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General Description
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The ICHatch series is offering a nevighlyflexible agproach towardgully integrated, intdligent audio power conversion, intended for activation of

loudspeakers andustom installation amplifiers.

Key benefits include:

1  Stateof-the-art, high efficiency ICEpow&iass @mplification stage based on the
patented HCOM modulation and MECC control techniques

1 A regulated high efficiencylCEpower Supply witluniversal mains converter
ensurirg high grformance independently of mains voltage

1 On board standby conviar with less than0.5W power consunption from mains

with 0.25W as payload

1  Compact mdule size fisdirectly into a 1U rack system, enabling ud@channels
AY 2yS mpé OFoAySi

§  The ICEmatch modules are EMC and Safety prdlINE S S R | yoke BlEK & -
completeness allows for fast desigmand mininized time to market

The ICEBatchmodule seriesvith its on-boardheat sinkeliminatesthe need for additionabulky heat sinks andheavy mains transformerdhe unique
flexibility and intelligent featuremakethe ICEnatch moduleghe naturalchoice inmulti-channelaudio applicatios, custom installation systems and

active speaker designs

The ICBatch modulesare protected against short circuits, ovirad, overheatingand DC on output
The integrated protection scheme ensures music at all times tetipredefined maximuntimits are reached and a safe shutdown is required.
The solutionincludes an ofboard fuseand EMI filtering to provideraENand FCC prapprovedsubsystem

Key Specification€Epower80AM2

2x80N @0.03% THD+N20Hz; 20kHz AW/ SE
160W @0.04% THD+N20Hz; 20kHz 8/ BTL
Max output voltage / current: @/, / 20A,, 4W/ SE
Max output voltage / current: 56V 20A,, 8W/ BTL
110dBA dynamic range

Idle noise = 50uV -#eighted, 20Hz, 20kHz SE
THD+N= 0.002% @ 10WWkHz 41/ SE

Key $ecifications ICEpower400SM

Supply for up to 400W amplifier output power
UniversaMains 85264Vac

Standby power consumption < 0.5W

+/-12V AUX supply 700mA

+5V Auwsupply 10A

Key Features

High gualityaudioamplification system

Highly flexible system naularity

[ 2YLI OG &A1 S FAiEA m! mdé NI O
Fully integrated audio power solution

Thermal protection

Over current protection

Protection against DC on output

Control pins allow easy control and status indication
EMI conforms to:

EN55013

EN55020

EN61006B-2

EN610003-3

CISPR 13

CISPR 20

IEC 61003-2

IEC 61003-3

FCC part 1B

EN 55032: see note 1

Safety caforms to:

IEC 60065'Ted.*, IEC 60065"8ed

UL 60065 7 ed *

*including tropical climate conditions 45°C ambient
IEC 62364.:2014 2nd ed.

UL 6236-1 2nd ed.
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Release Notes

Page5 of 56

Version Date Revised by Description

1.0 201709-05 LBH/DIT Output voltage / current spe@dded
Safety and EMI standards updated
Address updated
Legal Notes added

1.1 201802-02 LBH/DIT Environmental specifications updated
Ambient temperatureoperatingadded

1.2 201804-18 LBH/DIT Safety standards updated
623681:2014 2nd ed

1.3 201811-06 LBH/DIT Absolute Maximum Ratingad External

Interfacing updated
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Typical ICEmatch Application Block Diagram
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Figurel Block diagram ICEmatch

A typical ICEmatch application consists of one ICEpower400SM power suguiplieand up to eight ICEpower80AM2 audio amplifievdules Each
amplifier module can be configed as either a two channel amplifier of 2 x 80W intoat as a bridged single channel amplifier of 1 x 160W ifto 8

Furthermore, the CEpower400Sower supply will provide +5V and-32V for a preamplifigrcrossoverDSP and microprocessor board amcludes
interface for external circuits such as LED drive and 12V trigger input. A high efficiency standby converter is alsevinicluaéti enable remote
on/off, startup on audio signand other typical standby functions.

