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Graphic Equalizer by DSP chip

Mr.Chanon Pinyopun ID 46015215

Mr. Assawapong Sappap 1D 46015250
Assoc.Prof.Dr. Manus Sangworasilp (Advisor)
Education Year 2005

Abstract

This project is a part of design and studying in performance and principle of digital audio
with Chip TAS3004 function in process digital audio signal with many format, The project of this
project is focus of studying in experimentation and control with microcontroller to control the
performance. This able to apply with many type of operation such as graphic equalizer fabrication,
digital sound system by the principle and the factor of digital comprehension consist of digital
signal processing (DSP), digital filter to use for analyze and control . In this project refers to

briefly essence of studying which useful for other application.
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44, 100nTede i Ml 1&doyaves amplinde voadgygramsdu 44,100 doyalunai
= o i L] A U' @ A
i TaogUuruvesdygainhmaqumbaawmiveansoumras1d dagaliz 7
L L 4 A 1 i
nougveamsgudggyund 1213 hdygrandesmsduiinnuiigega Fmax uds
A w 4 o =l - dd )
ol ddygraunquiludumuigndesvesdggnudunm anuain1dlunsqu s esdoadl

1 ¥ 1 ad a 1 )
flnnpNaeuN IveIn NUIGIgALD Ity idesmskiniigqu wude
Fs > 2Fmax

é y 1 i o) : ¥
HaFon 2Fmax 131 “A 11D Tundean (Nyquist frequency)” Taudus11¥Fs dind
] i - = = L] 1 J
fnwi Tundeiudnsh ifiannuianaialussguiiSonii akiasing Fauuesdisznou
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- D

31/ 2.8 naasms Sampling Fyanunserioandudyyuiataealas A/D nozulandy

WudaananduTanld D/a2.1.4

2.3.4 m3n218u 1A% (Quantization)

Sampling rate aiiuditmuannuniesvass e lunumhinay Tauie
phnfimusagandhiudrdrdude Wvedusefuvedygnaudaiudoyaves amplitude
vadgg i ludwndafihms sampling 'lﬂuﬁm'suizﬁwmﬁmqmax#uadﬁuﬁmquﬁmm
{00 19U quantization 1tUD 16 bit vz K>z FUVBIToyg AR I quantize HIRUGS 536
szAudyo

ngujveanisnioulad (Quantizaon  Theorem) na11' 1331 msnaouladhiiiu
vwumanladyguoundeniifudeyamidtreandiudadududyguendon sy
aglugthveasierluwn? Wudu Taomnsniueniynitlfeinmisaiewlad nasvuinves
FognasuiienniFoudiunil fez1&ns manew ladns e s e sy (Quantize Transfer

o J
Function) Aaueaaluginz 9
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n U MUINveITHaASADA

QUANTIZED ouTPUT} v 0111
0110
0101
0100
0011.
Looro
0001
000¢ X
1111 ANALOG INPUT VOLTAGE
1110
1101
1100
1011
1010
1001
1000 —_]

1% 2.9 uoamns e Haf$uves quantization 16bit
U r 1 b C: - J :
fanuuandnvewAnzszdudyg uififiatnniumusodnaum ldnn
Q=FSR/2°

Taedi  Q:MAmuuAnd YRR sE Ay Fygar
FSR : ¥ruduninaveadgg aeundion (Full Scale Range)
n : futiavnssvnRinon
nnmumsziiud deswaudianniu vinaves @ fezanas uazéusmihdgyga
awdenlaqumhinisareuladudr szifusilomait idennisnen ladunFouieudy

d & od - ) - o J o = ] - o
fygnuewaenivudy fezwunhilinidanaiamaiu FuniFend anudanmanieoulas
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. - o dl- - 4!‘ oy J d’ -
(Quantization Emor) Aduaaslugudz . 10lauanuAannmfifaduiidusitunaves
J [ L] L -y ; A’ -
mimeoulad Fezhimsudle i1 uasunseassinnuRenaail1d Tasmamudwaua

vosminoulasd

/_/ ANALOG INPUT

— QUANTIZED OQUTPRUY

AMPLITUDE (IME L

h—— ———— S
! ; l\ N \ I 1 - /
NN NN

PREOR

o - 4 a 4 #
zﬂﬂ 2.10 uﬂmﬂ’nuﬂﬂﬂmamﬂﬁ‘uuiﬂﬂﬂ1‘i’ﬂ’lﬂu1ﬂ°l

2.4 nqui)lulnineuininiaed

TuTnsneuInsamedaszga MCs-s1 fimnintuaszganmuuoidsdu usazived
veiliigueruliARiry v1ves1uAnA 1A (YU Timieanusinwludmiwiu Tusunsuuas
ﬂayamulu%ﬂ;ﬁm’fu fsesnlfeud idygnaewnondudsnealuds mnInfuigyg i
Butni T TAnanusiia AT2UIUMT DMA (Direct Memory Access) 121ud2 T3%nians
dmsuldiulnwednTonniinedituiu

Tulnsnoulnsamoiaszga MCS - 51 yawes Musduiios s Tadtunmisdem
daunszua i1 1$ozuandadulunnsiaveanaTuladfl$nmsnda wodves
TulnsnouTnsameiaszqaiifiimadnys C egatenmuues Wy soc31, 80cs1 o
voaFilfinAalavorfunalulad cMos  FeMwdsamlumsmheandesniuazannsa

arugumsldndnuvesddIdnn lsunsudensdszndandsamduszuy
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2.4.1 guominvedtulninoulninnednszgn Mcs-51
o o
2 luTasneu Insameosnlfdfgua 8 fin
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-nmelufimissanusi Tdauasudhuumolayoantoauuas@iou vy 18unss
’ J 1 o o = ]
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112995 TOMIUTOYNIUHULYAGINANT

