Timing Specifications
Symbol Parameter Conditions Min | Typ Max | Unit
tg Switching start up delay | Time from when all power supplies 200 250 300 ms
3 are within operational limits
todm Output delay Time delay to signal * 350 [400 [500 | ms
tmd Mute delay Time delay to mute ¥ 30 50 100 | ms
tamd De-mute delay Time to demute ¥ 300 | 350 | 400 ms
tosd Shutdown delay Supply failure or Standby pin 1 5 us
Table 5: Timing Specifications.
3) For details see Figure 12 and Figure 13.
Typical Performance Characteristics
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Figure 4: Frequency response in 4Q,
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ICEpower500A, 500W General Purpose Amplifier

Efficiency vs. Output Power
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Figure 5: Efficiency vs. output power
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Figure 6: Efficiency vs. output power
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Figure 7: Efficiency vs. output power
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ICEpower500A, 500W General Purpose Amplifier Version 2.1

Harmonic Distortion & Noise
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Figure 8: Harmonic Distortion & Noise.
4) AES17, 22 kHz 7" order Audio Precision measurement filter is used.
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ICEpower500A, 500W General Purpose Amplifier Version 2.1

Application Information

To simplify product development, the ICEpower500A is designed as a ““‘complete” component electrically and
mechanically. A typical ICEpower500A component application is a single channel application (e.g. an active
speaker system). An example is shown in Figure 9.

-12v

Power Supply

+12v
2”% ii;? 85V DC

~= 10000uF/150V

_____________________ L3¢
\

Preamp,
Filter etc. Vi Av =27.1dB Vo.
/ N /

Standby
| \
Stby / Mute controll AGND

Figure 9: Typical application.

Input/Output Interfaces

The balanced input section provides signal buffering and anti-alias filtering. The balanced configuration helps to
avoid hum and noise pick-up. If an unbalanced input be preferred this can be set by shorting Vi- and AGND.

1k 3k3

Vi+

——p
33 To Soft clipping/

MY MY -
vi- #— Wy 1% C1=|=W;’2% akg% Mute Control

AGND

Figure 10: Balanced input buffer / anti-aliasing filter.

The anti-aliasing filter bandwidth is 100 kHz and the filter characteristics are shaped to match the power
amplification section. The audio bandwidth is 60 kHz and the input impedance is approximately 8kQ over the
audio bandwidth. This presents an acceptable load for most pre-amps, active crossover outputs etc.
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ICEpower500A, 500W General Purpose Amplifier Version 2.1

Output Stage

The output stage is a bridge topology with a 2" order filter. This leads to a balanced power output on the
terminals Vo+ and Vo-. The filter design is a part of the proprietary MECC topology and has been chosen as a
compromise between demodulation, efficiency and filter volume.

ICEpower500A
Power e 1
Stage - T C

Output filter

Figure 11: Output filter section with compensating Zobel network.

The essential output characteristics are:

e The output impedance is below 25mQ @ 20 kHz.

e The output residual basically consists of a single frequency component at the carrier fundamental of
approximately 460 kHz. In a standard application set-up, the output characteristics lead to compliance with
the EN and FCC directives on EMI.

e The system bandwidth is 70 kHz with an 8Q2 load.

The ICEpowe500A is designed to have low output impedance at all frequencies (see Figure 4) and thus be
unaffected by loading characteristics. Care should however be taken with purely capacitive loads. The
ICEpower500A is designed to be stable with purely capacitive loads up to 470nF. Higher capacitive loads may
compromise stability and thus damage the device.

Warning! The balanced speaker outputs are both “hot” with a common-mode DC level equal to Vp/2. Always
use balanced probes for monitoring and measurements. Shorting one of the terminals to ground results in an
over current situation. As the module has no internal current limiter even a brief short circuit (phase-to-phase or
phase-to-GND) will damage the device beyond repair. Current limiting circuitry must be connected externally.
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ICEpower500A, 500W General Purpose Amplifier Version 2.1

Operational Timing Diagram

The power supply input pins, the Standby pin and the Mute pin control the ICEpower500A. If the supplies are
not above their minimum values the amplifier will enter standby mode. The amplifier can be forced into standby
mode by pulling the standby pin low. The Mute pin will not stop the switching of the amplifier, but attenuates
the output signal by 60dB when pulled low.

Mute

Signal Out / }\
i

tdmd

+—>
tmd

Figure 12: Mute and de-mute timing definitions.