Connection for an optioriadditional 400V DC bulk capacitor is also provided to enhance low frequency audiogasfeemance in countries having
extreme low mains voltages.
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ICEpower400SM

The ICEpower400SM is a true universal mad@®nV switch mode power suppbperatingfrom 85Vac to 264Vaudtilizing ICEpower patented
technology It provides power for up to eight ICEpower80AM2 amplifier modules as well essimmer preamplifier/processor modulesid includes
LED drive, monitoring and control signals
The supply outputare protected against overload and short circuit conditions and the power devicgsaeeted against overheating.

Page7 of 56

The ICEmatch BUS (Supply BUS & Control BUS) are only to be used for interconnection between ICEpower400SM and a mawke8@AME
Please note that only up to 8 ICEpower80AM2 modules can be connected to the ICEpower400SM. Connecting more than 8 modusesanay
protective shutdown of the ICEpower400SM.

Note: Ensure sufficient clearance for live parts and adequate ventilatioraferesd proper operation.

Block Diagram
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Figure2: ICEpower400SM Block Diagram
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Absolute Maximum Ratirgg

Absolute maximum ratings indicate limits above which damage may occur.

Mains Input Section

Symbol Parameter Value Units
AGnax Maximum mains voltagésafety test) 264 Vac
AGain Minimum mains voltagésafety test) 85t Vac
Fmains Mains frequency range 85VAQ64VAC | 45¢ 65 Hz

Tablel: Absolute maximam ratings, mains ingt section

The maximum operating/usage mains voltage is 240Vac and the minimum operating/usage mains voltage is 100Vac.

CGontrol pin Section

Signal_Sense

otherwise ZI' nT1 1 KO0

Symbol Parameter Value Units
3-5V_Trigger Maximum control voltage 47 \%
12V_Trigger Maximum control voltage 57 Y
Signal_Sense+ Maximum voltage +2.5 A
Signal_Sense Maximum voltage 2.5 A
Signal_Sense+ (I\J/{ﬁ)éinrziusz zufzrentfﬂc){aar?(ping at2.5V, 10 mAek
Maximum current (clamping at 12V, 10 mAek

Table2: Absolute maximum ratings, control pin section

Page8 of 56
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ThermalSoecifications
Unless otherwise specifieds=25°C, f=1kHz, RAW, 230V mains

Symbol Parameter Conditions Min Typ Max Units

tpmax Time of maximum output power 5 x 80W= 400W - 80 - S
Limited by ICEpower4005 3 X ICEpower80AM2MSE

Pr Continuous total amplifier output power Thermal stab. @a= 25°C - 80 - w
without thermal shutdown. 3 X ICEpower80AM2WMSE
Limited by ICEpower400SK30VAC

Pr Continuous total amplifier output peer Thermal stab. @a= 25°C - 80 - w
without thermal shutdown. 3 X ICEpower80AM2WMSE
Limited by ICEpower400SM15VAC

Pr Continuous amplifier output power per channg Thermal stab. @.= 25°C - 5 - w
without thermal shutdown. 8 x ICEpower80AM2 W SE
Limited by ICEpower400SM 16 channels

Pst.oy Quiescent power consumption, 115VAC - 0.09 - w
Standby, no load 230VAC - 0.19 -

Pstby_out Maximum output power on 5Vst.by ensuring </ 115VAC - - 0.32 w
0.5W quiescent power consumption in standby 230VAC - - 0.23
mode

Py Quiescent power consumption, 115VAC - 4.2 - w
ICEpower400SM on mode, no Iéad 230VAC - 7.8 -

D The ICEpower400SM is designed to run with a minimum load of a single ICEpower80AM2. Loading below the minimum loadrcantrefsfiec

performance.

Table3: Powerand Thermaspecifications
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Electrical SpecificatiorSeneral

Unless otherwise specified:=25°C.