Avweiianimeivig 16 dastarios 2 &2
-mnTosesfuunasiuiinduani TUATA 6 Yazinn
-munsavnombea i imousniu@ay1Agaga 64 ilalud
-Tnesdutadgygandmegnioiugl

STRELE ﬁam*saqnmuuu SPI miulueynsy AT89Sxx

-inontden Inweslud dimfulueyny AT8ISXx

2.4.2 nidaviveadluinsnouinsamednszga MCs - 51

wihitnr i oudazaivesdy lulnsaeuInsanesTunssga Mcs — 51 Taail

-1 GND (11 20) dnfudeasniiiug

U1 Vee (11 40) dmiudsunastiousidunszuaasivuin 5 1aad (DC 5 Volt)

-uMeia 0 (1132 - 39) i 8 11 HiThuvnidmiumweda 0 vua 8 9a (P0.0 - 0.7) 1
Open Drain Bidirectional Wefafimunsaldaudusunniowiynnesanalal1g Taoninld
sniuSunnneda doalnaam 1 liwsnziaveanednil eseiulineglusausgn
Udevasu (firouz high impedance) wonvinlfamuiluduynnefauds wein o dalflums
andpmiroanuidmiuiu TusunsuuazdoyamuoueniiléauTavdsf meaasada tudd
(A0 - A7) uazlinamdngfunisfudedoyn (0o ~D7) smiasaiinousnszninng

= L.} ] » r- | o
Ay nieemvoya laviirsssyaduniviu
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L
FrOoC] - ToR o RVl
P11 32 an 1 PO.O (ADD
P1.2C]3 a2 PD.1 JAD T
P13 4 A7 [ POD.2 \AD2]
P1.4]5 23 [0 PO.3 AD
P1.5[] & 3tk [ PO.4 ADd
P1s]~” a4 [ PO.5 (ADE)
P1.7LC]S a3 P Pos iaDE:
RSTC] o az @B Po.7 iAD7)
AXDY P3O C]10 a1l [ EA VPP
(TXDy P31 [ 11 a0 [ ALEFRSSG
THTOYy P32 0012 o O PEEN
VNTTYy P33 0013 ZE P27 A5
tTOy P3.48] 14 27 P25 iA14d}
1T1PABC] 15 2s P25 (A13
R P35 ] 16 25 P2.4 (A12)
iRy P37 17 24 I P2.3 iA T 1)
xXTAL2 ] 18 ZZP P22 (A1
XTALYT []19 2 P21 AD)
GMND [ 20 21 P20 A8

717 211 uermadumianvestuIasneuInsimey Mcssi

“esa L (111 - 8) § 8 v1 Wiilundmsuwesa 1 PLo P17 musalFanaiiu
Bumnnioeiynnedaria 1 windeans 1fenududunnnesa dealnandr 1 Wua
azDinvoanednil e Iiinn s high impedance Taullaaesyaswmolu

-y wesa 2 (w1 21 - 28) 1 8 v1 Mfundmsuneda 2 ( P20 - P2.7) vutn 8 fia uuy
Open Drain Bidirectional Weiniiennze Wanduduwmeniynmedadialulg Taomnl4
aihiunnmeda esTnane 1 Tdwsazinvomodatl iedeiu1fuioglumau nigh
impedance uannnz1Fnuthiduyneniynmesaialiugda weda 2 daldamlumsaede
wieanuiidmindu Tdsunsuuazdeyanivueniildie Tavlddmivdinmenmeas aria
Tudiga (A8 - A15) uazihaesnadwaioly

- 3 (¥1 10— 17) 3§ 8 wldfundmTuneda 3 (P3.0— 3.7) awnsoldanui
sunmoniynnesaia 114 mindesmsldanududuynmesa doalnand | Woudazia
wosweiail el dTmouy high impedance Inul¥1395nadnnelu wenvniigaldanly
wiiiiteyAIg L A

¥1 P3.0 1¥5udayanwueniuueynsy
v1p3.1 1¥dsdoyaliimeuenuuueynsu

11P3.2 iudunnineSudygautumes i datiaf o
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- A o’ - - L) t‘
¥1P3.3 iduduyniefudggudumei i aviian |
a - o o o
v1 P3.4 dggnadunmidinnimesvesInwes o
= ¥ o o o
v1 P3.5 dygnadunnifinnimeivesnwes 1
v1 3.6 1dudyganiugumadioudoya Tldaniwanusidmiviiudoya
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A =y Al T 4 1 1] = d 1]
mildauneia 3 lundhifiresinanilezdosInann 1 udasfinfidoans14nou
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-1 RST (11 9) WimiunnTmmrseignesnnwlufiiesudumshiam v ms
A A o 4 a - A o
FwalfiiodudmatinuniaiinTlsuns uiahnuRanaa wedsimsSieasl Mcs - 51
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vitidealivnus 1 ilunaetiantes 2 uuydulufasznhafiveasammesioiaueg la
1 ot 1 - j o i at ' o
dosdedaduniuds 8.2 Alalovu ievhnihingeaind Fawsursdu I Ifao ey
A @ mn A & W [N | [y
n319ua) uazie Itd i emeadisFunondany iaodutudszguin 10 Tulasia
ABUITH 19T RST M Vee
w1 A
-1 ALEFROG (¥130) Hunlfdmiudadggrussnlinisuen ieniugums
unngnupa@Ta TUAA1 (address latch enable) 91aWBYA 0 Tuszniumsandomizoniud
o o a ¥ - 4 14 a ) J ]
dmiuduTdsunsy nIedeyaniouen Unadie lulinsAsdentonusinouen niteseds
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dygrunateonuiArunud 118 vennudosadammed Nl¥aasana Aniusnmuia
AA 4: L) A 1 dcl d' A A T -y ] &
T rwdnnnuiii I 150ue010ul1d vannudnvifiszasnanTmilalussuirdadediy
1 at d 1 .Y H - b
miwanusidmivdudoyaiiogniousndyl uenvinilvt ALE Salddmsunruqumaition
o ‘l 1 o
Tusunsuaalylu EPROM dwfuMcs - 5t weiniimizennudrdmivdeTisunsy
muluhily EPROM
1w A i o
-1PSEN (1129) Wdidgyapaalasdiesudya aoinlusunsuinnily
1 -5 A oy o
M08 0UBNF (program strobe enable) Hp¥UR19uA 10 Tesunsuniouen vitie
»
dafgygrunlasd 2 afiluudazuuyiuleda udluvremadouniesudoyaein
] i 1 o -
wiaeanusimousaniaile 19 Tusunsunnmizonnusidmiufiulusunsunielugve:
- 4
Nifidyguesnuninuil
-1 EAVpp (1 31) dluvidmiv1didon1d Mcs - 51 hmawenTusunsudegaiely

