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0IN.O� 0IN.O� )NPUT�
���-1&0	 ���,1&0	 -NEMONIC /UTPUT $ESCRIPTION


 �  .# .O#ONNECT
�  �  -#,+� ). -ASTER#LOCK)NPUT����F3FF ����F3FF
�  �  -#,+� ). -ASTER#LOCK)NPUT����F3FF ����F3FF
�  �  -#,+� ). -ASTER#LOCK)NPUT����F3FF ����F3FF
�  �  $%%-0� ). %NABLES����K(Z$EEMPHASIS&ILTER�/THERS!VAILABLETHROUGH30)#ONTROL	
  3$!4!?!58 !UXILIARY3ERIAL$ATA)NPUT
� � -54% ). -UTE3IGNAL�)NITIATESVOLUMERAMPDOWN�
�  �  $6$$ $IGITAL3UPPLYFOR$30#ORE����6TO���6
�  �  3$!4!�  ). 3ERIAL$ATA)NPUT�
�  �  "#,+� ). "IT#LOCK�
�  ��  ,2#,+�  ). ,EFT�2IGHT#LOCK�
�� �� 3$!4!�  ). 3ERIAL$ATA)NPUT�
�� �� "#,+� ). "IT#LOCK�
�� �� $'.$  $IGITAL'ROUND
�� �� ,2#,+�  ). ,EFT�2IGHT#LOCK�
�� �� 3$!4!� ). 3ERIAL$ATA)NPUT�
�� �� "#,+� ). "IT#LOCK�
�� �� ,2#,+�  ). ,EFT�2IGHT#LOCK�
�� �� #$!4! ). 30)$ATA)NPUT
�� �� ##,+ ). 30)$ATA"IT#LOCK
�� �� #,!4#(  ). 30)$ATA&RAMING3IGNAL
�� �� 2%3%4" ). 2ESET3IGNAL�!CTIVE,OW
�� �� !6$$ !NALOG�63UPPLY
�� �� !'.$ !NALOG'.$

�� .# .O#ONNECT
�� �� 6/543n /54 .EGATIVE3UB!NALOG$!#/UTPUT
�� �� 6/543�/54 0OSITIVE3UB!NALOG$!#/UTPUT
�� �� !'.$ !NALOG'.$
�� �� 6/542n /54 .EGATIVE,EFT!NALOG$!#/UTPUT
�� �� 6/542� /54 0OSITIVE,EFT!NALOG$!#/UTPUT
�� �� !6$$ !NALOG�63UPPLY
�� �� !'.$ !NALOG'.$
�� �� !6$$ !NALOG�63UPPLY
�� �� 6/54,� /54 0OSITIVE,EFT!NALOG$!#/UTPUT
�� �� 6/54,n /54 .EGATIVE,EFT!NALOG$!#/UTPUT
�� �� !'.$ !NALOG'.$
 �� .# .O#ONNECT
 �� .# .O#ONNECT
�� �� 62%& ). #ONNECTIONFOR&ILTERED!6$$��
�� �� &),4#!0  ). #ONNECTIONFOR.OISE2EDUCTION#APACITOR
�� �� :%2/&,!'/54 :ERO&LAG/UTPUT�(IGHWHENBOTHLEFTANDRIGHTCHANNELSARE�FOR����FRAMES�
�� �� 3$!4!/54/54 3ERIAL$ATA-UX/UTPUT
�� �� "#,+/54 /54 "IT#LOCK-UX/UTPUT
�� �� ,2#,+/54 /54 ,EFT�2IGHT#LOCK-UX/UTPUT
�� �� /$6$$  $IGITAL3UPPLY0INFOR/UTPUT$RIVERS����6TO���6
�� �� $#3/54/54 $ATA#APTURE3ERIAL/UTPUTFOR$ATA#APTURE2EGISTERS�5SEINCONJUNCTIONWITH

SELECTED,2#,+AND"#,+TOFORMA�WIREOUTPUT�
�� �� #/54 /54 30)$ATA/UTPUT�4HREESTATEDWHENINACTIVE�
�� �� -#,+/54 /54 -ASTER#LOCK/UTPUT���F3FF ����F3FF �&REQUENCY3ELECTEDBY30)2EGISTER	
�� �� $'.$  $IGITAL'ROUND


&ORACOMPLETEDESCRIPTIONOFTHEPINS�REFERTOTHE0IN&UNCTIONSSECTION�
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40#��4ONE"URST2ESPONSEWITH#OMPRESSOR
4HRESHOLD3ETTOn��D"

0%2&/2-!.#%0,/43
4HEFOLLOWINGPLOTSDEMONSTRATETHEPERFORMANCEACHIEVEDONTHE
ACTUALSILICON�40#�SHOWSAN&&4OFAFULLSCALE�K(ZSIGNAL�
WITHA4($�.OFn���D"�WHICHISDOMINATEDBYASECOND
HARMONIC�40#�SHOWSAN&&4OFAn��D"SINEWAVE�DEMON
STRATINGTHELACKOFLOWLEVELARTIFACTS�40#�SHOWSAFREQUENCY
RESPONSEPLOTWITHTHESEVENEQUALIZATIONBIQUADSSETTOANALTER
NATINGPATTERNOF�D"BOOSTSANDCUTS�40#�SHOWSALINEARITY
PLOT�WHERETHEMEASUREMENTWASTAKENWITHTHESAMEEQUALIZATION
CURVEUSEDTOMAKE40#��7HENTHEBIQUADlLTERSARENOTINUSE�
THESIGNALPASSESTHROUGHTHElLTERSWITHNOQUANTIZATIONEFFECTS�
40#�THEREFOREDEMONSTRATESTHATUSINGDOUBLEPRECISIONMATH
INTHEBIQUADlLTERSHASVIRTUALLYELIMINATEDANYQUANTIZATION
ARTIFACTS�40#�SHOWSATONEBURSTAPPLIEDTOTHECOMPRESSOR�
WITHTHEATTACKANDRECOVERYCHARACTERISTICSPLAINLYVISIBLE�4HE
RMSDETECTORWASPROGRAMMEDFORNORMALRMSTIMECONSTANTS�
THEHOLD�DECAYFEATUREWASNOTUSEDFORTHISPLOT�
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n�n

!NEXTENSIVE30)PORTALLOWSCLICKFREEPARAMETERUPDATES�ALONG
WITHREADBACKCAPABILITYFROMANYPOINTINTHEALGORITHMmOW�

4HE!$����INCLUDES!$)�SPATENTEDMULTIBIT3$$!#ARCHITEC
TURE�4HISARCHITECTUREPROVIDES���D"3.2ANDDYNAMICRANGE
AND4($�.OFn���D"�4HESESPECIlCATIONSALLOWTHE!$����
TOBEUSEDINAPPLICATIONSRANGINGFROMLOWENDBOOMBOXESTO
HIGHENDPROFESSIONALMIXING�EDITINGSYSTEMS�

4HE!$����ALSOHASADIGITALOUTPUTTHATALLOWSITTOBEUSED
PURELYASA$30�4HISDIGITALOUTPUTCANALSOBEUSEDTODRIVEAN
EXTERNAL$!#TOEXTENDTHENUMBEROFCHANNELSBEYONDTHETHREE
THATAREPROVIDEDONTHECHIP�

4HISCHIPCANBEUSEDWITHEITHERITSDEFAULTSIGNALPROCESSING
PROGRAMORWITHACUSTOMUSERDESIGNEDPROGRAM�'RAPHICALPRO
GRAMMINGTOOLSAREAVAILABLEFROM!$)FORCUSTOMPROGRAMMING�

&%!452%3
4HE!$����ISCOMPRISEDOFA��BIT$30���BITSWITHDOUBLE
PRECISION	FORINTERPOLATIONANDAUDIOPROCESSING�THREEMULTIBIT
3$MODULATORS�ANDANALOGOUTPUTDRIVECIRCUITRY�/THERFEATURES
INCLUDEANONCHIPPARAMETER2!-THATUSESASAFEUPLOADFEATURE
FORTRANSPARENTANDSIMULTANEOUSUPDATESOFlLTERCOEFlCIENTSAND
DIGITALDEEMPHASISlLTERS�!LSO�ONCHIPINPUTSELECTORSALLOWUP
TOTHREESOURCESOFSERIALDATAANDMASTERCLOCKTOBESELECTED�
4HE�CHANNELCONlGURATIONISESPECIALLYUSEFULFOR���PLAYBACK
SYSTEMSTHATINCLUDETWOSATELLITESPEAKERSANDASUBWOOFER�
4HEDEFAULTPROGRAMALLOWSFORINDEPENDENTEQUALIZATIONAND
COMPRESSION�LIMITINGFORTHESATELLITEANDSUBWOOFEROUTPUTS�
&IGURE�SHOWSTHEBLOCKDIAGRAMOFTHEDEVICE�

4HE!$����CONTAINSAPROGRAM2!-THATBOOTSFROMANINTERNAL
PROGRAM2/-ONPOWERUP�3IGNALPROCESSINGPARAMETERSARE
STOREDINA���LOCATIONPARAMETER2!-�WHICHISINITIALIZEDON
POWERUPBYANINTERNALBOOT2/-�.EWVALUESAREWRITTENTO
THEPARAMETER2!-USINGTHE30)PORT�4HEVALUESSTOREDINTHE
PARAMETER2!-CONTROLTHE))2EQUALIZATIONlLTERS�THEDUAL
BANDCOMPRESSOR�LIMITER�THEDELAYVALUES�ANDTHESETTINGSOFTHE
STEREOSPREADINGALGORITHM�

4HE!$����HASAVERYSOPHISTICATED30)PORTTHATSUPPORTS
COMPLETEREAD�WRITECAPABILITYOFBOTHTHEPROGRAMANDTHEPARA
METER2!-�4WOCONTROLREGISTERSAREALSOPROVIDEDTOCONTROL
THECHIPSERIALMODESANDVARIOUSOTHEROPTIONALFEATURES�(AND
SHAKINGISALSOINCLUDEDFOREASEOFMEMORYUPLOADS�DOWNLOADS�

4HE!$����CONTAINSFOURINDEPENDENTDATACAPTURECIRCUITS�
WHICHCANBEPROGRAMMEDTOTAPTHESIGNALmOWOFTHEPROCESSOR
ATANYPOINTINTHE$30ALGORITHMmOW�4HESECAPTUREDSIGNALS
CANBEACCESSEDEITHERTHROUGHASEPARATESERIALOUTPIN�I�E��THAT
CANBECONNECTEDTOANEXTERNAL$!#OR$30	ORBYREADINGFROM
THEDATACAPTURE30)REGISTERS�4HISALLOWSTHEBASICFUNCTIONALITY
OFTHE!$����TOBEEASILYEXTENDED�

4HEPROCESSORCOREINTHE!$����HASBEENDESIGNEDFROMTHE
GROUNDUPFORSTRAIGHTFORWARDCODINGOFSOPHISTICATEDCOMPRES
SION�LIMITINGALGORITHMS�4HE!$����CONTAINSTWOINDEPENDENT
COMPRESSOR�LIMITERSWITHRMSBASEDAMPLITUDEDETECTIONAND
ATTACK�HOLD�RELEASECONTROLS�TOGETHERWITHANARBITRARYCOMPRESSION
CURVETHATISLOADEDBYTHEUSERINTOALOOKUPTABLETHATRESIDES
INTHEPARAMETER2!-�4HECOMPRESSORALSOFEATURESLOOKAHEAD
COMPRESSIONTHATPREVENTSCOMPRESSOROVERSHOOTS�
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n��n

4HE!$����HASAVERYmEXIBLESERIALDATAINPUTPORT�WHICH
ALLOWSFORGLUELESSINTERCONNECTIONTOAVARIETYOF!$#S�$30
CHIPS�!%3�%"5RECEIVERS�ANDSAMPLERATECONVERTERS�4HE
!$����CANBECONlGUREDINLEFTJUSTIlED�)�3�RIGHTJUSTIlED�OR
$30SERIALPORTCOMPATIBLEMODES�)TCANSUPPORT��BITS���BITS�
AND��BITSINALLMODES�4HE!$����ACCEPTSSERIALAUDIODATA
IN-3"lRST�TWOSCOMPLEMENTFORMAT�4HEPARTCANALSOBESET
UPINA�CHANNELSERIALINPUTMODEBYSIMULTANEOUSLYUSINGTHE
SERIALINPUTMUXANDTHEAUXILIARYSERIALINPUT�

4HE!$����OPERATESFROMASINGLE�6POWERSUPPLY�)TISFABRI
CATEDONASINGLEMONOLITHICINTEGRATEDCIRCUITANDISHOUSEDINA
��LEAD-1&0OR��LEAD,1&0PACKAGEFOROPERATIONOVERTHE
TEMPERATURERANGEn��ª#TO����ª#�

0).&5.#4)/.3
!LLINPUTPINSHAVEALOGICTHRESHOLDCOMPATIBLEWITH44,INPUT
LEVELSANDCANTHEREFOREBEUSEDINSYSTEMSWITH���6LOGIC�!LL
DIGITALOUTPUTLEVELSARECONTROLLEDBYTHE/$6$$PIN�WHICH
MAYRANGEFROM���6TO���6�FORCOMPATIBILITYWITHAWIDE
RANGEOFEXTERNALDEVICES��3EE0IN&UNCTION$ESCRIPTIONSTABLE�	

3$!4!��3$!4!��3$!4!��3ERIAL$ATA)NPUTS
/NEOFTHESETHREEINPUTSISSELECTEDBYANINTERNALMUX�SETBY
WRITINGTO"ITS�AND�IN#ONTROL2EGISTER��$EFAULTIS���WHICH
SELECTS3$!4!��4HESERIALFORMATISSELECTEDBYWRITINGTO"ITS�n�
OF#ONTROL2EGISTER��3EE30)2EAD�7RITE$ATA&ORMATSSECTION
FORRECOMMENDATIONSONHOWTOCHANGEINPUTSOURCESWITHOUT
CAUSINGACLICKORPOPNOISE�

,2#,+��,2#,+��,2#,+��,EFT�2IGHT#LOCKSFOR&RAMINGTHE
)NPUT$ATA
4HEACTIVE,2#,+INPUTISSELECTEDBYWRITINGTO"ITS�AND�
IN#ONTROL2EGISTER��4HEDEFAULTIS���WHICHSELECTS,2#,+��
4HEINTERPRETATIONOFTHE,2#,+CHANGESACCORDINGTOTHESERIAL
MODE�SETBYWRITINGTO#ONTROL2EGISTER��

"#,+��"#,+��"#,+��3ERIAL"IT#LOCKSFOR#LOCKINGINTHE
3ERIAL$ATA
4HEACTIVE"#,+INPUTISSELECTEDBYWRITINGTO"ITS�AND�IN
#ONTROL2EGISTER��$EFAULTIS���WHICHSELECTS"#,+��4HE
INTERPRETATIONOF"#,+CHANGESACCORDINGTOTHESERIALMODE�
WHICHISSETBYWRITINGTO#ONTROL2EGISTER��

,2#,+/54�"#,+/54�3$!4!/54�/UTPUTOF-UXTHAT
3ELECTS/NEOFTHE4HREE3ERIAL)NPUT'ROUPS
4HESEPINSMAYBEUSEDTOSENDTHESELECTEDSERIALINPUTSIGNALS
TOOTHEREXTERNALDEVICES�4HISOUTPUTPINISENABLEDBYWRITINGA
�TO"IT�OF#ONTROL2EGISTER��4HEDEFAULTMODEIS�OR/FF�

-#,+��-#,+��-#,+��-ASTER#LOCK)NPUTS
!CTIVEINPUTSELECTEDBYWRITINGTO"ITS�AND�OF#ONTROL2EGIS
TER��4HEDEFAULTIS���WHICHSELECTS-#,+��4HEMASTERCLOCK
FREQUENCYMUSTBEEITHER����F3FF OR����F3FF �WHEREF3FF ISTHEINPUT
SAMPLINGRATE�4HEMASTERCLOCKFREQUENCYISPROGRAMMEDBY
WRITINGTO"IT�OF#ONTROL2EGISTER��4HEDEFAULTIS������F3FF 	�
3EETHE)NITIALIZATIONSECTIONFORRECOMMENDATIONSCONCERNING
HOWTOCHANGECLOCKSOURCESWITHOUTCAUSINGANAUDIOCLICKORPOP�
.OTETHATSINCETHEDEFAULT-#,+SOURCEPINIS-#,+��THERE
MUSTBEACLOCKSIGNALPRESENTONTHISPINONPOWERUPSOTHAT
THE!$����CANCOMPLETEITSINITIALIZATIONROUTINE�

-#,+/54�-ASTER#LOCK/UTPUT
4HEMASTERCLOCKOUTPUTPINMAYBEPROGRAMMEDTOPRODUCE
EITHER����F3FF �����F3FF �ORACOPYOFTHESELECTED-#,+INPUT
PIN�4HISPINISPROGRAMMEDBYWRITINGTO"ITS�AND�OF#ONTROL
2EGISTER��4HEDEFAULTIS���WHICHDISABLESTHE-#,+/PIN�

#$!4!�3ERIAL$ATA)NFORTHE30)#ONTROL0ORT
3EE30)0ORTSECTIONFORMOREINFORMATIONON30)PORTTIMING�

#/54�3ERIAL$ATA/UTPUT
4HISISUSEDFORREADINGBACKREGISTERSANDMEMORYLOCATIONS�)T
ISTHREESTATEDWHENAN30)READISNOTACTIVE�3EE30)0ORTSECTION
FORMOREINFORMATIONON30)PORTTIMING�

##,+�30)"IT2ATE#LOCK++
4HISPINEITHERMAYRUNCONTINUOUSLYORBEGATEDOFFINBETWEEN
30)TRANSACTIONS�3EE30)0ORTSECTIONFORMOREINFORMATIONON
30)PORTTIMING�

#,!4#(�30),ATCH3IGNAL
)TMUSTGOLOWATTHEBEGINNINGOFAN30)TRANSACTIONANDHIGHATTHE
ENDOFATRANSACTION�%ACH30)TRANSACTIONMAYTAKEADIFFERENT
NUMBEROF##,+STOCOMPLETE�DEPENDINGONTHEADDRESSAND
READ�WRITEBITTHATARESENTATTHEBEGINNINGOFTHE30)TRANSACTION�
$ETAILED30)TIMINGINFORMATIONISGIVENIN30)0ORTSECTION�

2%3%4"�!CTIVE,OW2ESET3IGNAL
!FTER2%3%4"GOESHIGH�THE!$����GOESTHROUGHANINITIAL
IZATIONSEQUENCEWHERETHEPROGRAMANDPARAMETER2!-SARE
INITIALIZEDWITHTHECONTENTSOFTHEONBOARDBOOT2/-S�!LL
30)REGISTERSARESETTO��ANDTHEDATA2!-SAREALSOZEROED�4HE
INITIALIZATIONISCOMPLETEAFTER����-#,+CYCLES�3INCETHE
-#,+).&2%13%,%#4�"IT�IN#ONTROL2EGISTER�	DEFAULTS
TO���� F3FF ATPOWERUP�THISINITIALIZATIONWILLPROCEEDATTHE
EXTERNAL-#,+RATEANDWILLTAKE����-#,+CYCLESTOCOM
PLETE�REGARDLESSOFTHEABSOLUTEFREQUENCYOFTHEEXTERNAL-#,+�
.EWVALUESSHOULDNOTBEWRITTENTOTHE30)PORTUNTILTHEINITIAL
IZATIONISCOMPLETE�

:%2/&,!'�:ERO)NPUT)NDICATOR
4HISPINWILLGOHIGHIFBOTHSERIALINPUTSHAVEBEENINACTIVE�ZERO
DATA	FOR����,2#,+CYCLES�4HISPINMAYBEUSEDTODRIVEAN
EXTERNALMUTE&%4FORREDUCEDNOISEDURINGDIGITALSILENCE�4HIS
PINALSOFUNCTIONSASATESTOUTPIN�CONTROLLEDBYTHETESTREGISTER
AT30)!DDRESS����7HILEMOST4EST-ODESARENOTUSEFULTOTHE
ENDUSER�ONEMAYBEOFSOMEUSE�)FTHE4EST2EGISTERISPRO
GRAMMEDWITHTHENUMBER��DECIMAL	�THE:%2/&,!'OUTPUT
WILLBESWITCHEDTOTHEOUTPUTOFTHEINTERNALPSEUDORANDOMNOISE
GENERATOR�4HISNOISEGENERATOROPERATESATABITRATEOF����F3FF
ANDHASAREPEATTIMEOFONCEPER���CYCLES�4HISMODEMAYBE
USEDTOGENERATEWHITENOISE�OR�WITHAPPROPRIATElLTERING�PINK
NOISE	TOBEUSEDASATESTSIGNALFORMEASURINGSPEAKERSORROOM
ACOUSTICS�
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$#3/54�$ATA#APTURE3ERIAL/UT
4HISPINWILLOUTPUTTHE$30�SINTERNALSIGNALS�WHICHCANBEUSED
BYEXTERNAL$!#SOROTHERSIGNALPROCESSINGDEVICES�4HESIGNALS
THATARECAPTUREDANDOUTPUTONTHE$#3/54PINARECONTROLLED
BYWRITINGPROGRAMCOUNTERTRAPNUMBERSTO30)!DDRESSES���
�FORTHELEFTOUTPUT	AND����FORTHERIGHTOUTPUT	�7HENTHEINTER
NALPROGRAMCOUNTERCONTENTSAREEQUALTOTHETRAPVALUESWRITTEN
TOTHE30)PORT�THESELECTED$30REGISTERISTRANSFERREDTOTHE
$#3/54PARALLELTOSERIALREGISTERSANDSHIFTEDOUTONTHE
$#3/54PIN�4ABLE88SHOWSTHEPROGRAMCOUNTERTRAPVALUES
ANDREGISTERSELECTVALUESTHATSHOULDBEUSEDTOTAPVARIOUSINTER
NALPOINTSOFTHEALGORITHMmOW�

4HE$#3/54PINISMEANTTOBEUSEDINCONJUNCTIONWITHTHE
,2#,+AND"#,+SIGNALSTHATAREPROVIDEDTOTHESERIALINPUT
PORT�4HEFORMATOF$#3/54ISTHESAMEASTHEFORMATUSED
FORTHESERIALPORT�)NOTHERWORDS�IFTHESERIALPORTISRUNNINGIN
)�3MODE�THENTHE$#3/54PIN�TOGETHERWITHTHE,2#,+�
AND"#,+�PINS�ASSUMINGINPUT�ISSELECTED	�WILLFORMAVALID
�WIRE)�3OUTPUT�

4HE$#3/54PINCANBEUSEDFORAVARIETYOFPURPOSES�)FTHE
$#3/54PINISUSEDTODRIVEANOTHEREXTERNAL$!#�THENA
���SYSTEMISPOSSIBLEUSINGANEWPROGRAMDOWNLOADEDINTOTHE
PROGRAM2!-�

$%%-0�3$!4!?!58�$EEMPHASIS)NPUT0IN�!UXILIARY3ERIAL88
$ATA)NPUT
)NDEEMPHASISMODE�IFTHISPINISASSERTEDHIGH�THENADIGITAL
DEEMPHASISlLTERWILLBEINSERTEDINTOTHESIGNALmOW�4HE
DEEMPHASISCURVEISVALIDONLYFORASAMPLERATEOF����K(Z�
CURVESFOR��K(ZAND��K(ZMAYBEPROGRAMMEDUSINGTHE
30)PORT�4HISPINCANALSOBEUSEDASANAUXILIARY�CHANNELSERIAL
DATAINPUT�4HISFUNCTIONISSETBYWRITINGA�TO"IT��OF#ONTROL
2EGISTER��4HESAMECLOCKSAREUSEDFORTHISSERIALINPUTASARE
USEDFORTHE3$!4!��3$!4!��AND3$!4!�SIGNALS�4HISSERIAL
INPUTCANONLYBEUSEDINTHESIGNALPROCESSINGmOWWHENUSING
!NALOG$EVICES�CUSTOMPROGRAMMINGTOOLS�SEETHE'RAPHICAL
#USTOM0ROGRAMMING4OOLSSECTION�4HEUSEOFDEEMPHASISIS
STILLAVAILABLEWHILETHISPINISUSEDASASERIALINPUTBUTONLY
THROUGH30)CONTROL�

-54%�-UTE/UTPUT3IGNAL
7HENTHISPINISASSERTEDHIGH�ARAMPSEQUENCEISSTARTED�WHICH
GRADUALLYREDUCESTHEVOLUMETOZERO�7HENDEASSERTED�THEVOLUME
RAMPSFROMZEROBACKTOTHEORIGINALVOLUMESETTING�4HERAMP
SPEEDISTIMEDSOTHATITTAKES��MSTOREACH�VOLUMEWHENSTARTING
FROMTHEDEFAULT�D"VOLUMESETTING�

6/54,��6/54,��,EFT#HANNEL$IFFERENTIAL!NALOG/UTPUTS
&ULLSCALEOUTPUTSCORRESPONDTO�6RMSONEACHOUTPUTPINOR
�6RMSDIFFERENTIAL�ASSUMINGA62%&INPUTVOLTAGEOF���6�

4HEFULLSCALESWINGSCALESDIRECTLYWITH62%&�4HESEOUTPUTSARE
CAPABLEOFDRIVINGALOADOF��K6�WITHAMAXIMUMPEAKCURRENT
OF�M!FROMEACHPIN�!NEXTERNALTHIRDORDERlLTERISRECOM
MENDEDFORlLTERINGOUTOFBANDNOISE�

6/542��6/542��2IGHT#HANNEL$IFFERENTIAL/UTPUTS
3EECHARACTERISTICSFORLEFTCHANNEL6/54,��6/54,n�

6/543��6/543��3UBCHANNEL$IFFERENTIAL/UTPUTS
4HESEOUTPUTSAREDESIGNEDTODRIVELOADSOF��K6ORGREATER�
WITHAPEAKCURRENTCAPABILITYOF���«!�4HISOUTPUTDOESNOT
USEDIGITALINTERPOLATION�SINCEITISINTENDEDFORLOWFREQUENCY
APPLICATIONS�!NEXTERNALTHIRDORDERlLTERWITHACUTOFFFREQUENCY
��K(ZISRECOMMENDED�

62%&�!NALOG2EFERENCE6OLTAGE)NPUT
4HENOMINAL62%&INPUTVOLTAGEIS���6�THEANALOGGAINSCALES
DIRECTLYWITHTHEVOLTAGEONTHISPIN�7HENUSINGTHE!$����TO
DRIVEAPOWERAMPLIlER�ITISRECOMMENDEDTHATTHE62%&VOLTAGE
BEDERIVEDBYDIVIDINGDOWNANDHEAVILYlLTERINGTHESUPPLYTOTHE
POWERAMPLIlER�4HISPROVIDESABENElTIFTHECOMPRESSOR�LIMITER
INTHE!$����ISUSEDTOPREVENTAMPLIlERCLIPPING�)NTHISCASE�IF
THE$!#OUTPUTVOLTAGEISSCALEDTOTHEAMPLIlERPOWERSUPPLY�A
lXEDCOMPRESSORTHRESHOLDCANBEUSEDTOPROTECTANAMPLIlER
WHOSESUPPLYMAYVARYOVERAWIDERANGE�!NYACSIGNALONTHIS
PINWILLCAUSEDISTORTION�ANDTHEREFORE�ALARGEDECOUPLINGCAPACI
TORMAYBENECESSARYTOENSURETHATTHEVOLTAGEON62%&ISCLEAN�
4HEINPUTIMPEDANCEOF62%&ISGREATERTHAN�-6�

&),4#!0�&ILTER#APACITOR0OINT
4HISPINISUSEDTOREDUCETHENOISEONANINTERNALBIASINGPOINT
INORDERTOPROVIDETHEHIGHESTPERFORMANCE�)TMAYNOTBENECES
SARYTOCONNECTTHISPIN�DEPENDINGONTHEQUALITYOFTHELAYOUT
ANDTHEGROUNDINGUSEDINTHEAPPLICATIONCIRCUIT�

$6$$�$IGITAL6$$FOR#ORE
�6NOMINAL�

/$6$$�$IGITAL6$$FOR!LL$IGITAL/UTPUTS
6ARIABLEFROM���6TO���6�

$'.$��	�$IGITAL'ROUND

!6$$��	�!NALOG6$$
�6NOMINAL�&ORBESTRESULTS�USEASEPARATEREGULATORFOR!6$$�
"YPASSCAPACITORSSHOULDBEPLACEDCLOSETOTHEPINSANDCONNECTED
DIRECTLYTOTHEANALOGGROUNDPLANE�

!'.$��	�!NALOG'ROUND
&ORBESTPERFORMANCE�SEPARATENONOVERLAPPINGANALOGANDDIGITAL
GROUNDPLANESSHOULDBEUSED�
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3IGNAL0ROCESSING/VERVIEW
&IGURE�SHOWSTHESIGNALPROCESSINGmOWDIAGRAMOFTHE!$�����
4HE!$����ISDESIGNEDTOPROVIDEALLTHESIGNALPROCESSING
FUNCTIONSCOMMONLYUSEDIN���OR���PLAYBACKSYSTEMS�!SEVEN
BIQUADEQUALIZEROPERATESONTHESTEREOINPUTSIGNAL�4HEOUTPUTOF
THISEQUALIZERISFEDTOATWOBIQUADCROSSOVERlLTERFORTHEMAIN
CHANNELS�ANDTHEMONOSUMOFTHELEFTANDRIGHTEQUALIZEROUTPUTS
ISFEDTOATHREEBIQUADCROSSOVERlLTERFORTHESUBCHANNEL�%ACH
OFTHETHREECHANNELSHASINDEPENDENTDELAYCOMPENSATION�4HERE
ARETWOHIGHQUALITYCOMPRESSOR�LIMITERSAVAILABLE�ONEOPERATING
ONTHELEFT�RIGHTOUTPUTSANDONEOPERATINGONTHESUBWOOFERCHAN
NEL�4HESUBWOOFEROUTPUTMAYBEBLENDEDBACKINTOTHELEFT�RIGHT
OUTPUTSFOR���PLAYBACKSYSTEMS�)NTHISCONlGURATION�THETWO
INDEPENDENTCOMPRESSOR�LIMITERSPROVIDETWOBANDCOMPRESSION�
WHICHSIGNIlCANTLYIMPROVESTHESOUNDQUALITYOFCOMPRESSED
AUDIO�)NADDITION�THEMAINCHANNELSHAVEASTEREOWIDENING
ALGORITHMTHATINCREASESTHEPERCEIVEDSPREADOFTHESTEREOIMAGE�

-OSTOFTHESIGNALPROCESSINGFUNCTIONSARECODEDUSINGFULL��BIT
DOUBLEPRECISIONARITHMETIC�4HEINPUTWORDLENGTHIS��BITS�WITH
TWOEXTRAHEADROOMBITSADDEDINTHEPROCESSORTOALLOWINTERNAL
GAINSUPTO��D"WITHOUTCLIPPING�ADDITIONALGAINSCANBE
ACCOMMODATEDBYSCALINGDOWNTHEINPUTSIGNALINTHElRSTBIQUAD
lLTERSECTION	�

!GRAPHICALUSERINTERFACE�'5)	ISAVAILABLEFOREVALUATIONOF
THE!$�����&IGURE�	�4HIS'5)CONTROLSALLOFTHEFUNCTIONSOF
THECHIPINAVERYSTRAIGHTFORWARDANDUSERFRIENDLYINTERFACE�.O
CODENEEDSTOBEWRITTENTOUSETHE'5)TOCONTROLTHECHIP�&OR



%ACHSECTIONOFTHISmOWDIAGRAMWILLBEEXPLAINEDINDETAILON
THEFOLLOWINGPAGES�

.UMERIC&ORMATS
)TISCOMMONIN$30SYSTEMSTOUSEASTANDARDIZEDMETHODOF
SPECIFYINGNUMERICFORMATS�4OBETTERCOMPREHENDISSUESRELATINGTO
PRECISIONANDOVERmOW�ITISHELPFULTOTHINKINTERMSOFFRACTIONAL
TWOSCOMPLEMENTNUMBERSYSTEMS�&RACTIONALNUMBERSYSTEMS
ARESPECIlEDBYAN!�"FORMAT�WHERE!ISTHENUMBEROFBITSTO
THELEFTOFTHEDECIMALPOINT�AND"ISTHENUMBEROFBITSTOTHE
RIGHTOFTHEDECIMALPOINT�)NATWOSCOMPLEMENTSYSTEM�THEREIS
ALSOANIMPLIEDOFFSETOFONEHALFOFTHEBINARYRANGE�FOREXAMPLE�
INATWOSCOMPLEMENT����SYSTEM�THELEGALSIGNALRANGEIS
n���TO�����n�,3"	�

4HE!$����USESTWODIFFERENTNUMERICFORMATS�ONEFORTHE
COEFlCIENTVALUES�STOREDINTHEPARAMETER2!-	ANDONEFORTHE
SIGNALDATAVALUES�4HECOEFlCIENTFORMATISASFOLLOWS�

#OEFlCIENT&ORMAT
#OEFlCIENT&ORMAT�����
2ANGE�n���TO�����n�,3"	
%XAMPLES�
�����������������������n���
�����������������������n���
�������������������������,3"BELOW���	
��������������������������
��������������������������
���������������������������n�,3"	

4HISFORMATISUSEDBECAUSESTANDARDBIQUADlLTERSREQUIRE
COEFlCIENTSTHATRANGEBETWEEN����ANDn����)TALSOALLOWSGAIN
TOBEINSERTEDATVARIOUSPLACESINTHESIGNALPATH�

)NTERNAL$303IGNAL$ATA&ORMAT
)NPUT$ATA&ORMAT�����
4HISISSIGNEXTENDEDWHENWRITTENTOTHEDATAMEMORYOFTHE
!$�����
)NTERNAL$303IGNAL$ATA&ORMAT�����
2ANGE�n���TO�����n�,3"	
%XAMPLES�
���������������������������n���
���������������������������n���
���������������������������n���
�����������������������������,3"BELOW���	
������������������������������
������������������������������
������������������������������
�������������������������������n�,3"	�

4HESIGNEXTENSIONBETWEENTHESERIALPORTANDTHE$30CORE
ALLOWSFORUPTO��D"OFGAININTHESIGNALPATHWITHOUTINTERNAL
CLIPPING�'AINSGREATERTHAN��D"CANBEACCOMMODATEDBY
SCALINGTHEINPUTDOWNINTHElRSTBIQUADlLTERANDSCALINGTHE
SIGNALBACKUPATTHEENDOFTHEBIQUADlLTERSECTION�

!DIGITALCLIPPERCIRCUITISUSEDBETWEENTHEOUTPUTOFTHE$30
COREANDTHEINPUTTOTHE$!#3$MODULATORSTOPREVENTOVER
LOADINGTHE$!#CIRCUITRY�SEE&IGURE�	�.OTETHATTHEREISAGAIN
FACTOROF����USEDINTHE$!#INTERPOLATIONlLTERS�ANDTHEREFORE
SIGNALVALUESOFUPTO������WILLPASSTHROUGHTHE$30WITHOUT
CLIPPING�3INCETHE$!#ISDESIGNEDTOPRODUCEANANALOGOUTPUT
OF�6RMS�DIFFERENTIAL	WITHA�D"DIGITALINPUT�SIGNALSBETWEEN
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�D"AND�������APPROXIMATELY�D"	WILLPRODUCELARGERANALOG
OUTPUTSANDRESULTINSLIGHTLYDEGRADEDANALOGPERFORMANCE�4HIS
EXTRAANALOGRANGEISNECESSARYINORDERTOPASS�D"&3SQUARE
WAVESTHROUGHTHESYSTEM�SINCETHESESQUAREWAVESCAUSEOVER
SHOOTSINTHEINTERPOLATIONlLTERS�WHICHWOULDOTHERWISEBRIEmY
CLIPTHEDIGITAL$!#CIRCUITRY�

!SEPARATEDIGITALCLIPPERCIRCUITISUSEDINTHE$30CORETOENSURE
THATANYACCUMULATORVALUESTHATEXCEEDTHENUMERIC����FORMAT
RANGEARECLIPPEDWHENTAKENFROMTHEACCUMULATOR�

(IGH0ASS&ILTER
4HEHIGHPASSlLTERISAlRSTORDERDOUBLEPRECISIONDESIGN�4HEPUR
POSEOFTHEHIGHPASSlLTERISTOREMOVEDIGITALDCFROMTHEINPUT�)F
THISDCWEREALLOWEDTOPASS�THEDETECTORSUSEDINTHECOMPRESSOR�
LIMITERWOULDGIVEANINCORRECTREADINGFORLOWSIGNALLEVELS�4HE
HIGHPASSlLTERISCONTROLLEDBYASINGLEPARAMETER�ALPHA?(0&	�
WHICHISPROGRAMMEDBYWRITINGTO30)LOCATION���IN����TWOS
COMPLEMENTFORMAT�4HEFOLLOWINGEQUATIONCANBEUSEDTOCALCU
LATETHEPARAMETERALPHA?(0&FROMTHEn�D"POINTOFTHElLTER�

!LPHA?(0& n %80
P (0&?#UTOFF

F3
���

n���

WHERE%80ISTHEEXPONENTIALOPERATOR�0 (0&?CUTOFFISTHEHIGHF
PASSCUTOFFIN(Z�ANDF3FF ISTHEAUDIOSAMPLINGRATE�4HEDEFAULT3

VALUEFORTHEn�D"CUTOFFOFTHEHIGHPASSlLTERIS����(ZATA
SAMPLINGRATEOF����K(Z�

"IQUAD&ILTERS
%ACHOFTHETWOINPUTCHANNELSHASSEVENSECONDORDERBIQUAD
SECTIONSINTHESIGNALPATH�)NADDITION�THELEFTANDRIGHTCHANNELS
HAVETWOADDITIONALBIQUADlLTERSTHATMAYBEUSEDEITHERAS
CROSSOVERlLTERSORASADDITIONALEQUALIZATIONlLTERS�4HESUBCHAN
NELHASTHREEADDITIONALBIQUADlLTERSTHATAREALSOTOBEUSED
ASEQUALIZATIONAND�ORCROSSOVERlLTERS�)NATYPICALSCENARIO�THE
lRSTSEVENBIQUADSWOULDBEUSEDFORSPEAKEREQUALIZATIONAND�OR
TONECONTROLS�ANDTHEREMAININGlLTERSWOULDBEPROGRAMMEDTO
FUNCTIONASCROSSOVERlLTERS�.OTETHATTHEREISACOMMONEQUAL
IZATIONSECTIONUSEDFORBOTHTHEMAINANDSUBCHANNELS�FOLLOWED
BYTHECROSSOVERlLTERS�4HISARRANGEMENTPREVENTSANYINTERACTION
FROMOCCURRINGBETWEENTHECROSSOVERlLTERSANDTHEEQUALIZATION
lLTERS�/NESECTIONOFTHEBIQUAD))2lLTERISSHOWNIN&IGURE��

&IGURE�� 'RAPHICAL5SER)NTERFACE

3)'.!,02/#%33).'
�����&/2-!4	

3%2)!,0/24
$!#).4%20/,!4)/.
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-/$5,!4/23
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#,)00%2
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&IGURE��"IQUAD&ILTER

4HISSECTIONIMPLEMENTSTHETRANSFERFUNCTION�
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4HECOEFlCIENTSA��A��B��B��ANDB�AREALLINTWOSCOMPLE
MENT����FORMATWITHARANGEFROMn�TO���MINUS�,3"	�
4HENEGATIVESIGNONTHEA�ANDA�COEFlCIENTSISTHERESULTOF
ADDINGBOTHTHEFEEDFORWARDBTERMSASWELLASTHEFEEDBACKA
TERMS�3OMEDIGITALlLTERPACKAGESAUTOMATICALLYPRODUCETHE
CORRECTA�ANDA�COEFlCIENTSFORTHETOPOLOGYOF&IGURE��WHILE
OTHERSASSUMEADENOMINATOROFTHEFORM��A��:n��A�
�:n��)NTHISCASE�ITMAYBENECESSARYTOINVERTTHEA�ANDA�
TERMSFORPROPEROPERATION�

4HEBIQUADSTRUCTURESHOWNIN&IGURE�ISCODEDUSINGDOUBLE
PRECISIONMATHTOAVOIDLIMITCYCLESFROMOCCURRINGWHENLOW
FREQUENCYlLTERSAREUSED�4HECOEFlCIENTSAREPROGRAMMED
BYWRITINGTOTHEAPPROPRIATELOCATIONINTHEPARAMETER2!-�
THROUGHTHE30)PORT�SEE4ABLE6)	�4HEREARETWOPOSSIBLESCE
NARIOSFORCONTROLLINGTHEBIQUADlLTERS�

�� $YNAMIC!DJUSTMENT�E�G��"ASS�4REBLE#ONTROLOR0ARAMETRIC
%QUALIZER	�
7HENUSINGDYNAMIClLTERADJUSTMENT�ITISHIGHLYRECOM
MENDEDTHATTHEUSEREMPLOYTHESAFELOADMECHANISMTOAVOID
TEMPORARYINSTABILITYWHENTHElLTERSAREDYNAMICALLYUPDATED�
4HISCOULDOCCURIFSOME�BUTNOTALL�OFTHECOEFlCIENTSWERE
UPDATEDTONEWVALUESWHENTHE$30CALCULATESTHElLTER
OUTPUT�4HEOPERATIONOFTHESAFELOADREGISTERSISDETAILEDIN
THE/PTIONSFOR0ARAMETER5PDATESSECTION�

�� 3ETTING3TATIC%1#URVEAFTER0OWER5P�
)FMANYOFTHEBIQUADlLTERSNEEDTOBEINITIALIZEDAFTERPOWER
UP�E�G��TOIMPLEMENTASTATICSPEAKERCORRECTIONCURVE	�THE
RECOMMENDEDPROCEDUREISTOSETTHEPROCESSORSHUTDOWNBIT�
WAITFORTHEVOLUMETORAMPDOWN�ABOUT��MS	�ANDTHEN
WRITEDIRECTLYTOTHEPARAMETER2!-INBURSTMODE�!FTERTHE
2!-ISLOADED�THESHUTDOWNBITCANBEDEASSERTED�CAUSING
THEVOLUMETORAMPBACKUPTOTHEINITIALVALUE�4HISENTIREPROCE
DUREISCLICKFREEANDFASTERTHANUSINGTHESAFELOADMECHANISM�

4HEDATAPATHSOFTHE!$����CONTAINANEXTRATWOBITSONTOPOF
THE��BITSTHATAREINPUTTOTHESERIALPORT�4HISALLOWSUPTO��D"
OFBOOSTWITHOUTCLIPPING�(OWEVER�ITISIMPORTANTTOREMEMBER
THATITISPOSSIBLETODESIGNAlLTERTHATHASLESSTHAN��D"OFGAIN
ATTHElNALlLTEROUTPUT�BUTMORETHAN��D"OFGAINATTHEOUTPUT
OFONEORMOREINTERMEDIATEBIQUADlLTERSECTIONS�&ORTHISREASON�
ITISIMPORTANTTOCASCADETHElLTERSECTIONSINTHECORRECTORDER�
PUTTINGTHESECTIONSWITHTHELARGESTPEAKGAINSATTHEENDOFTHE
CHAINRATHERTHANATTHEBEGINNING�4HISISSTANDARDPRACTICEWHEN
CODING))2lLTERSANDISCOVEREDINBASICBOOKSON$30CODING�

)FGAINSLARGERTHAN��D"CANNOTBEAVOIDED�THENTHECOEFlCIENTS
B�THROUGHB�OFTHElRSTBIQUADSECTIONMAYBESCALEDDOWN

TOlTTHESIGNALINTOTHE��D"MAXIMUMSIGNALRANGEANDTHEN
SCALEDBACKUPATTHEENDOFTHElLTERCHAIN�

6OLUME
4HREESEPARATE30)REGISTERSAREUSEDTOCONTROLTHEVOLUME�ONE
EACHFORTHELEFT�RIGHT�ANDSUBCHANNELS�4HESEREGISTERSARE
SPECIALINTHATTHEYINCLUDEAUTOMATICDIGITALRAMPCIRCUITRYFOR
CLICKLESSVOLUMEADJUSTMENT�4HEVOLUMECONTROLWORDISIN����
FORMATANDTHEREFOREGAINSFROM����TOn���AREPOSSIBLE�4HE
DEFAULTVALUEIS����)TTAKES����AUDIOFRAMESTOADJUSTTHEVOL
UMEFROM���DOWNTO��INTHENORMALCASEWHERETHEMAXIMUM
VOLUMEISSETTO����ITWILLTAKE���AUDIOFRAMESFORTHISRAMPTO
REACHZERO�.OTETHATAMUTECOMMANDISTHESAMEASSETTINGTHE
VOLUMETOZERO�EXCEPTTHATWHENTHEPARTISUNMUTED�THEVOL
UMERETURNSTOITSORIGINALVALUE�

4HESEVOLUMERAMPTIMESASSUMETHATTHE!$����ISSETFOR
THEFASTVOLUMERAMPSPEED�)FTHESLOWSETTINGISSELECTED�ITWILL
TAKE����AUDIOFRAMESTOREACHZEROFROMASETTINGOF����#OR
RESPONDINGLY�ITWILLTAKE����FRAMESTOREACH�VOLUMEFROMTHE
NORMALSETTINGOF����

4HEVOLUMEBLOCKSAREPLACEDAFTERTHEBIQUADlLTERSECTIONSTO
MAXIMIZETHELEVELOFTHESIGNALTHATISPASSEDTHROUGHTHElLTER
SECTIONS�)NATYPICALSITUATION�THENOMINALVOLUMESETTINGMIGHT
BEn��D"�ALLOWINGASUBSTANTIALINCREASEINVOLUMEWHENTHEUSER
INCREASESTHEVOLUME�4HE!$����WASDESIGNEDWITHANANALOG
DYNAMICRANGEOF����D"�SOTHATINTHETYPICALSITUATIONWITH
THEVOLUMESETTOn��D"�THESIGNALTONOISERATIOATTHEOUTPUT
WILLSTILLEXCEED��D"�'REATEROUTPUTDYNAMICRANGESAREPOS
SIBLEIFTHECOMPRESSOR�LIMITERISUSED�SINCETHEPOSTCOMPRESSION
GAINPARAMETERCANBOOSTTHESIGNALBACKUPTOAHIGHERLEVEL�)N
THISCASE�THECOMPRESSORWILLPREVENTTHEOUTPUTFROMCLIPPING
WHENTHEVOLUMEISTURNEDUPANDTHEINPUTSIGNALISLARGE�

3TEREO)MAGE%XPANDER
4HEIMAGEENHANCEMENTPROCESSINGISBASEDON!$)�SPATENTED
0HAT3TEREOALGORITHM�4HEBLOCKDIAGRAMISSHOWNIN&IGURE��

�K(Z
&)234/2$%2,0&

,%6%,

,%&4).

2)'(4).

,%&4/54

2)'(4/54

�

�

n

n

n

&IGURE��3TEREO)MAGE%XPANDER

4HEALGORITHMWORKSBYINCREASINGTHEPHASESHIFTFORLOWFREQUENCY
SIGNALSTHATAREPANNEDLEFTORRIGHTINTHESTEREOMIX�3INCETHEEAR
ISRESPONSIVETOINTERAURALPHASESHIFTSBELOW�K(Z�THISINCREASEIN
PHASESHIFTSRESULTSINAWIDENINGOFTHESTEREOIMAGE�.OTETHAT
SIGNALSPANNEDTOTHECENTERARENOTPROCESSED�RESULTINGINAMORE
NATURALSOUND�4HEREARETWOPARAMETERSTHATCONTROLTHE0HAT
3TEREOALGORITHM�THELEVELVARIABLE�WHICHCONTROLSHOWMUCHOUT
OFPHASEINFORMATIONISADDEDTOTHELEFTANDRIGHTCHANNELS�AND
THECUTOFFFREQUENCYOFTHElRSTORDERLOWPASSlLTER�WHICHDETER
MINESTHEFREQUENCYRANGEOFTHEADDEDOUTOFPHASESIGNALS�&OR
BESTRESULTS�THECUTOFFFREQUENCYSHOULDBEINTHERANGEOF���(Z
TO�K(Z�4HESEPARAMETERSARECONTROLLEDBYALTERINGTHEPARAM
ETER2!-LOCATIONSTHATSTORETHEPARAMETERSSPREAD?LEVELAND
ALPHA?SPREAD�4HESPREAD?LEVELISALINEARNUMBERIN����FORMAT
THATMULTIPLIESTHEPROCESSEDLEFTRIGHTSIGNALBEFOREITISADDEDTOOR
SUBTRACTEDFROMTHEMAINCHANNELS�4HEPARAMETERALPHA?SPREAD
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ISRELATEDTOTHECUTOFFFREQUENCYOFTHElRSTORDERLOWPASSlLTER
BYTHEEQUATION�

!LPHA?3PREAD n %80
P 3PREAD?&REQ

F3
���

n���

WHERE%80ISTHEEXPONENTIALOPERATOR�0 3PREAD?&REQISTHELOWPASSQ
CUTOFFIN(Z�ANDF3FF ISTHEAUDIOSAMPLINGRATE�3

.OTETHATTHESTEREOSPREADINGALGORITHMASSUMESTHATFREQUENCIES
BELOW�K(ZAREPRESENTINTHEMAINSATELLITESPEAKERS�)NSOME
SYSTEMS�THECROSSOVERFREQUENCYBETWEENTHESATELLITEANDSUB
WOOFERSPEAKERSISQUITEHIGH�����(Z	�)NSUCHACASE�THESTEREO
SPREADINGALGORITHMWILLNOTBEEFFECTIVE�SINCETHEFREQUENCIES
THATCONTRIBUTETOTHESPREADINGEFFECTWILLCOMEMOSTLYFROMTHE
SUBWOOFER�WHICHISAMONOSOURCE�

$ELAY
%ACHOFTHETHREE$!#CHANNELSHASADELAYBLOCKTHATALLOWSTHE
USERTOINTRODUCEADELAYOFUPTO���AUDIOSAMPLES�4HEDELAY
VALUESAREPROGRAMMEDBYENTERINGTHEDELAY�INSAMPLES	INTO
THEAPPROPRIATELOCATIONOFTHEPARAMETER2!-�7ITHA����K(Z
SAMPLERATE�ADELAYOF���SAMPLESCORRESPONDSTOATIMEDELAY
OF����MS�3INCESOUNDTRAVELSATAPPROXIMATELY�FOOT�MS�THIS
CANBEUSEDTOCOMPENSATEFORSPEAKERPLACEMENTSTHATAREOFFBY
ASMUCHAS����FEET�

!NADDITIONAL���SAMPLESOFDELAYAREUSEDINTHELOOKAHEAD
PORTIONOFTHECOMPRESSOR�LIMITERBUTONLYFORTHEMAINTWOCHAN
NELS�4HISCANBEUSEDTOINCREASETHETOTALDELAYFORTHELEFTAND
RIGHTCHANNELSTO���SAMPLESOR�MSAT����K(Z�

-AIN#OMPRESSOR�,IMITER
4HECOMPRESSORUSEDINTHE!$����ISQUITESOPHISTICATEDANDIS
COMPARABLEINMANYWAYSTOTHEPROFESSIONALCOMPRESSOR�LIMITERS
USEDINTHEPROFESSIONALAUDIOANDBROADCASTlELDS�)TUSESRMS�
PEAKDETECTIONWITHADJUSTABLEATTACK�HOLD�RELEASE�LOOKAHEAD
COMPRESSION�ANDTABLEBASEDENTRYOFTHEINPUT�OUTPUTCURVEFOR
COMPLETEmEXIBILITY�

4HE!$����USESTWOCOMPRESSOR�LIMITERS�ONEINTHESUBWOOFER
$!#ANDONEINTHEMAINLEFT�RIGHT$!#�)TISWELLKNOWNTHAT
HAVINGINDEPENDENTCOMPRESSORSOPERATINGOVERDIFFERENTFRE
QUENCYRANGESRESULTSINASUPERIORPERCEIVEDSOUND�7ITHA
SINGLEBANDCOMPRESSOR�LOUDBASSINFORMATIONWILLMODULATETHE
GAINOFTHEENTIREAUDIOSIGNAL�RESULTINGINSUBOPTIMALMAXIMUM
PERCEIVEDLOUDNESSASWELLASGAINPUMPINGORMODULATIONEFFECTS�
7ITHINDEPENDENTCOMPRESSORSOPERATINGSEPARATELYONTHELOW
ANDHIGHFREQUENCIES�THISPROBLEMISDRAMATICALLYREDUCED�)FTHE
!$����ISBEINGOPERATEDINTWOCHANNELMODE�ANEXTRAPATHIS
ADDEDSOTHATTHESUBWOOFERCHANNELCANBEADDEDBACKINTOTHE
MAINCHANNEL�4HISMAINTAINSTHEADVANTAGEOFUSINGATWOBAND
COMPRESSOR�EVENINA���SYSTEMCONlGURATION�

&IGURE�SHOWSTHETRADITIONALBASICANALOGCOMPRESSOR�LIMITER�
)TUSESAVOLTAGECONTROLLEDAMPLIlERTOADJUSTGAINANDAFEED
FORWARDDETECTORPATHUSINGANRMSDETECTORWITHADJUSTABLETIME
CONSTANTS�FOLLOWEDBYANONLINEARCIRCUIT�TOIMPLEMENTTHE
DESIREDINPUT�OUTPUTRELATIONSHIP�!SIMPLECOMPRESSORWILLHAVE
ASINGLETHRESHOLDABOVEWHICHTHEGAINISREDUCED�4HEAMOUNTOF
COMPRESSIONABOVETHETHRESHOLDISCALLEDTHECOMPRESSIONRATIO
ANDISDElNEDASD"CHANGEININPUT�D"CHANGEINOUTPUT�&OR
EXAMPLE�IFTHEINPUTTOA���COMPRESSORISINCREASEDBY�D"�
THEOUTPUTWILLRISEBY�D"FORSIGNALSABOVETHETHRESHOLD�

!SINGLEHARDTHRESHOLDRESULTSINMOREAUDIBLEBEHAVIORTHANA
SOCALLEDSOFTKNEECOMPRESSOR�WHERETHECOMPRESSIONISIN
TRODUCEDMOREGRADUALLY�)NANANALOGCOMPRESSOR�THESOFTKNEE
CHARACTERISTICISUSUALLYMADEBYUSINGDIODESINTHEIREXPONENTIAL
TURNONREGION�

&),4%2 2-3$%4%#4/2
7)4($"/54

#/-02%33)/.
#526%

./.,).%!2
#)2#5)43

6#!7)4(%80
#/.42/,

4(2%3(/,$ 3,/0%

/54

&IGURE�� !NALOG#OMPRESSOR

4HEBESTANALOGCOMPRESSORSUSERMSDETECTIONASTHESIGNAL
AMPLITUDEDETECTOR�4HEONLYCLASSOFDETECTORSTHATISNOTSENSI
TIVETOTHEPHASEOFTHEHARMONICSINACOMPLEXSIGNALARERMS
DETECTORS�4HEEARALSOBASESITSLOUDNESSJUDGMENTONTHEOVERALL
SIGNALPOWERANDTHEREFOREUSINGANRMSDETECTORRESULTSINTHE
BESTAUDIBLEPERFORMANCE�#OMPRESSORSTHATAREBASEDONPEAK
DETECTION�WHILEGOODFORPREVENTINGCLIPPING�AREGENERALLYQUITE
POORFORAUDIBLEPERFORMANCE�

2-3DETECTORSHAVEACERTAINTIMECONSTANTTHATDETERMINESHOW
RAPIDLYTHEYCANRESPONDTOTRANSIENTSIGNALS�4HEREISALWAYSA
TRADEOFFBETWEENSPEEDOFRESPONSEANDDISTORTION�&IGURE�
SHOWSTHISTRADEOFF�

).0547!6%&/2-

#/-02%33/2%.6%,/0%�
&!344)-%#/.34!.4

#/-02%33/2%.6%,/0%�
3,/74)-%#/.34!.4

)NTHECASEOFAFASTRESPONDINGRMSDETECTOR�THEDETECTORENVELOPE
WILLHAVEASIGNALCOMPONENTINADDITIONTOTHEDESIREDDCCOM
PONENT�4HISSIGNALCOMPONENT�WHICH�FORANRMSDETECTOR�IS
ATTWICETHEINPUTFREQUENCY	WILLRESULTINHARMONICDISTORTION
WHENMULTIPLIEDBYTHISDETECTORSIGNAL�

4HE!$����USESAMODIlEDRMSALGORITHMTOIMPROVETHERELATION
SHIPBETWEENACQUISITIONTIMEANDDISTORTION�)TUSESAPEAKRIDING
CIRCUITTOGETHERWITHAHOLDCIRCUITTOMODIFYTHERMSSIGNAL�AS
SHOWNIN&IGURE��4HISlGURESHOWSTWOENVELOPES�/NEHASTHE
HARMONICDISTORTION�ASSEENINTHEPREVIOUSlGURE�ANDTHEOTHER�
mATTERENVELOPEISTHEONEPRODUCEDBYTHE!$�����
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(/,$4)-%�30)
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2%,%!3%4)-%�30)
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&IGURE��5SINGTHE(OLDAND2ELEASE4IME&EATURE

5SINGTHISIDEAOFAMODIlEDRMSALGORITHM�THETRUERMSVALUE
ISSTILLOBTAINEDFORALLBUTTHELOWESTFREQUENCYSIGNALS�WHILETHE
DISTORTIONDUETORMSRIPPLEISREDUCED�)TALSOALLOWSTHEUSERTO
SETTHEHOLDANDRELEASETIMESOFTHECOMPRESSORINDEPENDENTLY�

4HEDETECTORPATHOFTHE!$����ISSHOWNIN&IGURE���4HERMS
DETECTORISCONTROLLEDBYTHREEPARAMETERSSTOREDINTHEPARAMETER
2!-S�THERMSTIMECONSTANT�THEHOLDTIME�ANDTHERELEASERATE�
4HELOGOUTPUTOFTHERMSDETECTORISAPPLIEDTOALOOKUPTABLE
WITHINTERPOLATION�4HEHIGHERBITSOFTHERMSOUTPUTFORMAN
OFFSETINTOTHISTABLE�ANDTHELOWERBITSAREUSEDTOINTERPOLATE
BETWEENTHETABLEENTRIESTOFORMAHIGHPRECISIONGAINWORD�4HE
LOOKUPTABLERESIDESINTHEPARAMETER2!-ANDISLOADEDBY
THEUSERTOGIVETHEDESIREDCURVE�4HELOOKUPTABLECONTAINS��
DATALOCATIONS�ANDTHE,3"OFTHEADDRESSINTOTHELOOKUPTABLE
CORRESPONDSTOA�D"CHANGEINTHEAMPLITUDEOFTHEDETECTOR
SIGNAL�4HISGIVESTHEUSERTHEABILITYTOPROGRAMANINPUT�OUTPUT
CURVEOVERA��D"RANGE�&ORTHEMAINCOMPRESSOR�THETABLE
RESIDESIN,OCATIONS���TO���INTHE30)PARAMETER2!-�

,//+504!",% ,).%!2
).4%20/,!4)/.