Pagel0of 56

Symbol Parameter Conditions Min Typ Max Unit

Imax.+12v Maximum rated output current +12V AUX 7009 mA

Imax-12v Maximum rated output current -12V AUX 7009 mA

Imax.stby Maximum rated output current +5\4by Standby mode 200 mA

Imax.stby.on Maximum rated output current +5\tpy On mode 1.0 A

Gnax.pc_Bulk Maximumoptional externakapacitarce DC_Bulkd00V(P7) 780 uF

Gnaxst.by Maximum external capacitance 5V_Stb load = 25K 820 uF

Vsv_sth.tol Tolerance of 5V_Stb nl X [2FR X ™! 5 %

Viaav ol Tolerance of +12V nl X [2FR X Tnan 10 %

Vsv_stb ripple Ripple of 5V_Stb Load = 1A 100 mVpp

V12V ripple Ripple of #12V Load = 700mA 100 mMVpp

Vlrig sig_sense Signal senseTrigger Level Sine wave 75HzkHz 13 3 mV

Vlrig.oc 3-5Vtriggerg Trigger Level 1.8

Voit.oc 3-5Vtrigger¢ Off Level 0.8

Vtrig.12v 12V triggerg Trigger Level 3.8

Vott.12v 12V triggerg Off Level 1.5

Imin.LED Nominaloutput current LEDprog Open 11 mA

Imax.LED Nominaloutput current LEDprog Shorted 7.4 mA

VimaxLED.min.I Availableoutput voltage at min. current LEDprog Open 4.0 Y,

Vmax LED.max.I Available output voltage at max. current LEDprog Shorted 1.8 Vv

fsmps.stby Switching frequency St.by mode 20 22 - kHz
(st.by power supply)

fsmps.on Switching frequency On mode - 125 - kHz
(st.by power supply)

fsmps.main Switching frequency - 125 - kHz
(main power supply)

fsmps.aux Switching frequency - 150 - kHz
(AUX power supply)

D The available auxiliary output current dependstba number of connected ICEpower80AM2 modules. Base5.

Table4: Electrical specificatiorgeneral
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Available £12V Aullary Supply Current

The available auxiliaisupply current variewith the number of connected ICEpower80AM2 modules

Unless otherwise specified:=25°C.

Symbol Parameter Value Units
no_80AM2 1 to 4 ICEpower80AM2 modules +700 mA
no_80AM2 5 ICEpowe80AM2 modules +620 mA
5 ICEpower80AM2 modules +1200 mA
no_80AM2
- -120
no_80AM2 6 ICEpower80AM2 modules +530 mA
6 ICEpower80AM2 modules +950 mA
no_80AM2
-110
no_80AM2 7 ICEpower80AM2 modules +440 mA
7 ICEpower80AM2 modules +790 mA
no_80AM2
-90
no_80AM2 8 ICEpower80AM2 modules +350 mA
8 ICEpower80AM2 modules +630 mA
no_80AM2 20

Table5: Electrical specificationtsl 2V Auxiliary Supply

Pagellof 56

Due to the nature of the auxiliary supplyis possible to draw up to 90% of the comhingl2V current from the +12V rdilus leaving 10% for thel2V

rail.
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Connectios
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for AUX circuits DC_Bulk
‘ g (] \P4\ T llz‘H- — \';I . * } 1 P7 2
= =0 il g e —
B g0 |
G (= 5
Control BUS | § N Moty u \ li
L 0 oeyn, ) 1A %‘
© .]_1_’::_7 ~ I
AL A=l D U \ [
2 O [ y - ﬂj!ﬁ
External 0 | Crmte L= . \ = 1-0m '*’;
Control/Status St Y EEL,‘:'J‘J ‘ R )
el s il
aa {
0

o B ’_
Supply BUS o LI 0 —
i [l . 7
- | [ | g
=700 7L
:IDU ’ — o [ = s
; _T_ m R'H: - I\_____/I | a'i
W1 = {1 o =5 l ol
) - 200 ' - P
Chassis GND _ ]ﬁDE—F ‘ —

).
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2 P1L 1
AC/Mains

Figure3: ICEpowet00SM connections

The connector interface of the module uses industry standard connectors selected for long term relfdnildggnnector type number and description

seeConnector Pin Description

Connector Pin Description

AC/Mains Header Specification (P1)

PCB part Manufacturer: JST; MPN: B2WBi

Pin Designation Description Type
1 N MainsNeutral Input
Voided
2 L MainsLive Input
Table6: AQMains connector specifications
DC BullHeader Specification (P7)
PCB part Manufacturer: JST; MPN: B2R8BI
Pin Designation Description Type
1 DC_bulk Optiond external D@ulk 400Vcapacitor(+) Input
2 GNDp Optional external DC bulk 400V capacitr ( Input

Table7: DC Bulk connector specifications
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Amplifier Supply BUS Header Specification (P3)
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PCB part Manufacturer: JST; MPN: B¥R