Fd
- P
n3onwuentl Taominuiiidao uzdiu 0 wued I ld Tdsunsue oA LSNP
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Id
Tusunsumuouen minniteomsdu 1 winsdaiwuld Mcs - 51 14 Tdsunsunn
1] 1) - at A L] a
misanusridmiuduTusunsumeludl uazd iy Mcs - 51 Atimigausid iy
» 1]
i T sunsunioludy ensadon i 1&sn Tdsunsufiulundonusinely
) »
31 w3eonTusunsuidu 1 lumisoa nusimouonsudvmiaoiEN du'ld@vanTe
o 1 A 1 r ') - - L]
A iaud ey daulu Mcs -s1 #litmdsanudidmsuduTdsunsumelud IMaeun
Ey 4
faens 1 nieoye
] -y - 3 -y o
471 XTAL 1 (1 19) 1§denTawoaniouen laadluduwndigrinsesadamimos

-41 XTAL 2 (11 18) 19aen3 amoaniousn Tauthueviyneensiniseseadaimned

243 Emnddideyn
LA 3 o]

ddefi l¥nruguasiaivas Mcs - 51 fimealszinnfie Mdanidesnisdaynun
[ ] 4 o o 4 L] = 8 J ‘J
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ad ) P 1
Flunsdfiadoyaldnarwitdail

imsifisdoyalauasy (direct addressing)

Ainmsdifsdoyalaomadon (indirect addressing)

Aimudtedoyaluitamed 19amnta 1y (register instructions)

ey ¥ 4 3 aa 4 - u . P .

=13 msmnwaga'luwmﬂm MMITVDIAIR KT (register — specific instructions)

FimadideyafidmumoaTaunse (immediate constants)

»
=]

Atmadhdedoyanilid2%81959 (indexed addressing)

& d a ]
2.4.4 MSFBUABNEATOUYNINYOINDUR NN
3 L4 ar m o 9 A
mildnuneaioynsuvesuInsnouTnsames Mcs-s1 dnflunidlumsdadome
4 & oy L] = ] J h
uannlduuiuneuRuaeiiumneasnoufiuresudiisannsesiudgygiuves Rs-2321
»
g as ! d a4 L] -
sxdvdand: 3fex12v luvasiszdudygravedlulnneuInsamedioglussdufifiuen
»
AniudsliaunsodeusonsaioynsuvadlulasaouTnyames Mcs-s1 18lauasadedes

1 1 < i d Qf o
ofomdensorn ledAms v lunmunlasdudyge
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1|
"
R 32 4TI 20

r \ . -
a1z uﬁmawsﬁiﬂunaMAX232n?aICL23211’1’1nuwa¥naqnsuumﬂaummﬂ{

nazlulnsnoulvsaaes

245 mm{n'}md'mﬁmﬁ'u I'C
PC 6831970 Inter-IC  Communication M1683 M1sAndedomsszniisledlay
el Pc'lﬁé"fumiﬁ‘muvi‘fuTﬁuﬁEﬂﬁ(?hilip)ﬁwimjwmun5nﬁaﬁmmﬂﬁ1ﬁn?ﬂuaﬂ
mnseade daa aznruqumeldyga 2 du ifunilsite medoyn Sndunilide
mudygunAm Al lumssmuaiimazamsiiou miresufuussgUnrsivutia re ¥
TRéwun Mesremodygudoyaunzmudygnannfnwesqinsalusasivuunionis
full dumsdimuanesias anfedumisd mivAadoqlniaiudazd sz 19iadeyaun:
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i o 4 y 1 o
117 2.14 umasdairRamIdoudevesgUnstimsquuszuuta

modoyauutin rcideiSonodrailumaniad medeyaeynrunie SDA(Serial
Data Line)dousodggmuuiamiiedond modgygrauuifnieyniunie SCL (Serial
Clock Line) 1.ufniaimuda'lﬂf':m%ﬂmuﬂqm1m1*fmarh 71 SDA 1ag SCL

Tugiliiz.i4 uasdwesmsdenaoginsalninquutin Peedin & hgunsalfivh
mydoudouutin 1 nannateliheniiuleSvuiunesadunaierdnm (VO Expanden),
ToFuasdgygraonmeniudsasa (ADC) nazulnadyguaiaeaiivewinenAc),

To#3a TmindenRTC), lodtuTuga LCD, mizsanuionsou uazlulnsroulnsnmes

1. puuridlaoita I ve sl 1°c
mo SDA uay SCL Wumudnyeiar 2 fiem1a (bi-directional line) ApaTNIIADAY
w | o A a Ay 1 -1
Fumuyadifunsdu +5v Vnaeana tiolieulinnizasingeluvaus i luiimsdade
3 o« 1 o = = : o

auidisunumsflesfudygraruniunenidunlumodygruiires 2esiodyn
yosgqunsahaseguuila PC Aeslidnvuzilulsesiasuila (open-drin) v3oneaianimod
11lA (open-collector)
gaimImiemeadeyavutia EC gaia 100 flailadedu1Rlulnualnd (standard mode) uaz
qanada 400 filadiadeTuAluTnuan s aga (fast mode) gUnTalfdnT meguULTY PC