-/$)&)%$2-3
$%4%#4/27)4(

,/'/54054

/540544/
'!).34!'%

()'(")43��,3"��D"	

,/7")43

4)-%
#/.34!.4

(/,$ 2%,%!3%

&IGURE���'AIN$ERIVEDFROM)NTERPOLATED,OOK5P4ABLE

/NESUBTLETYOFTHELOOKUPTABLEINVOLVESTHEDIFFERENCEBETWEEN
THERMSVALUEOFASINEWAVEANDTHATOFASQUAREWAVE�)FAFULL
SCALESQUAREWAVEISAPPLIEDTOTHE!$�����THERMSVALUEOFTHIS
SIGNALWILLBE�D"HIGHERTHANTHERMSVALUEOFA�D"&3SINE
WAVE�4HEREFORE�THETABLERANGESFROM��D"�,OCATION���	TO
n��D"�,OCATION���	�

4HEENTRIESINTHETABLEARELINEARGAINWORDSIN����FORMAT�
&IGURE��SHOWSANEXAMPLEOFTHETABLEENTRIESFORASIMPLE
ABOVETHRESHOLDCOMPRESSOR�

).054,%6%,n�D"�4!",%%.429

/
5

4
0

5
4

,
%

6
%

,
n

D
"

).054,%6%,n�D"�4!",%%.429
,

).
%

!
2

'
!

).

$%3)2%$
#/-02%33)/.

#526%

&IGURE���%XAMPLEOF4ABLE%NTRYFORA'IVEN
#OMPRESSION#URVE

.OTETHATTHEMAXIMUMGAINTHATCANBEENTEREDINTHETABLEIS
����MINUS�,3"	�)FMOREGAINISREQUIRED�THEENTIRECOMPRES
SIONCURVEMAYBESHIFTEDUPWARDBYUSINGTHEPOSTCOMPRESSION
GAINBLOCKFOLLOWINGTHECOMPRESSOR�LIMITER�

4HE!$����COMPRESSOR�LIMITERALSOINCLUDESALOOKAHEADCOM
PRESSIONFEATURE�4HEIDEABEHINDLOOKAHEADCOMPRESSIONISTO
PREVENTCOMPRESSOROVERSHOOTSBYAPPLYINGSOMEDIGITALDELAYTO
THESIGNALBEFORETHEGAINCONTROLMULTIPLIERBUTNOTTOTHEDETEC
TORPATH�)NTHISWAY�THEDETECTORCANACQUIRETHENEWAMPLITUDE
OFTHEINPUTSIGNALBEFORETHESIGNALACTUALLYREACHESTHEMULTIPLIER�
!COMPARISONOFATONEBURSTFEDTOACONVENTIONALCOMPRESSOR
VERSUSALOOKAHEADCOMPRESSORISSHOWNIN&IGURE���

#/.6%.4)/.!,#/-02%33/2'!).

,//+!(%!$#/-02%33/2'!).

(/,$4)-%

&IGURE���#ONVENTIONAL#OMPRESSIONVS�,OOK!HEAD
#OMPRESSION
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)NTHELOOKAHEADCOMPRESSOR�THEGAINHASALREADYBEENREDUCED
BYTHETIMETHATTHETONEBURSTSIGNALARRIVESATTHEMULTIPLIERINPUT�
.OTETHATWHENUSINGALOOKAHEADCOMPRESSOR�ITISIMPORTANTTO
SETTHEDETECTORHOLDTIMETOAVALUETHATISATLEASTTHESAMEAS
THELOOKAHEADDELAYTIMEORTHECOMPRESSORRELEASEWILLSTARTTOO
SOON�RESULTINGINANEXPANDEDTAILOFATONEBURSTSIGNAL�4HE
COMPLETEmOWOFTHELEFT�RIGHTDYNAMICSPROCESSORISSHOWNIN
&IGURE���

,//+50
4!",% ,).%!2

).4%20/,!4)/.

-/$)&)%$2-3
$%4%#4/27)4(

,/'/54054

()'(")43��,3"��D"	

,/7")43

4)-%
#/.34!.4

(/,$ 2%,%!3%

$%,!9

$%,!9

30)02/'2!--!",%
,//+!(%!$$%,!9

0/34#/-02%33)/.
'!).�30)

02/'2!--!",%
504/��D"

�
�,�2	

&IGURE���#OMPLETE$YNAMICS&LOW�-AIN#HANNELS

4HEDETECTORPATHWORKSFROMTHESUMOFTHELEFTANDRIGHTCHANNELS
��,�2	��	�4HISISTHENORMALWAYTHATCOMPRESSORSAREBUILTAND
COUNTSONTHEFACTTHATTHEMAININSTRUMENTSINANYSTEREOMIXARE
SELDOMRECORDEDDELIBERATELYOUTOFPHASE�ESPECIALLYINTHELOWER
FREQUENCIESTHATTENDTODOMINATETHEENERGYSPECTRUMOFREALMUSIC�

4HECOMPRESSORISFOLLOWEDBYABLOCKKNOWNASPOSTCOMPRESSION
GAIN�-OSTCOMPRESSORSAREUSEDTOREDUCETHEDYNAMICRANGE
OFMUSICBYLOWERINGTHEGAINDURINGLOUDSIGNALPASSAGES�4HIS
RESULTSINANOVERALLLOSSOFVOLUME�4HISLOSSCANBEMADEUPBY
INTRODUCINGGAINAFTERTHECOMPRESSOR�)NTHE!$�����THECOEF
lCIENTFORMATUSEDIS�����WHICHHASAMAXIMUMmOATINGPOINT
REPRESENTATIONOFSLIGHTLYLESSTHAN����4HISMEANSTHATTHEMAXI
MUMGAINTHATCANBEACHIEVEDINASINGLEINSTRUCTIONIS�D"�4O
GETMOREGAIN�THEPROGRAMINTHE!$����USESACASCADEOFlVE
MULTIPLIERSTOACHIEVEUPTO��D"OFPOSTCOMPRESSIONGAIN�

4OPROGRAMTHECOMPRESSOR�LIMITER�THEFOLLOWINGFORMULASMAY
BEUSEDTODETERMINETHE��BITNUMBERS�IN����FORMAT	TOBE
ENTEREDINTOTHEPARAMETER2!-�

2-34IME#ONSTANT
4HISCANBEBESTEXPRESSEDBYENTERINGTHETIMECONSTANTINTERMS
OFD"�SECRAWRELEASERATE�WITHOUTTHEPEAKRIDINGCIRCUIT	�4HE
ATTACKRATEISARATHERCOMPLICATEDFORMULATHATDEPENDSONTHE
CHANGEINAMPLITUDEOFTHEINPUTSINEWAVE�

RMS?TCONST?PARAMETER n

?

��� ��
�

RELEASE RATE
F3�� �

WHERERMS?TCONST?PARAMETER�THEFRACTIONALNUMBERTOENTERINTOR
THE30)2!-�AFTERCONVERTINGTO��BIT����FORMAT	�ANDTHE
RELEASE?RATE�THERELEASERATEOFTHERAWRMSDETECTORIND"�SEC�
4HISMUSTBENEGATIVE�ANDF3FF �THEAUDIOSAMPLERATE�3

2-3(OLD4IME
RMS?HOLD?TIME?PARAMETER INT HOLD?TIMEF3

7HERERMS?HOLDTIME?PARAMETER�THEINTEGERNUMBERTOENTERINTOR
THE30)2!-�F3FF �THEAUDIOSAMPLERATE�3 HOLD?TIME�THEABSO
LUTETIMETOWAITBEFORESTARTINGTHERELEASERAMPDOWNOFTHE
DETECTOROUTPUT�ANDINT�	�THEINTEGERPARTOFTHEEXPRESSION�

2-32ELEASE2ATE

RMS?DECAY?PARAMETER INT RMS?DECAY ������

WHERERMS?DECAY?PARAMETER�THEDECIMALINTEGERNUMBERTOENTERR
INTOTHE30)2!-�RMS?DECAY�THEDECAYRATEIND"�SEC�AND
INT�	�THEINTEGERPARTOFTHEEXPRESSION�

,OOK!HEAD$ELAY

LOOKAHEAD?DELAY?PARAMETER LOOKAHEAD?DELAY F3

WHERELOOKAHEAD?DELAY�THEPREDICTIVECOMPRESSORDELAYIN
ABSOLUTETIME�F3FF �THEAUDIOSAMPLERATE�ANDTHEMAXIMUM3

LOOKAHEAD?DELAY?PARAMETERVALUEIS����R

0OSTCOMPRESSION'AIN

POST?COMPRESSION?GAIN?PARAMETER

POST?COMPRESSION?GAIN?LINEAR ���

WHEREPOST?COMPRESSION?GAIN?LINEARISTHELINEARPOSTCOMPRESSIONR
GAINAND>�THERAISETOTHEPOWER�

3UBWOOFER#OMPRESSOR�,IMITER
4HESUBWOOFERCOMPRESSOR�LIMITERDIFFERSFROMTHELEFT�RIGHT
COMPRESSORINTHEFOLLOWINGWAYS�

�� 4HESUBWOOFERCOMPRESSOROPERATESONAWEIGHTEDSUMOFTHE
LEFTANDRIGHTINPUTS�AA�,EFT�BB�2IGHT	�WHEREAAAND
BBAREBOTHPROGRAMMABLE�

�� 4HEDETECTORINPUTHASABIQUADlLTERINSERIESWITHTHEINPUT
INORDERTOIMPLEMENTFREQUENCYDEPENDENTCOMPRESSION
THRESHOLDS�

�� 4HEREISNOPREDICTIVECOMPRESSIONSINCEPRESUMABLYTHEINPUT
SIGNALSARElLTEREDTOPASSONLYLOWFREQUENCIESANDTHEREFORE
TRANSIENTOVERSHOOTSARENOTAPROBLEM�

4HESUBWOOFERCOMPRESSORSIGNALmOWISSHOWNIN&IGURE���

,//+50
4!",% ,).%!2

).4%20/,!4)/.

-/$)&)%$2-3
$%4%#4/27)4(

,/'/54054

()'(")43��,3"��D"	

,/7")43

4)-%
#/.34!.4

(/,$ 2%,%!3%

6).?35"�K� ,%&4?).�+� 2)'(4?).

0/34#/-02%33)/.
'!).�30)

02/'2!--!",%
504/��D"

")15!$
&),4%2

&IGURE���3IGNAL&LOWFOR3UBWOOFER#OMPRESSOR
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4HEBIQUADlLTERBEFORETHEDETECTORCANBEUSEDTOIMPLEMENTA
FREQUENCYDEPENDENTCOMPRESSIONTHRESHOLD�&OREXAMPLE�ASSUME
THATTHEOVERLOADPOINTOFTHEWOOFERISVERYFREQUENCYDEPEN
DENT�)NTHISCASE�ONEWOULDHAVETOSETTHECOMPRESSORTHRESHOLD
TOAVALUETHATCORRESPONDEDTOTHEMOSTSENSITIVEOVERLOADFRE
QUENCYOFTHEWOOFER�)FTHEINPUTSIGNALHAPPENEDTOBEMOSTLY
INAFREQUENCYRANGEWHERETHEWOOFERWASNOTSOSENSITIVETO
OVERLOAD�THENTHECOMPRESSORWOULDBETOOPESSIMISTICANDTHE
VOLUMEOFTHEWOOFERWOULDBEREDUCED�)F�ONTHEOTHERHAND�
THEBIQUADlLTERWEREDESIGNEDTOFOLLOWTHEWOOFEREXCURSION
CURVEOFTHESPEAKER�THENTHEVOLUMEOFTHEWOOFERCOULDBE
MAXIMIZEDUNDERALLCONDITIONS�4HISISILLUSTRATEDIN&IGURE���

��(Z ���(Z
&2%15%.#9
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&IGURE��� /PTIMIZING7OOFER,OUDNESS5SINGTHE
3UBWOOFERRMS"IQUAD&ILTER

7HENUSINGAlLTERINFRONTOFTHEDETECTOR�ACONFUSINGSIDEEFFECT
OCCURS�)FONEMEASURESTHEFREQUENCYRESPONSEBYUSINGASWEPT
SINEWAVEWITHANAMPLITUDELARGEENOUGHTOBEABOVETHECOM
PRESSORTHRESHOLD�THERESULTINGFREQUENCYRESPONSEWILLNOTLOOK
mAT�(OWEVER�THISISNOTREALINTHESENSETHAT�ASTHESINEWAVEIS
SWEPTTHROUGHTHESYSTEM�THEGAINISBEINGSLOWLYMODULATEDUP
ANDDOWNACCORDINGTOTHERESPONSEOFTHEBIQUADlLTERINFRONTOF
THEDETECTOR�)FONEMEASURESTHERESPONSEUSINGAPINKNOISEGEN
ERATOR�THERESULTWILLLOOKMUCHBETTER�SINCETHEDETECTORWILLSETTLE
ONONLYONEGAINVALUE�4HEPERCEPTUALEFFECTOFTHESWEPTSINEWAVE
TESTISNOTATALLWHATWOULDBEPREDICTEDBYSIMPLYLOOKINGATTHE
FREQUENCYRESPONSECURVE�ITISONLYTHESIGNALPATHlLTERSTHATWILL
AFFECTTHEPERCEPTIONOFTHEFREQUENCYRESPONSE�NOTTHEDETECTOR
PATHlLTERS�

$EEMPHASIS&ILTERING
4HESTANDARDFORENCODING#$SALLOWSTHEUSEOFAPREEMPHASIS
CURVEDURINGENCODING�WHICHMUSTBECOMPENSATEDFORBYA
DEEMPHASISCURVEDURINGPLAYBACK�4HEDEEMPHASISCURVE
ISDElNEDASAlRSTORDERSHELVINGlLTERWITHASINGLEPOLEAT
������ P ���«S		FOLLOWEDBYASINGLEZEROAT������ P ���«S		�
4HISCURVEMAYBEACCURATELYMODELEDUSINGAlRSTORDERDIGITAL
lLTER�4HISlLTERISINCLUDEDINTHE!$�����ITISNOTPARTOFTHE
BANKOFBIQUADlLTERSANDSODOESNOTTAKEAWAYFROMTHENUM
BEROFAVAILABLElLTERS�

3INCETHESPECIlCATIONOFTHEDEEMPHASISlLTERISBASEDONAN
ANALOGlLTER�THERESPONSEOFTHElLTERSHOULDNOTDEPENDONTHE

INCOMINGSAMPLINGRATE�(OWEVER�WHENTHEDEEMPHASISlLTERIS
IMPLEMENTEDDIGITALLY�THERESPONSEWILLSCALEWITHTHESAMPLING
RATEUNLESSTHElLTERCOEFlCIENTSAREALTEREDTOSUITEACHPOSSIBLE
INPUTSAMPLINGRATE�&ORTHISREASON�THE!$����INCLUDESTHREE
SEPARATEDEEMPHASISCURVES�ONEEACHFORSAMPLINGRATESOF
��K(Z�����K(Z�AND��K(Z�4HESECURVESARESELECTEDBY
WRITINGTO"ITS�AND�OF#ONTROL2EGISTER�OVERTHE30)PORT�
!LTERNATIVELY�THE����K(ZCURVECANBECALLEDUPONUSINGTHE
$%%-0�3$!4!?!58PIN�4HISPINISINCLUDEDFORCOMPATIBILITY
WITH#$DECODERCHIPSTHATHAVEADEEMPHASISOUTPUTPIN�

5SINGTHE3UB2EINJECTION0ATHSFOR3YSTEMSWITH.O3UBWOOFER
-ANYSYSTEMSWILLNOTUSEASUBWOOFERBUTWOULDSTILLBENElT
FROMTWOBANDCOMPRESSION�LIMITING�4HISCANBEACCOMMODATED
BYUSINGSUBREINJECTIONPATHSINTHEPROGRAMmOW�4HESEPARAM
ETERSAREPROGRAMMEDBYENTERINGTWONUMBERS�IN����FORMAT	
INTOTHEPARAMETER2!-�.OTETHATIFTHEBIQUADlLTERSARENOT
PROPERLYDESIGNED�THEFREQUENCYRESPONSEATTHECROSSOVERPOINT
MAYNOTBEmAT�-ANYCROSSOVERlLTERSAREDESIGNEDTOBEmATIN
THESENSEOFADDINGTHEPOWERSTOGETHER�BUTNONmATIFTHESUMIS
DONEINVOLTAGEMODE�4HEUSERMUSTTAKECARETODESIGNANAPPRO
PRIATESETOFCROSSOVERlLTERS�

)NTERPOLATION&ILTERS
4HELEFTANDRIGHTCHANNELSHAVEA�����INTERPOLATIONlLTERWITH
��D"STOPBANDATTENUATIONTHATPRECEDESTHEDIGITAL3$MODU
LATOR�4HISlLTERHASAGROUPDELAYOFAPPROXIMATELY��������F3FF
TAPS�WHEREF3FF ISTHESAMPLINGRATE�4HESUBCHANNELDOESNOTUSE
ANINTERPOLATIONlLTER�4HEREASONFORTHIS�BESIDESSAVINGVALUABLE
-)03	ISTHATITISEXPECTEDTHATTHEBANDWIDTHOFTHESUBOUTPUT
WILLBELIMITEDTOLESSTHAN�K(Z�7ITHNOINTERPOLATIONlLTER�THE
lRSTIMAGEWILLTHEREFOREBEAT����K(Z�WHICHISF3FF n�K(ZFOR
#$AUDIO	�4HESTANDARDEXTERNALlLTERUSEDFORBOTHTHEMAIN
ANDSUBCHANNELSISATHIRDORDER�SINGLEOPAMPlLTER�)FTHECUT
OFFFREQUENCYOFTHEEXTERNALSUBWOOFERlLTERIS�K(Z�THENTHERE
AREMORETHANFOUROCTAVESBETWEEN�K(ZANDTHElRSTIMAGE
AT����K(Z�!THIRDORDERlLTERWILLROLLOFFBYAPPROXIMATELY
��D"�OCT��OCTAVES���D"ATTENUATION�4HISISAPPROXIMATELY
THESAMEASTHEDIGITALATTENUATIONUSEDINTHEMAINCHANNEL
lLTERS�SONOINTERNALINTERPOLATIONlLTERISREQUIREDTOREMOVETHE
OUTOFBANDIMAGES�

.OTETHATBYHAVINGINTERPOLATIONlLTERSINTHEMAINCHANNELS
BUTNOTTHESUBWOOFERCHANNEL�THEREISAPOTENTIALTIMEDELAY
MISMATCHBETWEENTHEMAINANDSUBCHANNELS�4HEGROUPDELAY
OFTHEDIGITALINTERPOLATIONlLTERSUSEDINTHEMAINLEFT�RIGHT
CHANNELSISABOUT���MS�4HISMUSTBECOMPAREDTOTHEGROUP
DELAYOFTHEEXTERNALANALOGlLTERUSEDINTHESUBWOOFERPATH�)F
THEGROUPDELAYMISMATCHCAUSESAFREQUENCYRESPONSEERROR
�WHENTHETWOSIGNALSAREACOUSTICALLYADDED	�THENTHEPRO
GRAMMABLEDELAYFEATURECANBEUSEDTOPUTEXTRADELAYINEITHER
THESUBWOOFERPATHORTHEMAINLEFT�RIGHTPATH�
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$!4! $!4!
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30)0/24
/VERVIEW
4HE!$����HASMANYDIFFERENTCONTROLOPTIONS�-OSTSIGNAL
PROCESSINGPARAMETERSARECONTROLLEDBYWRITINGNEWVALUESTO
THEPARAMETER2!-USINGTHE30)PORT�/THERFUNCTIONS�SUCHAS
VOLUMEANDDEEMPHASISlLTERING�AREPROGRAMMEDBYWRITINGTO
THE30)CONTROLREGISTERS�

4HE30)PORTUSESA�WIREINTERFACE�CONSISTINGOF#,!4#(�
##,+�#$!4!�AND#/54SIGNALS�4HE#,!4#(SIGNALGOES
LOWATTHEBEGINNINGOFATRANSACTIONANDHIGHATTHEENDOFA
TRANSACTION�4HE##,+SIGNALLATCHESTHESERIALINPUTDATAONA
LOWTOHIGHTRANSITION�4HE#$!4!SIGNALCARRIESTHESERIALINPUT
DATA�ANDTHE#/54SIGNALISTHESERIALOUTPUTDATA�4HE#/54
SIGNALREMAINSTHREESTATEDUNTILAREADOPERATIONISREQUESTED�
4HISALLOWSOTHER30)COMPATIBLEPERIPHERALSTOSHARETHESAME
READBACKLINE�

4HE30)PORTISCAPABLEOFFULLREAD�WRITEOPERATIONFORALLOFTHE
MEMORIES�PARAMETERANDPROGRAM	ANDSOMEOFTHE30)REGISTERS
�#ONTROL2EGISTER�ANDTHEDATACAPTUREREGISTERS	�4HEMEMORIES
MAYBEACCESSEDINBOTHASINGLEADDRESSMODEORINBURSTMODE�
!LL30)TRANSACTIONSFOLLOWTHESAMEBASICFORMATTHATISSHOWNIN
4ABLE)�

4ABLE)� 30)7ORD&ORMAT

"YTE� "YTE� "YTE� "YTE� "YTE�

������2��� �!DDR;���= !DDR;���= $ATA $ATA $ATA

4HE2��� BITISLOWFORAWRITEANDHIGHFORAREADOPERATION�
4HE��BITADDRESSWORDISDECODEDINTOEITHERALOCATIONINONE
OFTHETWOMEMORIES�PARAMETERORPROGRAM	ORONEOFTHE30)
REGISTERS�4HENUMBEROFDATABYTESVARIESACCORDINGTOTHEREGIS
TERORMEMORYBEINGACCESSED�)NBURSTWRITEMODE�AVAILABLEFOR
LOADINGTHE2!-SONLY	�ANINITIALADDRESSISGIVENFOLLOWEDBYA
CONTINUOUSSEQUENCEOFDATAFORCONSECUTIVE2!-LOCATIONS�4HE
DETAILEDDATAFORMATDIAGRAMFORCONTINUOUSMODEOPERATIONIS
GIVENIN30)READ�WRITEDATAFORMATS�

!SAMPLETIMINGDIAGRAMFORASINGLE30)WRITEOPERATIONTOTHE
PARAMETER2!-ISSHOWNIN&IGURE���

!SAMPLETIMINGDIAGRAMOFASINGLE30)READOPERATIONISSHOWN
IN&IGURE���4HE#/54PINGOESFROMTHREESTATETODRIVENAT
THEBEGINNINGOF"YTE��"YTES�AND�CONTAINTHEADDRESSAND
2�� BIT�AND"YTES�THROUGH�CARRYTHEDATA�4HEEXACTFORMAT
ISSHOWNIN4ABLES6)))TO8)8�

4HE!$����HASSEVERALMECHANISMSFORUPDATINGSIGNALPROCESSING
PARAMETERSINREALTIMEWITHOUTCAUSINGLOUDPOPSORCLICKS�)N
CASESWHERELARGEBLOCKSOFDATANEEDTOBEDOWNLOADED�THE$30
CORECANBESHUTDOWNANDNEWDATALOADED�ANDTHENTHECORE
CANBERESTARTED�4HESHUTDOWNANDRESTARTMECHANISMSEMPLOYA
GRADUALVOLUMERAMPTOPREVENTCLICKSANDPOPS�)NCASESWHERE
ONLYAFEWPARAMETERSNEEDTOBECHANGED�E�G��ASINGLEBIQUAD
lLTER	�ASAFELOADMECHANISMISUSED�WHICHALLOWSABLOCKOF30)
REGISTERSTOBETRANSFERREDTOTHEPARAMETER2!-WITHINASINGLE
AUDIOFRAMEWHILETHECOREISRUNNING�4HESAFELOADMODEUSES
INTERNALLOGICTOPREVENTCONTENTIONBETWEENTHE$30COREAND
THE30)PORT�
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4ABLE))�30)0ORT!DDRESS$ECODING

30)!DDRESS 2EGISTER.AME2EAD�7RITE7ORD,ENGTH

�n��� 0ARAMETER2!- 7RITE���"ITS
2EAD���"ITS

���30)#ONTROL2EGISTER� 7RITE���"ITS
2EAD��"ITS

���30)#ONTROL2EGISTER� 7RITE��"ITS
2EAD�.�!

���6OLUME,EFT 7RITE���"ITS
2EAD�.�!

���6OLUME2IGHT7RITE���"ITS
2EAD�.�!

���6OLUME3UB 7RITE���"ITS
2EAD�.�!

���$ATA#APTURE�30)/UT	��7RITE��"IT0ROGRAM#OUNTER6ALUE��"IT2EGISTER!DDRESS
2EAD���"ITS

���$ATA#APTURE�30)/UT	��7RITE��"IT0ROGRAM#OUNTER6ALUE��"IT2EGISTER!DDRESS
2EAD���"ITS

���$ATA#APTURE�3ERIAL/UT	,EFT7RITE��"IT0ROGRAM#OUNTER6ALUE��"IT2EGISTER!DDRESS
2EAD�.�!

��� $ATA#APTURE�3ERIAL/UT	2IGHT 7RITE��"IT0ROGRAM#OUNTER6ALUE��"IT2EGISTER!DDRESS
2EAD�.�!

���0ARAMETER2!-3AFE,OAD2EGISTER� 7RITE��"IT0ARAMETER2!-!DDRESS���"IT0ARAMETER$ATA
2EAD�.�!

���0ARAMETER2!-3AFE,OAD2EGISTER� 7RITE��"IT0ARAMETER2!-!DDRESS���"IT0ARAMETER$ATA
2EAD�.�!

���0ARAMETER2!-3AFE,OAD2EGISTER�7RITE��"IT0ARAMETER2!-!DDRESS���"IT0ARAMETER$ATA
2EAD�.�!

���0ARAMETER2!-3AFE,OAD2EGISTER� 7RITE��"IT0ARAMETER2!-!DDRESS���"IT0ARAMETER$ATA
2EAD�.�!

���0ARAMETER2!-3AFE,OAD2EGISTER�7RITE��"IT0ARAMETER2!-!DDRESS���"IT0ARAMETER$ATA
2EAD�.�!

���n���5NUSED

��� 4EST2EGISTER 7RITE��"ITS
2EAD�.�!

���n����0ROGRAM2!-7RITE���"ITS
2EAD���"ITS

30)!DDRESS$ECODING
4ABLE))SHOWSTHEADDRESSDECODINGUSEDINTHE30)PORT�4HE
30)ADDRESSSPACEENCOMPASSESASETAREGISTERSANDTWO2!-S�
ONEFORHOLDINGSIGNALPROCESSINGPARAMETERSANDONEFORHOLD
INGTHEPROGRAMINSTRUCTIONS�"OTHOFTHE2!-SARELOADEDON
POWERUPFROMONBOARDBOOT2/-S�

#ONTROL2EGISTER�
#ONTROL2EGISTER�ISAN��BITREGISTERTHATCONTROLSDATACAPTURE�
SERIALMODES�DEEMPHASIS�MUTE�POWERDOWN�AND30)TO
MEMORYTRANSFERS�4ABLE)))DOCUMENTSTHECONTENTSOFTHISREGISTER�
4ABLE)6DETAILSTHETWOBITSINTHEREGISTER�SREADOPERATION�

"ITS���SETTHEWORDLENGTH�WHICHISUSEDINRIGHTJUSTIlEDSERIAL
MODESTODETERMINEWHERETHE-3"ISLOCATEDRELATIVETOTHESTART
OFTHEAUDIOFRAME�

"ITS���SELECTONEOFFOURSERIALMODES�WHICHAREDISCUSSEDIN
THE3ERIAL$ATA)NPUT0ORTSECTION�

4HEDEEMPHASISCURVESELECTION"ITS���TURNONTHEINTERNAL
DEEMPHASISlLTERFORONEOFTHREEPOSSIBLESAMPLERATES�

"IT��THESOFTPOWERDOWNBIT�STOPSTHEINTERNALCLOCKSTOTHE$30
CORE�BUTDOESNOTRESETTHEPART�4HEDIGITALPOWERCONSUMPTION
ISREDUCEDTOALOWLEVELWHENTHISBITISASSERTED�2ESETCANONLY
BEASSERTEDUSINGTHEEXTERNALRESETPIN�

3OFTMUTE�"IT�	ISUSEDTOINITIATEAVOLUMERAMPDOWNSEQUENCE�
)FTHEINITIALVOLUMEWASSETTO����THISOPERATIONWILLTAKE���
AUDIOFRAMESTOCOMPLETE�7HENTHISBITISDEASSERTED�ARAMPUP
SEQUENCEISINITIATEDUNTILTHEVOLUMERETURNSTOITSORIGINALSETTING�

7HENSET�"IT�ENABLESTHE$#3/54PIN�4HISMUSTBESETIN
ORDERTOREADFROMTHEDATACAPTURESERIALOUTREGISTERS�
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4HEINITIATESAFETRANSFER"IT�WILLREQUESTADATATRANSFERFROM
THE30)SAFELOADREGISTERSTOTHEPARAMETER2!-�4HESAFELOAD
REGISTERSCONTAINADDRESSDATAPAIRS�ANDONLYTHOSEREGISTERS
THATHAVEBEENWRITTENTOSINCETHELASTTRANSFEROPERATIONWILLBE
UPLOADED�4HEUSERMAYPOLLFORTHISOPERATIONTOCOMPLETEBY
READING"IT�OF#ONTROL2EGISTER��4HE3AFELOAD-ECHANISM
SECTIONGOESINTOMOREDETAILONTHISFEATURE�

"IT���THEHALTPROGRAMBIT�ISUSEDTOINITIATEAVOLUMERAMPDOWN
FOLLOWEDBYASHUTDOWNOFTHE$30CORE�4HEUSERMAYPOLLFOR
THISOPERATIONTOCOMPLETEBYREADING"IT�OF#ONTROL2EGISTER��

"IT��SETSTHEFUNCTIONOFTHEDEEMPHASIS�AUXILIARYSERIALINPUT
PIN�7HENTHISBITISSETTO��THEPINWILLFUNCTIONASANAUXILIARY
SERIALINPUTTHATISCLOCKEDBYTHEINPUTMUX�SSELECTEDCLOCKS�
7HENSETTO��THISPINENABLESTHE����K(ZDEEMPHASISCURVE�

4ABLE)))�#ONTROL2EGISTER�7RITE$ElNITION

2EGISTER"ITS &UNCTION

�� $EEMPHASIS�!UXILIARY3ERIAL)NPUT0IN3ELECT
���!UXILIARY3ERIAL)NPUT	

�� (ALT0ROGRAM���(ALT	
� )NITIATE3AFE4RANSFER���4RANSFER	
� %NABLE$#3/54/UTPUT0IN���%NABLE	
� 3OFT-UTE���3TART-UTE3EQUENCE	
� 3OFT0OWER$OWN���0OWER$OWN	
��� $EEMPHASIS#URVE3ELECT

���.ONE
�������K(Z
�����K(Z
�����K(Z

��� 3ERIALIN-ODE
���)�3
���2IGHT*USTIlED
���$30
���,EFT*USTIlED

��� 7ORD,ENGTH
�����"ITS
�����"ITS
�����"ITS
�����"ITS

4ABLE)6�#ONTROL2EGISTER�2EAD$ElNITION

2EGISTER"ITS &UNCTION

� $30#ORE3HUTDOWN#OMPLETE
��3HUTDOWN#OMPLETE
��.OT3HUT$OWN

� 3AFE-EMORY,OAD#OMPLETE
��#OMPLETE�.OTE�#LEAREDAFTER2EAD	
��.OT#OMPLETE

"IT�ISASSERTEDWHENALLREQUESTEDSAFELOADREGISTERSHAVEBEEN
TRANSFERREDTOTHEPARAMETER2!-�)TISCLEAREDAFTERTHEREAD
OPERATIONISCOMPLETE�

"IT�ISASSERTEDAFTERTHEREQUESTEDSHUTDOWNOFTHE$30ISCOM
PLETED�7HENTHISBITISSET�THEUSERISFREETOWRITEORREADANY
2!-LOCATIONWITHOUTCAUSINGANAUDIOPOPORCLICK�

4ABLE6�#ONTROL2EGISTER�7RITE$ElNITION

2EGISTER"ITS &UNCTION

� 6OLUME2AMP3PEED
�����MS&ULL2AMP4IME
����MS&ULL2AMP4IME
�3ERIAL0ORT/UTPUT%NABLE
��%NABLED
��$ISABLED
��� 3ERIAL0ORT)NPUT3ELECT
���).�
���).�

���).�
���.!
��� -#,+)NPUT3ELECT
���-#,+�
���-#,+�
���-#,+�
���.!
�2ESERVED
�-#,+IN&REQUENCY3ELECT

������ F3FF
������F3FF
��� -#,+/UT&REQUENCY3ELECT
���$ISABLED
�������F3FF
�������F3FF
���-#,+?/UT�-#,+?)N�&EEDTHROUGH	

#ONTROL2EGISTER�
4ABLE6DOCUMENTSTHECONTENTSOF#ONTROL2EGISTER��"ITS�AND�
SETTHEFREQUENCYOFTHE-#,+/54PIN�)FTHESEBITSARESETTO
���THENTHE-#,+/54PINISDISABLED�DEFAULT	�7HENSETTO
���THE-#,+/54PINISSETTO����F3FF �WHICHISTHESAMEAS
THEINTERNALMASTERCLOCKUSEDBYTHE$30CORE�7HENSETTO���
THISPINISSETTO����F3FF �DERIVEDBYDIVIDINGTHEINTERNAL$30
CLOCKBY��)NTHISMODE�THEOUTPUT���F3FF CLOCKWILLBEINVERTED
WITHRESPECTTOTHEINPUT���F3FF CLOCK�4HISISNOTTHECASEWITHTHE
FEEDTHROUGHMODE�7HENSETTO���THE-#,+/54PINMIRRORS
THESELECTED-#,+INPUTPIN�IT�STHEOUTPUTOFTHE-#,+MUX
SELECTOR	�.OTETHATTHEINTERNAL$30MASTERCLOCKMAYEITHERBE
THESAMEASTHESELECTED-#,+PIN�WHEN-#,+FREQUENCY
SELECTISSETTO����F3FF MODE	ORMAYBEDERIVEDFROMTHE-#,+
PINUSINGANINTERNALCLOCKDOUBLER�WHEN-#,+FREQUENCY
SELECTISSETTO����F3FF 	�

"IT�SELECTSONEOFTWOPOSSIBLE-#,+INPUTFREQUENCIES�7HEN
SETTO��DEFAULT	�THE-#,+FREQUENCYISSETTO����F3FF �)NTHIS
MODE�THEINTERNAL$30CLOCKANDTHEEXTERNAL-#,+AREATTHE
SAMEFREQUENCY�7HENSETTO��THE-#,+FREQUENCYISSETTO
����F3FF �ANDANINTERNALCLOCKDOUBLERISUSEDTOGENERATETHE
$30CLOCK�

"ITS�AND�SELECTONEOFTHREECLOCKINPUTSOURCESUSINGANINTER
NALMUX�4OAVOIDCLICKANDPOPNOISESWHENSWITCHING-#,+
SOURCES�ITISRECOMMENDEDTHATTHEUSERPUTTHE$30COREIN
SHUTDOWNBEFORESWITCHING-#,+SOURCES�

"ITS�AND�SELECTONEOFTHREESERIALINPUTSOURCESUSINGAN
INTERNALMUX�%ACHSOURCESELECTIONINCLUDESASEPARATE3$!4!�
,2#,+�AND"#,+INPUT�4OAVOIDCLICKANDPOPNOISESWHEN
SWITCHINGSERIALSOURCES�ITISRECOMMENDEDTHATTHEUSERPUTTHE
$30COREINSHUTDOWNBEFOREWRITINGTOTHESEBITS�
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"IT�ISUSEDTOENABLETHETHREESERIALOUTPUTPINS�4HESEPINSARE
CONNECTEDTOTHEOUTPUTOFTHESERIALINPUTMUX�WHICHISSETBY
"ITS�AND��4HEDEFAULTIS��DISABLED	�

"IT�CHANGESTHEDEFAULTSETTINGOFTHEVOLUMERAMPSPEED�7HEN
SETTO��ITWILLTAKE����,2#,+PERIODSTOGOFROMFULLVOLUME
��D"	TOINlNITEATTENTION�7HENSETTO��THESAMEOPERATION
WILLTAKE����,2#,+PERIODS�

6OLUME2EGISTERS
4HE!$����CONTAINSTHREE��BITVOLUMEREGISTERS�ONEEACHFOR
THELEFT�RIGHT�ANDSUBWOOFERCHANNELS�4HESEREGISTERSARESPECIAL
BECAUSEWHENTHEVOLUMEISCHANGEDFROMANINITIALVALUETOA
NEWVALUE�ALINEARRAMPISUSEDTOINTERPOLATEBETWEENTHETWO
VALUES�4HISFEATUREPREVENTSAUDIBLECLICKSANDPOPSWHENCHANG
INGVOLUME�4HERAMPISSETSOTHATITTAKES���AUDIOFRAMESTO
DECREMENTFROMAVOLUMEOF����DEFAULT	DOWNTO��MUTED	�
4HEVOLUMEREGISTERSAREFORMATTEDIN����TWOSCOMPLEMENT�
MEANINGTHAT����������������������ISINTERPRETEDAS����
.EGATIVEVALUESCANALSOBEWRITTENTOTHEVOLUMEREGISTER�CAUS
INGANINVERSIONOFTHESIGNAL�.EGATIVEVALUESWORKASEXPECTED
WITHTHERAMPFEATURE�TOGOFROM����TOn���WILLTAKE����
,2#,+S�ANDTHEVOLUMEWILLPASSTHROUGH�ONTHEWAY�

0ARAMETER2!-#ONTENTS
4ABLE6)SHOWSTHECONTENTSOFTHEPARAMETER2!-FORTHE!$�����S
DEFAULTPROGRAM�4HEPARAMETER2!-IS��BITSWIDEANDOCCUPIES
30)!DDRESSES�THROUGH����4HELOWADDRESSESOFTHE2!-ARE
USEDTOCONTROLTHEBIQUADlLTERS�4HEREARE��BIQUADlLTERSINALL�
ANDEACHBIQUADHASlVECOEFlCIENTS�RESULTINGINATOTALMEMORY
USAGEOF���COEFlCIENTS�4HEREAREALSOTWOTABLESOF��COEFl
CIENTS�EACHTHATDElNETHEMAINANDSUBCOMPRESSORINPUT�OUTPUT
CHARACTERISTICS�4HESEARELOADEDWITH���ONPOWERUP�RESULTING
INNOCOMPRESSION�/THER2!-ENTRIESCONTROLOTHERCOMPRESSOR
CHARACTERISTICS�ASWELLASDELAYANDSPATIALIZATIONSETTINGS�

4HEPARAMETER2!-ISINITIALIZEDONPOWERUPBYANONBOARD
BOOT2/-�4HEDEFAULTVALUESYIELDNOEQUALIZATION�NOCOM
PRESSION�NOSPATIALIZATION�NODELAY�ANDNORMALDETECTORTIME
CONSTANTSINTHECOMPRESSORSECTIONS�4HEFUNCTIONALITYOFTHE
!$����ONPOWERUPISBASICALLYTHATOFANORMALAUDIO$!#
WITHNOSIGNALPROCESSINGCAPABILITY�

4HEDATAFORMATOFTHEPARAMETER2!-ISTWOSCOMPLEMENT
����FORMAT�4HISMEANSTHATTHECOEFlCIENTSMAYRANGEFROM
�����n�,3"	TOn����WITH���REPRESENTEDBYTHEBINARYWORD
�����������������������

/PTIONSFOR0ARAMETER5PDATES
4HEPARAMETERANDPROGRAM2!-SCANBEWRITTENANDREADUSING
ONEOFSEVERALMETHODS�

�� $IRECTREAD�WRITE�4HISMETHODALLOWSDIRECTACCESSTOTHE
2!-S�3INCETHE2!-SAREALSOBEINGUSEDDURINGREALTIME
$30OPERATION�AGLITCHWILLLIKELYOCCURATTHEOUTPUT�4HIS
METHODISNOTRECOMMENDED�

�� $IRECTREAD�WRITEAFTERCORESHUTDOWN�4HISMETHODAVOIDS
THEGLITCHWHILEACCESSINGTHEINTERNAL2!-SBYlRSTSHUTTING
DOWNTHECORE�4HISISRECOMMENDEDFORTRANSFERRINGLARGE
AMOUNTSOFDATA�SUCHASINITIALIZINGTHEPARAMETER2!-AT
POWERUPORDOWNLOADINGACOMPLETELYNEWPROGRAM�4HESE
TRANSFERSCANBESPEDUPBYUSINGBURSTMODE�WHEREANINITIAL
ADDRESSFOLLOWEDBYBLOCKSOFDATAARESENTTOTHE2!-�

�� 3AFELOADWRITES�4HISISWHEREUPTOlVE30)REGISTERSARELOADED
WITHADDRESS�DATAINTENDEDFORTHEPARAMETER2!-�4HEDATA
ISTHENTRANSFERREDTOTHEREQUESTEDADDRESSWHENTHE2!-IS
NOTBUSY�4HISMETHODCANBEUSEDFORDYNAMICUPDATESWHILE
LIVEPROGRAMMATERIALISPLAYINGTHROUGHTHE!$�����&OR
EXAMPLE�ACOMPLETEUPDATEOFONEBIQUADSECTIONCANOCCURIN
ONEAUDIOFRAMEWHILETHE2!-ISNOTBUSY�4HISMETHODISNOT
AVAILABLEFORWRITINGTOTHEPROGRAM2!-ORCONTROLREGISTERS�

4HENEXTSECTIONDISCUSSESTHESEOPTIONSINMOREDETAIL�

3OFT3HUTDOWN-ECHANISM
7HENWRITINGLARGEAMOUNTSOFDATATOTHEPROGRAMORPARAMETER
2!-�THEPROCESSORCORESHOULDBEHALTEDTOPREVENTUNPLEASANT
NOISESFROMAPPEARINGATTHEAUDIOOUTPUT�&IGURE��SHOWSA
GRAPHICALREPRESENTATIONOFTHISMECHANISM�SVOLUMEENVELOPE�
0OINTS!THROUGH$AREREFERENCEDINTHEFOLLOWINGDESCRIPTION�
"IT��IN3ERIAL#ONTROL2EGISTER��PROCESSORSHUTDOWNBIT	WILL
SHUTDOWNTHEPROCESSORCORE�7HENTHEPROCESSORSHUTDOWNBIT
ISASSERTED�!	�ANAUTOMATICVOLUMERAMPDOWNSEQUENCE
�"	LASTINGFROM��MSTO��MSWILLOCCUR�FOLLOWEDBYASHUT
DOWNOFTHECORE�4HISMETHODOFSHUTTINGDOWNTHECORE
PREVENTSPOPSORCLICKSFROMOCCURRING�!FTERTHESHUTDOWNIS
COMPLETE�"IT�IN#ONTROL2EGISTER�WILLBESET�4HEUSERCAN
EITHERPOLLFORTHISBITTOBESETORJUSTWAITFORAPERIODLONGER
THAN��MS�

/NCETHECOREISSHUTDOWN�#	�THEPARAMETERORPROGRAM2!-S
MAYBEWRITTENORREADFREELY�4OFACILITATETHETRANSFEROFLARGE
BLOCKSOFSEQUENTIALDATA�ABLOCKTRANSFERMODEISSUPPORTED
WHEREASTARTINGADDRESSFOLLOWEDBYASTREAMOFDATAISSENTTOTHE
MEMORY�4HEADDRESSINTOTHEMEMORYWILLBEAUTOMATICALLY
INCREMENTEDFOREACHNEWWRITE�4HISMODEISDOCUMENTEDINTHE
30)2EAD�7RITE$ATA&ORMATSSECTIONOFTHISDATASHEET�

/NCETHEDATAHASBEENWRITTEN�THESHUTDOWNBITCANBECLEARED
�$	�4HEPROCESSORTHENWILLINITIATEAVOLUMERAMPUPSEQUENCE

! $#"

&IGURE���2ECOMMENDED3EQUENCESFOR#OMPLETE0ARAMETEROR0ROGRAM2!-5PLOADED5SING3HUTDOWN-ECHANISM
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./4%3
�4HEDETECTORHOLDANDDECAYTIMESAREINTEGERVALUES�WHILETHERESTOFTHEPARAMETERSAREFRACTIONALTWOSCOMPLEMENTVALUES�
�4HEDEFAULTDECAYTIMEOFTHEHOLD�RELEASECIRCUITISSETFASTENOUGHSOTHATTHEDECAYISDOMINATEDBYTHETIMECONSTANTOFTHERMSDETECTOR�

4ABLE6)� 0ARAMETER2!-#ONTENTS�$EFAULT0ROGRAM

� ))2�,EFTB� ���
� ))2�,EFTB� �
� ))2�,EFTB� �
� ))2�,EFTA� �
� ))2�,EFTA� �
� ))2�,EFTB� ���
� ))2�,EFTB� �
� ))2�,EFTB� �
� ))2�,EFTA� �
� ))2�,EFTA� �
��  ))2�,EFTB� ���
��  ))2�,EFTB� �
��  ))2�,EFTB� �
��  ))2�,EFTA� �
��  ))2�,EFTA� �
��  ))2�,EFTB� ���
��  ))2�,EFTB� �
��  ))2�,EFTB� �
��  ))2�,EFTA� �
��  ))2�,EFTA� �
��  ))2�,EFTB� ���
��  ))2�,EFTB� �
��  ))2�,EFTB� �
��  ))2�,EFTA� �
��  ))2�,EFTA� �
�� ))2�,EFTB� ���
��  ))2�,EFTB� �
��  ))2�,EFTB� �
��  ))2�,EFTA� �
��  ))2�,EFTA� �
��  ))2�,EFTB� ���
��  ))2�,EFTB� �
��  ))2�,EFTB� �
��  ))2�,EFTA� �
��  ))2�,EFTA� �
�� ))2�2IGHTB� ���
��  ))2�2IGHTB� �
��  ))2�2IGHTB� �
��  ))2�2IGHTA� �
��  ))2�2IGHTA� �
��  ))2�2IGHTB� ���
��  ))2�2IGHTB� �
��  ))2�2IGHTB� �
��  ))2�2IGHTA� �
��  ))2�2IGHTA� �
��  ))2�2IGHTB� ���
��  ))2�2IGHTB� �
��  ))2�2IGHTB� �
��  ))2�2IGHTA� �
��  ))2�2IGHTA� �
��  ))2�2IGHTB� ���
��  ))2�2IGHTB� �
��  ))2�2IGHTB� �
��  ))2�2IGHTA� �

 $EFAULT6ALUE
 IN&RACTIONAL
!DDR  &UNCTION  ����&ORMAT

�� ))2�2IGHTA� �
�� ))2�2IGHTB� ���
�� ))2�2IGHTB� �
�� ))2�2IGHTB� �
�� ))2�2IGHTA� �
�� ))2�2IGHTA� �
�� ))2�2IGHTB� ���
�� ))2�2IGHTB� �
�� ))2�2IGHTB� �
�� ))2�2IGHTA� �
�� ))2�2IGHTA� �
�� ))2�2IGHTB� ���
�� ))2�2IGHTB� �
�� ))2�2IGHTB� �
�� ))2�2IGHTA� �
�� ))2�2IGHTA� �
�� ))2�8OVER,EFTB� ���
�� ))2�8OVER,EFTB� �
�� ))2�8OVER,EFTB� �
�� ))2�8OVER,EFTA� �
�� ))2�8OVER,EFTA� �
�� ))2�8OVER,EFTB� ���
�� ))2�8OVER,EFTB� �
�� ))2�8OVER,EFTB� �
�� ))2�8OVER,EFTA� �
�� ))2�8OVER,EFTA� �
�� ))2�8OVER2IGHTB� ���
�� ))2�8OVER2IGHTB� �
�� ))2�8OVER2IGHTB� �
�� ))2�8OVER2IGHTA� �
�� ))2�8OVER2IGHTA� �
�� ))2�8OVER2IGHTB� ���
�� ))2�8OVER2IGHTB� �
�� ))2�8OVER2IGHTB� �
�� ))2�8OVER2IGHTA� �
�� ))2�8OVER2IGHTA� �
�� ))2�8OVER3UBB� ���
�� ))2�8OVER3UBB� �
�� ))2�8OVER3UBB� �
�� ))2�8OVER3UBA� �
�� ))2�8OVER3UBA� �
�� ))2�8OVER3UBB� ���
�� ))2�8OVER3UBB� �
�� ))2�8OVER3UBB� �
�� ))2�8OVER3UBA� �
�� ))2�8OVER3UBA� �
��� ))2�8OVER3UBB� ���
��� ))2�8OVER3UBB� �
��� ))2�8OVER3UBB� �
��� ))2�8OVER3UBA� �
��� ))2�8OVER3UBA� �
��� ))23UBRMSB� ���
��� ))23UBRMSB� �
��� ))23UBRMSB� �

$EFAULT6ALUE
IN&RACTIONAL
!DDR  &UNCTION ����&ORMAT

���  ))23UBRMSA� �
���  ))23UBRMSA� �
���n��� -AIN#OMPRESSOR  ����ALL	
 ,OOK5P4ABLE"ASE
���-AIN#OMPRESSOR  ���������

!TTACK�RMS4IME ����D"�SEC	
#ONSTANT
��� -AIN0OST ���
#OMPRESSOR'AIN
���n���  3UBWOOFER  ���
#OMPRESSOR
 ,OOK5P4ABLE"ASE
���3UB#OMPRESSOR ���������

!TTACK�RMS4IME ����D"�SEC	
#ONSTANT
���  0OST#OMPRESSOR ���
'AIN�3UB	
��� (IGH0ASS&ILTER
#UTOFF&REQUENCY
��� -AIN#OMPRESSOR  �
 ,OOK!HEAD$ELAY
��� $ELAY,EFT  �
��� $ELAY2IGHT  �
��� $ELAY3UB �
���  3TEREO3PREADING  �
#OEFlCIENT
���  3TEREO3PREADING  ��������
 &REQUENCY#ONTROL
���  3UBWOOFER  ���
 2EINJECTION
 TO-AIN,EFT
���  3UBWOOFER  ���
 2EINJECTION
 TO-AIN2IGHT
���3UBWOOFER#HANNEL  ���
)NPUT'AINFROM

,EFT)N
���3UBWOOFER#HANNEL  ���
)NPUT'AINFROM
2IGHT)N
���-AIN$ETECTOR(OLD  ��

 4IME�3AMPLES
�����-AX	
���3UB$ETECTOR(OLD ��

 4IME�3AMPLES
�����-AX	
��� -AIN$ETECTOR ��������
$ECAY4IME  ������D"�SEC	�

���3UB$ETECTOR  ��������
$ECAY4IME  ������D"�SEC	�

���n��� 5NUSED

 $EFAULT6ALUE
 IN&RACTIONAL
!DDR&UNCTION ����&ORMAT
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THATLASTSFOR��MSTO��MS�!GAIN�THISREDUCESTHECHANCEOF
ANYPOPORCLICKNOISEFROMOCCURRING�

.OTETHATTHISSHUTDOWNSEQUENCEASSUMESTHATTHEPARTISSET
TOTHEFASTVOLUMERAMPSPEED�#ONTROL2EGISTER��"IT�	�)FTHE
SLOWRAMPSPEEDISSET�THEVOLUMEMAYNOTREACHZEROBEFORETHE
PARTENTERSSHUTDOWNANDACLICKORPOPMAYBEHEARD�

3AFELOAD-ECHANISM
-ANYAPPLICATIONSREQUIREREALTIMECONTROLOFlLTERCHARACTERISTICS�
SUCHASBASS�TREBLECONTROLSANDPARAMETRICORGRAPHICEQUALIZATION�
4OPREVENTINSTABILITYFROMOCCURRING�ALLOFTHEPARAMETERSOFA
PARTICULARBIQUADlLTERMUSTBEUPDATEDATTHESAMETIME�OTHER
WISE�THElLTERCOULDEXECUTEFORONEORTWOAUDIOFRAMESWITHA
MIXTUREOFOLDANDNEWCOEFlCIENTS�4HISMIXOFOLDANDNEW
COULDCAUSETEMPORARYINSTABILITY�LEADINGTOTRANSIENTSTHATCOULD
TAKEALONGTIMETODECAY�

4HEMETHODUSEDINTHE!$����TOELIMINATETHISPROBLEMISTO
LOADASETOFlVEREGISTERSINTHE30)PORTWITHTHEDESIREDPARAM
ETER2!-ADDRESSANDDATA�&IVEREGISTERSAREUSEDBECAUSEEACH
BIQUADlLTERHASlVECOEFlCIENTS�/NCETHESEREGISTERSARELOADED�
THEINITIATESAFETRANSFERBITIN#ONTROL2EGISTER�SHOULDBESET�
/NCETHISBITISSET�THEPROCESSORWAITSFORAPERIODOFTIMEIN
THEPROGRAMSEQUENCEWHERETHEPARAMETER2!-ISNOTBEING
ACCESSEDFORATLEASTlVECONSECUTIVEINSTRUCTIONCYCLES�7HENTHE
PROGRAMCOUNTERREACHESTHISPOINT�THEPARAMETER2!-ISWRIT
TENWITHlVENEWDATAVALUESATADDRESSESCORRESPONDINGTOTHOSE
THATWEREENTEREDINTHESAFELOADREGISTERS�7HENTHEOPERATIONIS
COMPLETE�"IT�OF#ONTROL2EGISTER��READ	ISSET�4HISBITMAY
BEPOLLEDBYTHEEXTERNALMICROPROCESSORUNTILA�ISREADAND
WILLBERESETONAREADOPERATION�4HEPOLLINGOPERATIONISNOT
REQUIRED�THESAFELOADMECHANISMGUARANTEESTHATTHETRANSFERWILL
BECOMPLETEWITHINONEAUDIOFRAME�

4HESAFELOADLOGICAUTOMATICALLYSENDSONLYTHOSESAFELOADREGISTERS
THATHAVEBEENWRITTENTOSINCETHELASTSAFELOADOPERATION�&OR

EXAMPLE�IFONLYTWOPARAMETERSARETOBESENT�THENITISNECES
SARYTOWRITETOONLYTWOOFTHElVESAFELOADREGISTERS�7HENTHE
REQUESTSAFETRANSFERBITISASSERTED�ONLYTHOSETWOREGISTERSWILL
BESENT�THEOTHERTHREEREGISTERSARENOTSENTANDCANSTILLHOLD
OLDORINVALIDDATA�

4HESAFELOADMECHANISMISNOTLIMITEDTOUPLOADINGBIQUAD
COEFlCIENTS�ANYSETOFlVEVALUESINTHEPARAMETER2!-MAYBE
UPDATEDINTHESAMEWAY�4HISALLOWSREALTIMEADJUSTMENTOFTHE
COMPRESSOR�LIMITER�DELAY�ORSTEREOSPREADINGBLOCKS�

3UMMARYOF2!--ODES
4ABLE6))SHOWSTHESIZESANDAVAILABLEMODESOFTHEPARAMETER
2!-ANDTHEPROGRAM2!-�

30)2%!$�72)4%$!4!&/2-!43
4HEREAD�WRITEFORMATSOFTHE30)PORTAREDESIGNEDTOBEBYTE
ORIENTED�4HISALLOWSFOREASYPROGRAMMINGOFCOMMONMICROCON
TROLLERCHIPS�4OlTINTOABYTEORIENTEDFORMAT��SAREAPPENDED
TOTHEDATAlELDSTOEXTENDTHEDATAWORDTOTHENEXTMULTIPLEOF
�BITS�&OREXAMPLE���BITWORDSWRITTENTOTHE30)PARAMETER
2!-AREAPPENDEDWITHTWOLEADINGZEROESTOREACH��BITS
��BYTES	�AND��BITWORDSWRITTENTOTHEPROGRAM2!-ARE
APPENDEDWITHlVEZEROSTOREACH��BITS��BYTES	�4HESEZERO
EXTENDEDDATAlELDSAREAPPENDEDTOA�BYTElELDCONSISTINGOFA
READ�WRITEBITANDA��BITADDRESS�4HE30)PORTKNOWSHOWMANY
DATABYTESTOEXPECTBASEDONTHEADDRESSTHATISRECEIVEDINTHE
lRSTTWOBYTES�

4HETOTALNUMBEROFBYTESFORASINGLELOCATION30)WRITECOMMAND
CANVARYFROM�BYTES�FORACONTROLREGISTERWRITE	TO�BYTES�FOR
APROGRAM2!-WRITE	�"LOCKWRITESMAYBEUSEDTOlLLCONTIGUOUS
LOCATIONSINPROGRAM2!-ORPARAMETER2!-�

4HEREADANDWRITEFORMATSOFTHEPARAMETER2!-�PROGRAM2!-
ANDREGISTERSAREDETAILEDIN4ABLES6)))TO8)8�

4ABLE6))�2EAD�7RITE-ODES

30)!DDRESS "URST-ODE
-EMORY3IZE  2ANGE 2EAD 7RITE !VAILABLE 7RITE-ODES

0ARAMETER2!-������  �n��� 9ES 9ES 9ES $IRECTWRITE�WRITEAFTERCORESHUTDOWN�SAFELOADWRITE
0ROGRAM2!-������  ���n���� 9ES 9ES 9ES $IRECTWRITE�WRITEAFTERCORESHUTDOWN

4ABLE6)))�0ARAMETER2!-2EAD�7RITE&ORMAT�3INGLE!DDRESS	

"YTE�"YTE�  "YTE� "YTE� "YTE�

������2��� �!DDR;���= !DDR;���=  ���0ARAM;�����= 0ARAM;����= 0ARAM;���=

4ABLE)8�0ARAMETER2!-"LOCK2EAD�7RITE&ORMAT�"URST-ODED	

"YTE� "YTE� "YTE� "YTE� "YTE�

������2��� �!DDR;���=  !DDR;���= ���0ARAM;�����= 0ARAM;����= 0ARAM;���=

4ABLE8� 0ROGRAM2!-2EAD�7RITE&ORMAT�3INGLE!DDRESS	

"YTE� "YTE� "YTE�"YTE� "YTE� "YTE� "YTE�

������2��� �!DDR;���=  !DDR;���= ������0ROG;�����=0ROG;�����= 0ROG;�����= 0ROG;����= 0ROG;���=
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