Pin Designation Description Type

1 D Amplifier positive supply Output

2 GNDA Amplfier GND GND

3 VS Amplifiernegative supply Output

4 Vdrive Vdrive supply voltage, +12V relative to VS Output
Table8: Amplifier Supply B8 connector specifications
Amplifier Control BUS Header Specification (P2)

PCB part Manufacturer: Tyco; MPN: 3380&B8(MicroMaTch)

Pin Designation Description Type

1 CA_Vclip+ Reduce amplifier max out to protect SMPS. Analog output

2 CA_Vclip Redwce amplifier max out to protect SMPS. Analog output

3 GNDA Amplifier GND GND

4 VDD +5V amplifier supply voltage Output

5 VSS -5V amplifier supply voltage Output

6 CA_Thermal Common amplifier thermal monitor Input

7 CA_OC Common amplifier over currémonitor Input

8 CA_DC_protect Common amplifier DC protect Input
Table9: Amplifier Control BUS connector specifications
Power/control for AUX Circuits Header Specification (P4)

PCB part Manufacturer: Tyco; MPN:-3380682 (Micro-MaTch)

Pin Designation Description Type

1 +12V Pre Amplifier supply voltage Output

2 GNDB GND for £12V GND

3 -12v Pre Amplifier supply voltage Output

4 CA_Thermal Thermal monitor (amplified Ly G4 SNyYyUp. mna{ K t| Output

5 CA_OC Over current monitor (amplifie) Ly G SNy -Ug. wmn | K| Output

6 CA_Vclip_mon Vclip monitor Analog Output

7 LED_prog Input to program LED current Analoglnput

8 3-5Vtrigger Control signal for power up dg&5Vlogic Input

9 5V_Stb Standby voltage Output

10 5V_Stb Standby voltage Qutput

11 GND GND for 5V_Stb (digital GND) GND

12 GND GND for 5V_Stb (digital GND) GND

Tablel0: Power/control for AUX Circuits connector specification
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Exernal Control/Status Header Specification (P5)
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PCB part Manufacturer: JST ; MPN: BPBI

Pin Designation Description Type
1 12V_trigger 12V trigger input Input
2 GND GND for 5V_Stb (digital GND) GND
3 Signal_Sense+ Balanced inpu¢+)for signal sense Input
4 Signal_Sense Balanced inpu¢-) for signal sense Input
5 Red_LED LED drive Output
6 LED_Common Common LED Terminal Output
7 Green_LED LED drive Output

Tablel1: External Control/Status connector specification

Extenal Interfacing ICEpower400SM

Mains Input

The ICEpower400SM acceptsymainsvoltagein the rangeof 85Vacto 264\acfor flexibility and ease of logistics.
To reduce size and the total system cost, inputk capacitors are optimized for full performanaénominal mains of 115VAC/60Hz and higher.

For mains voltagelselow 115VA@erformance will be slightly reduced and theref@&onnector for extra inpubCbulk capacitysfitted on the PCB
(P7).Adding additional DC bulk capacitarszeh as tw@90uFAO00Vcapacitorswill boost performance atOOVAC

Line
P1

Neutral

DC_Bulk
P7
GNDp

ICEpower 400SM

ERETREI RO

DC_Bulk

GNDp

Figured: Connector for adding extra input bulk capacity

It is recommended to keep mains wareell away fromespecially thenagnetic componentasit can pick up switching noisand thus compronte EMC
performance

+12V auxiliary voltages

ThelCEpowet00SM is equipped with an auxiliary converter to supipé/l CEpoweBOAM2amplifiers with 5V and 12fér the ICEpower Class D
controllers anddrivers respectively These supply voltages are routed in the Supply Bus and Control Bus for the ICEpower80AM2 modules. These
voltages should not be used for any other purpose.

The ICEpower400Sso features aeparatet12V output for external uséhis output en supply up t&00mA and can be used fsystemcontrol,

DSP microprocessoand preamp circuitry.

The +12V auxiliary voltage is not available in standby mode.

5V Standby Converter

ThelCEpowet00SM is equipped with separate5V standby converter to sy external control circuitryThis output can supply ue 200mA in
standby mode and 1®whenthe main SMPS is on.

Only the 5V standby supply voltage is available in standby mode.