U i Pl J T L]
whosliimnnuy M ufiiadussndieme SDA uae scL iy 400pF madhdegunsel
vute EC 1deyadmiumadifa 2 fifle 7 i (7-bit addressing) %30 10 fla  (10-bit

addressing)
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fomuBndszmaniliwesin rc Aemminidendequnsdl i induslimduld
susodndonsfuld Taogunssiuuda rC Fantien i nEus +5v uvazBadonitald
Midus +12v mides e rC amnran IR udnyasidoadufunsdine 2 14
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voagUniniuadrdesreddrummiaynsufuv SDA iz SCL Fundi Rs Aouroihgile I2c
Avgul 2.14
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i L. A ot 4 Y
UM 2.15 urasmIAeAIRIUN U Rs iNpandgguIun e Ing e an utieec

2. niinmaveals I*C
w o o o ’ ad
tiarrclssnoudomodiygu 2 du San1dna1uudafio SDA uag sCL qunsai
»
Aev VUl Il Wnmne dniudsdimafmuagduuuvesmsdmmuauuia nie
1 A T J - 1 L] o
Foni1 TlsTanoa (protocol) tiie IAlFnuNI 1w viziiginisiladadony uazqiniaida
o W - ¥ ] -ﬂ' = o o -:I. = o JA ¥ r «
ladludrsunodads deluflezafunednuaiznihil nazinuvesdiglniaindesyuniia
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{ A 1 1 o L
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< < - " w W o
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fluddafivieisde
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1 Introduction

1.1 Description

The TAS3I004 device is a system-on-a-chip that replaces conventional analog equalization to pearform digital
parametric equalization, dynamic range compression, and loudness contour. Additionally, this device provides
high-quality, soft digital volume, bass, and treble control. All control parameters are uploaded through the I2C port
from an outside MCU through the I2C slave port or from an external EPROM through the I2C master port.

The TAS3004 device also has an integrated 24-bit stereo codec with two 12C-selectable, single-ended inputs per
channel.

The digital parametric equelization consists of seven cascaded, independent biquad filters par channel. Each biquad
filter has five 24-bit coefficients that can be configured into many different filter functions (such as bandpass, high
pass, and low pass).

The internal loudness contour algorithm can be controlled and programmed with an 12C command.

Dynamic range compression/expansion (DRCE) is programmable through the 12C port. The system designer can set
the threshold, energy estimation time constant, compression ratio, and attack and decay time constants.

The TAS3004 device supports 13 serial interface formats (I12S, left justified, right justified) with data word lengths of
16, 18, 20, or 24 bits. The sampling frequency (fg) may be set to 32 kHz, 44.1 kHz, or 48 kHz.

The TAS3004 device uses a system clock generated by the internal phase-locked loop (PLL). The reference clock
for the PLL is provided by an external master clock (MCLK) of 256fg or 512fg, or a 256fg crystal.

The TAS3004 device has six internally configurabla general-purpose input (GPI) terminals that control volume, bass,
treble, and aqualization. Each GP! terminal has a debounce algorithm that is programmed into the TAS3004 internal
microcontroller.

1.2 Features

s Programmable seven-band parametric aqualization

e Programmabie digital volume control

« Programmable digital bass end trable control

« Programmable dynamic range compression/expansion (DRCE)
¢ Programmable loudness contour/dynamic bass control

« Configurabie seriel port for audio data

e Two input data channels that can be mixed with digital data from the analog-to-digital converter (ADC) of
the codec (analog input). These channels are controlied by 12C commands.

s Three output data channels: Left and right data go through equalization; bass, treble, DRCE, and volume
to SDOUT1; SDOUT2 mixes ieft and right data. SDOUT2 operates as a center channei or subwoofer
channel. The output of the ADC is available for additional processing.

e Capability to configure ADC output to one of two monaural data streams or one stereo data stream
« Capability to digitally mix left and right input channels for a monaural output to facilitate subwoofer operation
« Serial I2C master/siave port that allows:

-~ Downloading of control data to the device externally from the EPROM or an i2C master

1-1



1-2

— Controlling other 12C devices

Two 12C-selectable, single-ended analog input stereo channels

Equalization bypass mode

Single 3.3-V power supply

Powerdown without reloading the coefficients

Sampling rates: 32 kHz, 44.1 kHz, or 48 kHz

Master clock frequency, 256fg or 512fg

Can have crystal input to replace MCLK. Crystal input frequency is 256fg.

Six GP1 terminals for volume, bass, treble up/down control, mute, and selection of equalization filters



1.3 Functional Block Diagram

;$ VCOM
><> AOUTL
GPIS 3
GPI4 O—p] E > :‘lb AOUTR
GPI3 O—P 5 » 2481t |
GPI2 O—p] Sterao DAC |
GPI ¢>—> |
|
GPIG O
|
i L+R + N Sl-;ORUTZ
| o
cs1 E *> 32-Bit Audio Signal :
SDA é! E > Processor |
SCLO4pf ©
i 8DOUTH
l 1
> 32-Bit Audlo Signal > i
PWR_DN L | R Ly Pracessor |
RESET O— !
TEST O— |
SDATA |« 0SC/CLK
> Control Select » PLL :
{

CAP_PLL

Figure 1-1. TAS3004 Block Diagram
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1.4 Terminal Assignments