All power supplies good

AT Tiii

STANDBY
Signal Out )/
. L

&
DTN

pdm psd

Figure 13: Supply startup and shut down timing definitions.

Power-up Sequence

The power supplies control power-up of the ICEpower500A. When the power supplies reach operational power
levels the switching output stage is enabled with a 50% duty-cycle (zero modulation). To ensure power supply
stability before start-up, a propagation delay of t,y = 250ms (typical value) has been introduced. The built-in
mute function subsequently releases the input signal with a timed delay of t4,m,g = 350ms for a soft, controlled
start-up sequence. The total delay from power is applied until full signal amplification is available is thus 600ms.

Power-down Sequence
The module will enter standby mode if:

1. One of the power supplies drops below the minimum acceptable level or falls out completely.
2. The standby pin is pulled low.

In either case the ICEpower500A will shut off instantly (1us) by muting the signal and disabling the output stage.

After a power-down, meaning when the standby pin is released and/or the power supplies return to nominal
values, the ICEpower500A will power up using the standard power-up sequence as described above.

11/16



ICEpower500A, 500W General Purpose Amplifier Version 2.1

Features

Mute Control

The mute function has been implemented to allow soft mute/de-mute of the module. The recommended
external interface circuit for this pin can be seen on Figure 14. Timing specifications are only valid with the
shown interface.

BC546B
R

| 4
Control signal AN I\A v
N

Figure 14: Interface and simplified internal circuit for the MUTE pin.

Standby Control

The Standby pin can be used to put the module in a low power consumption mode. Pulling the standby pin low
sets the standby mode. This function allows quick shutdown of the module and can be used for protection of
the module. The recommended external circuit is shown in Figure 15. The timing specifications are only valid
with the interface circuit shown.

10k

STANDBY

BC546B

Control signal

Y%

Figure 15: Interface and simplified internal circuit for STANDBY pin.
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ICEpower500A, 500W General Purpose Amplifier

Monitor Output

Version 2.1

The monitor output has been implemented as an attenuated, ground referenced version of the balanced output
signal. The internal output circuit of this output is shown in Figure 16. The bandwidth for the monitor output is

limited to 45 kHz.
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Figure 16: Internal circuitry of the monitor output.
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Thermal Design

Thermal design is generally a great challenge in power amplifier systems. Linear amplifier designs operating in
class A or AB are normally very inefficient and therefore equipped with extensive heat sinking to keep the
transistor junction temperature low. The ICEpower500A is based on highly efficient ICEpower switching
technology providing high overall efficiency characteristics at all levels of operation. Refer to the efficiency vs.
output power graph in the section “Typical performance characteristics” for more information.

With R, case-ri = 2 K/W the heat sink can be designed using normal thermal design considerations. Mounting the
ICEpower500A to an aluminum backplane or enclosure is normally sufficient to ensure trouble-free operation
even under continuous loading. Please note that the module relies on both the heat sink and the ambient air for
cooling and so it must be ensured that neither T, nor T, is exceeded during operation. The ICEpower500A has
no thermal shutdown feature and a suitable thermal monitoring circuit must be connected externally if the
application requires protection against thermal overload.

Power Supply

The ICEpower500A has excellent power supply rejection on the main supply line (V,) due to the use of
ICEpower’s patented COM modulation, and as such there are no specific requirements for power supply
stabilization. The ICEpower500A runs well even on an unstabilized supply, linear or switch-mode, with several
volts of ripple. The COM modulation technology also means that power supply bypassing and layout are not
critical and that poor layouts will not cause stability problems as can be the case in linear amplifier designs.

The analog V. and V¢ supply lines must be regulated. Noise and ripple on these supplies will directly affect
overall system performance and voltages exceeding 15V on either line will damage the device.
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Physical Dimensions
85402

23.540.
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Figure 17: Physical dimensions ICEpower500A-IC.
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ICEpower500A, 500W General Purpose Amplifier Version 2.1

Notice

The data sheet contains specifications that may be subject to change without prior notice. ICEpower is a
trademark of Bang & Olufsen ICEpower a/s.

Bang & Olufsen ICEpower a/s products are not authorized for use as critical components in life support devices
or systems without the express written approval of the president and general counsel of Bang & Olufsen
ICEpower a/s. As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be reasonably expected to result in a significant
injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can

be reasonably expected to cause the failure of the life support device or system, or to affect its safety or
effectiveness.

16/16




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