The grounding of the 5V standby converter output (GND) has been D@igvlatd mnn K Db 5
loops. It is recommended to use the ground connectias shown ifrigureb.

AYLISREyOSO

TNRY &deadsSy
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ICEpower 400SM Application Circuitry
P4
> 5V_Stb :
% ‘J——' } Control
GNDT GND 3 Signal
| Input
100nF 100R ! I
! 270R
NL +12V 3 3 ——1nF
% é ! l£' inF
ooe | GNDB | T proamp ) —&
- + L
T -12v i :T Q) jz\
100R
P2 S e
NL é +5V ;
é non | GNDA |
% s |
T -5V 3
P3
N lj—_l +33V 3
% . GNDA |
Al i
T 33V
4
m@ ICEpower 80AM2
J7 Each Channel
waoo  LO0F <l:,‘:g)
Chassis (:)
10k GNDA™

Figure5: Groundng andexternal circuitrywith suggested EMI filtering at the signal input

CA_Vclip_mon

TheCA_Vclip_momonitor output provides a noibufferedreplica of the internaprotection bus signakith anoutput impedance of 10kOhniHereby
the signal level dexed for the application can be implemented by selecting the value of a single resistor as shown in

Figures6. If the signal is usefbr driving other circuitsensure that a buffer is useBor further descriptiorof the Vclip protection bus, seae

Protection Feature@

aSotirzyo

Application circuitry

ICEpower 400SM
4|1:0k CA_Vclip_mon 04V ApL
33R | Vclipbus
0-13v
3k9
100nF ==
GNDA GND
< 7

Control
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Figure6: Monitor output and suggested application

LED_prog

For easy implementation ofisud indicators the ICEpowefO0SM features an onboapgtogrammablecurrent LEEdriver with 2 different display modes
for indication ofon-modeandstandbymode.

The current programming of the LEDs is done by applying a resetteeén the LED_prog pin andNGor 5V_Sttas illustrated irFigure?.

If resistor values lower than 3k9 is connected between LED_prog and 5V_Stb the LED will turn off.

ICEpower 400SM LED current [mA] vs. Rset [Ohm] to GND
o8
220R Green_LED ! \
Q{1 6
LED \\
control N
5 220R Red_LED LD (Reet s \\
P
3 ~
[
| —
o . —
RED  |GREEN
100R LED_common o

0 100 200 300 400 500 600 700 800 900 1210°

¢ LED_prog A Rset_gnd 1000
LED current [mA] vs. Rset [kOhm] to 5V_stb
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Figure7: Applicaton of the current programmable LED driver

On/off control L2V trigger3-5Vtriggerand Signal_Sense)

Throughthe onboard 5V standby converter th€ Epowet00SM can be powered on and off externally by using the two signals 12V triggésahd
trigger. ASignal_Sense functids also provided whichutomaticallycanswitchon the ICEpower400SM in the event of an audio signabaritth off

the ICEpower400SM tenter standby mode when no audio signal has been present on the signal terminals foxiaggtely 13 minutes

The Signal sense function consists of an@deétection circuit and a timer. If an audio signal of more than typically 1.3 mV is present on the
Signal_Senserminals, the main SMBwill always be in the On mode, unless the 12V ai¥/3riggers are both highf none of the two triggers are
high and audio is not present at the terminals the timer silitchoff the SMPS after3minutes.

Together thel2V and the &Vtriggersperform a logic Exclusive Or function, which enables the destgrferce the module off with logic signals, also
when the Signal_Sense function is usedeTablel2 for on/off control truth table.

Whenchanging control signals froon mode tostandbymode, there is &200msdelay beforethe main SMPS turnsfofThis is to provide time for
circuitry connected to 5V_Stb to power downorderto meet the standby mode current draw requirements.

Signal on Signal_Seng 12V trigger| 3-5V trigger| Mode
within last 13 minutes

X H H Sandby
NO L L Standby
YES L L ON

X L H ON

X H L ON

Tablel2: On/Off truth table
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Figure8: Typical application with Signal_Sense funciiofully balanced configuration
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Figure9: Typical application with Signal_Sense functiosingle endedtonfiguration

Icc

power



Pagel18of 56
Protection Features

Main Converter

The Main Converter is equipped wiixprotection sensorsvhich can either reducthe audio peak power level or switch off the Main Convedsr
last resort against unrecoverable erroRiease se€igure2: ICEpower400SM Block Diagreonconnection of the protection sensors.