PACKAGE
{TOP VIEW)
- o E
0% 3L g5 ZE
ZZZpyyZZLLG OO
Sdd>><ITE IS
o v | e e §omiin § oo | om | 311 [| |}
44 43 38
LINA L1 36 [INC
Vet L2 35 1] AVpp
AVssrer) U3 34 [INC
AV 33 || GPIS
INPA []5 32 || GPI4
RESET Lis 31 L] GPI3
cs1 - 30 || GPI2
PWR_DN |18 29 || GPI1
TEST Us 28 || GPIO
CAP_PLL []10 27 1] ALLPASS
CLKSEL ||t 26 || SDOUT1

MCLKO []12 25 || SDOUTO

[~

XTALYMCLK ]

Figure 1-2. TAS3004 Terminal Assignments

1.5 Terminal Functions

Table 1-1. TAS3004 Terminal Functions

TERMINAL

NAME NO. o DESCRIPTION
AINLM 46 b ADC isft channel analog input {anti-alias capacitor)
AINLP 47 i ADC left channel analog input (anti-alias capachor)
AINRM 43 t ADC right channel analog input (anti-alias capacitor)
AINRP 42 | ADC right channel analog input {(anti-alias capacitor)
ALLPASS 27 | Logic high bypasses aqualization filters
AQUTL 39 0 Left channel analog output
ACUTR 7 0 Right channel anaiog output
AVDD 35 1 Analog power supply (3.3 V}
AVgg 4 1 Analog voltage ground
AVSS(REF) 3 l Analog ground voltage reference
CAP_PL.L- 10 ] Loop Filter for intemai phase-locked loop (PLL)
CLKSEL 1 I Logic low selects 256fg; logic high selects 512fg MCLK
CS1 7 I }12C address bit AO; iow = 68h, high = 6Ah
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Table 1-1. TAS3004 Terminal Functions {Continued)

TERMINAL
NAME NO. o DESCRIPTION

DVpp 17 | Digital power supply (3.3 V)

DVss 18 | | | Digital ground

GPID 28 | Switch input terminals

GPI 20

GPI12 30

GPI3 31

GPHY 32

GPI5 33

IFMIS 21 ] Digital audio YO control {low = input; high = cutput}

INFA 5 0 Low whan analog Input A is seiactad (will sink 4 mA)

LINA 1 I Laft channal analog input 1

LINB 48 | Left channel analog input 2

LRCLK/O 19 | VO | Leftiright clock inputioutput (output when IFM/S is high)

MCLKO 12 0 MCLK output for slave devices

NC M4 No connection; Gan be used as a printed circuit board routing channel
NC 36 No connection; Can be used as a printed circuit boeard routing channel
PWR_DN 8 t Lagic high places the TAS3004 device in power-down moda
[RESET 6 || Logic low resets the TAS3004 device 1o the Initlal state

RINA 40 i Right channel analog Input 1

RINB 41 | Right channel analog input 2

SCL 15 YO | 12C dock connection

SCLK/O 20 | WO | Shift (bit) clock input {output when IEWIS is high)

SDA 16 | 1O |I12C data connection

SDIN1 22 | Serial data input 1

SDIN2 23 | Serial data input 2

SDOUTH 26 0 Serial data output (from intemal audio processing)

SDOUT2 24 0 Serial data output (& monaurel mix of left and right, before processing)
SDOUTO 25 0 Saerial data output from ADC

TEST 9 1 Reserved manufacturing test terminal; connect to DVgg

VCOM 38 0 Digital-to-analog converter mid-rail supply (decouple with parallel combination of 10-uF and 0.1uF

capacitors}

VREFM 45 ! ADC minus voliage reference

VREFP 44 | ADC pius voltage raference

VRFILT 2 0 Voltage reference low pass fitter

XTALIMCLK 13 | Crystal or external MCLK input

XTALO 14 | Crystal input (crystal is connected betwean terminals 13 and 14)
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2 Audio Data Formats

2.1 Serlal Interface Formats

The TAS3004 device works in master or slave mode.

In the master mode, terminal 21 (IFM/S) is tied high. This activates the master clock (MCLK) circuitry. A crystal can
be connected across terminals 13 (XTALI/MCLK) and 14 (XTALO), or an external, TTL-compatible MCLK can be
connected to XTALI/MCLK. In that case, MCLK outputs from terminal 12 {(MCLKO) with terminals 19 (LRCLK/O) and
20 (SCLK/Q) becoming outputs to drive slave devices.

In the slave mode, IFM/S is tied low. LRCLK/O and SCLK/O are inputs and the interface operates as a slave device
requinng externally supplied MCLK, LRCLK (left/right clock), and SCLK (shift clock) inputs. There are two options
for selecting the clock rates. If the 512fg MCLK rate is selected, terminal 11 (CLKSEL) is tied high and an MCLK rate
of 512fg must be supplied. If the 256fg MCLK is selected, CLKSEL is tied low and an MCLK of 256fg must be supplied.
in both cases, an LRCLK of 64SCLK must be supplied.

* MCLK and SCLK must be synchronous and their edges must be at least 3 ns apart.
= [ the LRCLK phase changes more than 10MCLK, the codec automaticaily resets.

The TAS3004 device is compatible with 13 different serial interfaces. Available interface options are 125, right justified,
and left justified. Table 2-1 indicates how the 13 options are selected using the I12C bus and the main control register
(MCR, I2C address x01h). All serial interfaca options at either 16, 18, 20, or 24 hits operate with SCLK at 64fg.
Additionally, the 16-bit mode operates at 32fg.