Fiveof the sk protection sensors act through a common amplifier peak clipper circuit in order to limit the peak power draw to a safadehelkeep
the systemplaying the music signaln the event that the peak power reduction is not sufficiémtthe circuitsto operatewithin safe limitsa forced
switchoff is initiated. After a off period of approximatel® semndsthe Main Converter will start again.

The last protection sensavill in the event of an erroswitch off the Main Converteor 9 semndsafter which it will start again.

Hence all protection circuits have an inherent selfovery feature so no user interaction is needed.

PrimaryHeatsinkThermalProtection

The temperature of the primary side heatsink is monitored constantly and in the évatthe temperaturelimit is exceededhe common amplifier
clip circuit is gradually activated to ke#fe music signal playing.

SecondarHeatsinkThermalProtection

The temperature of the secondary side heatsink is monitored constantly and in thetea¢tthe temperaturelimit is exceedegdthe common amplifier
clip circuit is gradually activated to keep the music signal playing.

Average Current Protection

The Main Converter output current is monitored and the average current is calculated. Inghttleat the averag current has been too high for a
safely defined timgthe common amplifier clip circuit is gradually activated to keep the music signal playing.

VD and VS Overload

In the event that one or both of the power rails for the amplifier BB, and VS, is overloaded agither ofthe voltagesdrops below a safe limthe
common amplifier clip circuit is gradually activated to keep the music signal playing.

AmplifierDC Protegon

In the event that a DC is detected on the output of any afieplit is assumed that the amplifier is defective and the Main Converter will be switched off
immediately. After a period dfme the Main Converter wi automatically be switched oand if the DC voltage still is detected it will be switched off
againand thusgointo a cyclicabn/off operation

AuxiliaryConverter

The Auxiliary Converter generates tfedlowing supply voltages.
1  +12V for a preamplifier or otherauxiliarycircuits requiring this level of supply voltage.
1  +5V BUS for the connected ICEpo8@AM2 amplifiers. Note: This voltage should not be used for any other purpose.
1  Vdrive BUS for the connected ICEpower80AM2 amplifiers MOSFET drive circuits. Note: This voltage should not be uséwefor any ot
purpose.

As the ICEpower80AM2 Class D anepéifare of the single ended out type, supply pump cancellation is needed to avoid the need for huge decoupling
capacitors. This supply pump cancellation action is performed by the Auxiliary Converter.

ThermalProtection

The temperature of the Auxiliaryo@verter power devicess constantly monitored and in the event that thmeemperature reaches the maximum safe
limit, the common amplifier clip circuit is gradually activated to keep the music signal playing.

Icc
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SupplyPumpCanceler @erloadProtection

Thepump cancellation current is constantly monitdrand in the event that theurrent reaches the maximum safe limit the common ampilifier clip
circuit is gradually activated to keep the music signal playing.

+12V Output Short Circuit Protection

The output curent of the £12V auxiliary voltages are constantly monitored and if the maximum allowable current is exceeded on dithsuppty
outputs the Auxiliary Converter is switched fiff a short period of timafter which it will restart. If the short ciuit still exists the Auxiliary Converter
will go into a cyclic protectiomode to prevent damage of the circuits.

Standby Converter

The Standby Converter has two operation modes with different power capability.

When in standby mode the converteperatesin a low power consumption mode where it will be compliant with the 0.5W regulatibife offering
250mW on its 5V output to auxiliary circuitdowever, it will supply up to 1W in standby mode.

In full operation mode the Standby Converter can supplyouV onthe 5V output.

Overload

The Standby Converter is protected against overload conditionthe event of a short circyithe converter will switch offor a short period of time
where after it will restart. If the short circuit is still presahe converter will again switch off and thus keep the circuits within safe limits.
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Physical Dimensions

Note the location of pin 1 of all connecto/sl]l dimensions are in mm.
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Figurel0: ICEpower400SM mechanical outliném@nsions in mm.
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Figurell: ICEpower400SI8ideview. Dimensions in mm.
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Figurel2: ICEpower400SKD-view
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