Table 2-1. Serial Interface Options

MODE | MCRBIT(6) | MCREIT(3-4) | MCRBIT (1-0} SDIN1, snmz,s S-E::)?JET:TQIEJ%ZA!%?AND SDOUTO
] 0 o0 00 16-bit, left justified, 32fg
1 1 00 00 16-bit, left justified, B4fg
2 1 01 00 16-bit, right jusUfied, 64fg
3 1 10 00 16-bit, 125, 64fg
4 1 00 01 18-bit, left justified, B4fg
5 1 01 o1 18-bit, right justified, 64fg
6 1 10 01 18-bit, 128, B4fg
7 1 00 10 20-bit, lefl justified, 64ig
8 1 01 10 20-bit, right justified, 64fg
9 1 10 10 20-bit, I¥S, 64fg
10 1 00 17 24-bit, lefl justified, 64fg
il 1 01 H 24-bit, right justified, 64fg
12 1 10 11 24-bit, 125, 64ig

Figure 2—1 through Figure 2-9 illustrate the relationship between the SCLK, LRCLK, and the serial data /O for the
different interface protocols.



2.2 ADC Digital Output Modes

ADC digital output mode (SDOUTO) has two operational modes, normal and monaural. In the normal mode, the
output of the ADC conforms to the output modes described in Sections 2.2.1 through 2.2.3. To enter the normal output
mode, bit 7 {ADM) in the analog control register must be cleared to 0. In the monaural output mode, the digital output
of the ADC conforms to the output modes described in Sections 2.3.1 through 2.3.6. To enter the monaural mode,
bit 7 (ADM) in the analog control register must be set to 1.

2.2.1 MSB First, Right-Justified Serial Interface Format—Normal Mode

The normal output mode for the MSB first, right-justified senial interface format is for 16, 18, 20, and 24 bits with bit 7
(ADM) in the analog control register clesred to 0. Figure 2-1 shows the following characteristics of this protocol;

» Left channel is transmitted when LRCLK is high.
* The SDIN(s) (recorded) data is justified to the trailing edge of the LRCLK.

* The SDOUT(s) MSB (playback) data is transmitted at the same time as LRCLK edge and captured at the
nexi rising edge of SCLK.

¢ [fLRCLK phase changes by more than 10MCLK, the codec automatically resets.

LRCLK =15 | |—

Left Channel Right Channel
Figure 2-1, MSB First, Right-Justified Serial Interface Format—Normal Mode



3 Analog Input/Output

The TAS3004 device contains a stereo 24-bit ADC with two single-ended inputs per channel. Selection of the A or
B analog input is accomplished by setting a bit in the analog control register (ACR) by an {2C command. Additionally,

the TAS3004 device has a stereo 24-bit digital-to-analog converter (DAC).

3.1

Analog Input

Figure 3-1 shows the technique and components required for analog input to the TAS3004 device. The maximum
input signal must not exceed 0.7 Vimg. Selection of the above component values gives a frequency response from

20 Hz to 20 kHz at a sampling frequency of 48 kHz without alias frequency problems,

3.2

3.2.1

1200
Al pF - AINRP
ll hd
0.47 uF i O AINRM
1 A ! RINB
b
047 uF
1200 pF
A _ AINLP
0.47 uF | 4 O AINLM
4 N o LINA
1 )Y /l .. LINB
118 ~
0.47 pF

@ Analog Inputs - tse 0.47 F for 20-Hx Cutoff

@ Anti-Alias Capacitors for fg = 48 kHz

@ Tie unused anaiog inputs to analog ground through 0.1-F capacitors.

Figure 3—1. Analog Input to the TAS3004 Davice

Analog Output

Analog Qutput

Input Select Command
From IMemai Controtler

The full scaie analog output from the TAS3004 device is 0.7 V. It is referenced to VCOM which is approximately

1.5 Vdc. VCOM must be decoupled with the network as shown in Figure 3-2.

3



Analog Output
(Adjust Capacitors for Deslred
Low Frequancy Response)

2481t VCOM
ol

10 uF 0.1 u¢¥
AOUTL g

= AGND
!._

Figure 3-2. VCOM Dscoupling Network

3.2.2 Analog Output With Gain

Since the analog output from the TAS3004 device is 0.7 Vims, the output ievel can be increased by using an extemnal
ampilifier, The circuit shown in Figure 3-3 boosts the output level to 1 Vimg (when it has a gain of 1.414) and provides
improved signal-to-noise ratio (SNR). Since this circuit lowers the noise floor, THD + N is improved also.

Analog Qutput
{Adjust Capaciors for Desired
AO:.IITR Low Frequency Responsa)
Il
¢ /
TLV2362
c3 Equilvalent
24-B1t VCOM i . or Equ
DAC . l ki
10 uF 0.1 pF
I +3 Op Amp/2
AOUTL L AGND Op Ampi2 .
Al A
i 7
C2
C1=Ca=C3
Cy=Cyg

TLVZ2362
or Equilvaient

+5 Op Amp/2
Figure 3-3. Analog Output With External Amplifier
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3.2.3 Reference Voltage Filter

Figure 3—4 shows the TAS3004 reference voltage filter.

TAS3004

0.1 oF
|
7
1uF
[+
i \
L 0.1 pF
i
y) »
] [+
=
s ®
o
>
VREFP E—J

Figure 3—4. TAS3004 Reference Voltage Fliter
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4 Audio Control/Enhancement Functions

4.1 Soft Volume Update

The TAS3004 device implemsents a Tl proprietary soft volume update. This feature allows a smooth and
pleasant-sounding change from one volume level to another over the entire range of volume control (18 dB to mute).

The volume is adjustable by downioading a 4.16 gain coefficient through the I2C interface. Table A-5 lists the 4.16
coefficients converted into dB for the range of —70 dB to 18 dB with 0.5-dB step resolution.

Right and left channel volumes can be unganged and set to different values. This feature implements a balance
contral,

Voiume is changed by writing the desired value into the volume control registers. This is done by asserting the GP!
terminals for volume-up or volume-down for a limited range of volume control. Alternately, volume control settings
can be sent to the TAS3004 device over the 12C bus.

4.2 Software Soft Mute

Mute is implemented by loading all zeros in the volume control register. This causes the voiume to ramp down over
a duration of 2048fg samples to a final output of 0 (~ infinity dB}.

Soft mute can be enabled by either asserting the mute GP} terminai or sending a mute command over the 12C bus.

4.3 Input Mixer Control

The TAS3004 device is capable of mixing and multiplexing three channels of serial audio data. The mixing is
controlled through three mixer control registers. This is accomplished by loading values into the comresponding bytes
of the mixer left gain (07h) and mixer right gain (08h} control registers.

The values loaded into these registers are in 4.20 format—4 bits for the intager and 20 bits for the fractional part.
Table A-8 lists the 4.20 numbers converted into dB for the range of -70 dB to 18 dB, although any positive 4.20
number may be used.

To mute any of the channels, Os are loaded into the respective mixer contral register.

Mixer controls are updated instantly and can cause audible artifacts for large changes in setting when updatad
dynamically cutside of the fast load mode; therefore, it is desirable to use fast load in conjunction with the soft-volume
mode.

SDIN1, SDIN2, and the ADC output can be mixed with a user-selectable gain for each channel. The gain controi
registers are represented in 4.20 format.
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Left Channel Mix Coefficients
—
12C Register Address 08h SDIN1 * SDIN2 * ADC

= {3) 24-Bit Left Mix Coefficlent

SDIN1_L

SDIN2_L 7 Biquad

Filters —p{ Tone P

aoc L N

\

SDOUTH

SON2.R 7 Blquad Tona |—P- Vfl:fr:n
DRCE
R_SUM
12
NG N L + R_SUM SDOUT2 _
» »
L7, \L/

Right Channel Mix Coefficlents
—_—
12C Register Address 07h SDIN1 * SDINZ 4 ADC

= (3) 24-Bit Right Mix Coefficlent
Figure 4-1. TAS3004 Mix Function

4.4 Mono Mixer Control

The TAS3004 device contains a second mixer that performs the function of mixing left and right channel digital audio
data from the input mixer in order to derive a8 monaural channel. This mixer has a fixed gain of -6 dB so that full scale
inputs on L_sum and R_sum do not produce clipping on the resulting L+R_sum.

The output of this mixer is present on terminal 24 (SDOUT2) and is generally used for a digitally-mixed subwoofer
or center channel application.

4.5 Treble Control

The treble gain level may be adjusted within the range of 15 dB to —15 dB with 0.5-dB step resolution. The level
changes are accomplished by downloading treble codes (shown in Appendix A) into the treble gain register.
Alternately, a limited range of treble control is available by asserting the GP| terminals.

The treble control has a comer frequency of 6 kHz at a 48-kHz sample rate.

The gain values for treble controi can be found in Section A.3.
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4.6 Bass Control

The bass gain level can be adjusted within the range of 15 dB to —15 dB with 0.5-dB step resolution. The level changes
are accomplished by downloading bass codes (shown in Appendix A} into the bass frequency control register.
Alternately, a limited range of bass control is available by asserting the GPI terminals.

Bass control is a shelf filter with a comer frequency of 250 Hz at a 48-kHz sample rate.

The gain values for bass control can be found in Section A.4.

4.7 De-Emphasis (DM)

De-emphasis is implemented in the DAC and is software controlled. De-emphasis is valid at 44.1 kHz and 48 kHz.

To enable de-emphasis, values are written into the analog control register via the 12C command. See Section 4.8 for
analog control register operation.

Figure 4--2 illustrates the frequency response of the de-emphasis mode.

Responss (dB) -—\ De-Emphasis

3.18 10.8
{50 us) (15 s}

Frequency (kHz}
Figure 4-2. De-Emphasls Mode Frequency Response



4.8 Analog Control Register Operation

The analog control register (ACR) allows control of de-emphasis, selection of the analog input channel to the ADC,
and analog power down.

An 12C master is required to write the appropriate command into the ACR. The ACR subaddress is 0x40.

Bit 7 8 5 4 3 2 1 0
Type RW IRW |RW | RW | R'W | RW | RW | R'W
Defauit 0 0 0 0 0 0 0 0

Table 4-1. Analog Control Register Description

BT FIELD NAME TYPE DESCRIPTION
7 ADM RAW | ADC output mode.
0 = Normal operstlon
1 = A inputs are nommal; B inputs are monaural.
6 LRB RW | Selects ieft or right B input for monaural output.

0 = B lefl input selacted for monaural ADC output when bit 7 (ADM) is set to 1.
1 = B right input selected for monaurat ADC output when bit 7 (ADM} is set to 1.
Rasarved. Bits 5 and 4 retum Os when read.
De-emphasis control.
00 = De-emphasis off (initial condition after reset)
01 = 48 kHz sample rate de-emphasis selacted
10 = 44.1 kHz sample rate de-emphasis selected
11 = Reserved
1 INP RAW | Analog input select.

0 = LINA and RINA sslected (inftial condition after raset)
1 = LIND and RINB selecied

0 APD R/W | Analog powerdown.

0 = Normal operation (initial condition after reset}
1 = Powardown

54 RSVD
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4.9 Dynamic Loudness Contour

The necessity for applying loudness compensation to playback systems to compensate for the fact that the ear
perceives bass and treble less audibly at low levels than at high ones has baen established with the first data
published by Fletcher and Munson in 1933.

Thers are many equaHoudness contours in publication, like Steven's contours, Robinson and Dadson contours even
reached the acceptancs level of ISO recommendation.

The TAS3004 device has a simplified loudness contour algonthm that diminishes the effect of weak bass at low
listening levels. Since contour has volume level dependency, the user must define the relation between the gain of

the contour circuit and the volume level,
Veluma »E}——»

Figure 4-3 is a block diagram of this circuit.

Biquad

Figure 4-3. Block Diagram
The loudness contour is activated by sending an activation command via 12C from an external device. Optionally, a
contour gain command can be sent by an extemnal device to provide tracking with the system'’s volume controi.

4.9.1 Loudness Biquads

{ oudness biquad fitters for the left and right channsls are independently programmabls via I2C. Their subaddresses
are 0x21 and 0x22, respectively. The digitel filters are written as five 24-bit (4.20) hex coefficients for each channel.

4.9.2 Loudness Gain

Loudness gain vaiues for the left and right channels are independently programmable via 12C. Their subaddresses
are 0x23 and 0x24, respectively. The gain values are written as one 4.20 hex coefficient for each channel.

4.9.3 Loudness Contour Operation

When the frequency of the loudness contour is determined, a digital filler must be developsd. Then, the gain of the
filter is detarmined. These values are pilaced in the storage area of the system controller (microcontroller) and sent
to the TAS3004 device when it is desired to activate the loudness contour.

If it is necessary to change the frequency or gain of the contour, new gain and filter coefficients are sent by the system
controller. This function is performed normally when the volume control is changed (that is, more volume, less
contour). The gain of the loudness contour filter then tracks the volume control.

The loudness contour biquad fllters are provided in addition to the seven equalization biquad filters.

See Saction A.6 for programming instructions.



4.10 Dynamic Range Compression/Expansion

The TAS3004 device provides the user with the ability to manage the dynamic range of the audio system. The DRCE
receives data, and affects scaling after the volume/loudness block. As shown in Figure 4—4, the DRCE is applied after
the volume/loudness control block as a DRCE scale factor. The DRCE must be adjusted such that the signat does
not reach the hard limit value. However, if the signal does reach the maximum digital value, the saturation logic serves
as a hard limiter that does not allow the signai to extend beyond the available range.

Lowdnoss
{Parametric
{Laft Channal Mixer) Equalization} (Tone)
SDIN1 L (DRCE Scaling)
——%"[ "\ LEFT_SUM 7 Bass/ Soft Saturation |LEFT_OUT
: —| 2d Order > LEFT_ouT
SDIN2_L _/ IR Filtors Trebie Volume/ Logic
A A
ANALOGIN_L
- Dynamic
{Analog in From ADC) Range
Contral
ANALOGIN_R
SONIR Y ciGHT_sum 7
\ T znd{O)rdor o ] Basa/ Soft  Saturation RIGHT_OUT
SDINZ2_R E J iR Filters Treble Volume/ Logic
{Right Channel Mixer) (Parametric (Tone) (DRCE Scaling)
Equallzation)

Lowdness

Figure 4—4. TAS3004 Digital Signal Processing Block Diagram

The DRCE instruction consists of eight bytes that must be sent each time in the order shown in the example code
of Table A~8. Each instruction downioaded must be eight bytes. If only one byte is changed, all eight bytes must be
transmitted. The first two bytes remain the same for every instruction, however the last six bytes can be programmed
using hexadecimal values from the comresponding tables referred to in Section A.7.

With high compression ratios and fast attack times available, this function is suited for a commercial killer in a
telavision set application.

4.11 AlliPass Function

This function is enabled by setting terminal 27 (ALLPASS) on the TAS3004 device to 1. When asserted, the intemal
equalization filters are set into AliPass (flat) mode. When this terminal is reset to 0, the equalization filters are retumed
to the equalization that was in use before the terminat was asserted.

In AllPass mode, the bass and treble controls are still functional.

This function is frequently used for headphones. When the headphone plug is inserted into its jack, a switchad contact
in the jack enables the AllPass function.

The AllPass function also can be activated by writing a 1 to bit 2 of the analog control register.



4.12 Main Control Register 2 (43h)

The TAS3004 devica contains twa main control registers: main controf register 1 (MCR1) and main control register 2

(MCR2). The MCR2 contains the bits associated with the AllPass function and the download of bass and treble control
information, and it is accessed via 12C with the address 43h.

MCR2 (43h)
BH b7 | b6 | b5 [ b4 [ b3 | b2 | M b0
Type RW | R R R R R |RW| R
Default 0 0 0 % x X 0 0
Table 4-2. Main Control Register 2 Description
BIT

DESCRIPTION
0 = Normal operation (initial condition after raset)
1 = Download bass and treble
Reserved. Bits b6 and b5 retum 0s when read.
Undsfined.

b

0 = Normal operation {initlal condition after resel)
1 = AliPass mode (bass and treble are still functional)
Resarved. Bit b0 retums 0 when read.

TYPE
b7 R
R
R
R/WY
R
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5 Filter Processor

5.1 Biquad Block

The biquad block consists of seven digital biquad filters per channel organized in a cascade structure, as shown in
Figure 5-1. Each of these biquad filters has five downloadable 24-bit (4.20) coefficlents. Each stereo channel has
independent coefficients.

1 Biqued 1 1 Biquad 2 ... p1 BlguadN oy

Figure 5-1. Biquad Cascade Conflguration

5.1.1 Filter Coefficients

The filter coefficients for the TAS3004 device are downloaded through the 12C port and loaded into the biquad memory
space, Each biquad filter memory space has an independent address. Digital audio data coming into the device is
processed by the biquad biock and then converted into analog waveforms by the DAC. Altemnately, filters can be
loaded by asserting terminals on the GPI port.

5.1.2 Biquad Structure
The biguad structure that is used for the parametric equalization filters is as follows:

by + b,z 1+byz—2

-1 -2
ag+a2” " +ayz M
NOTE: agis fixed at value 1 and is not downloadable.

The coefficients for these filters are represented in 4.20 format—4 bits for the integer part and 20 bits for the fractional
part. In order to transmit them over 12C, it is necessary to separate each coefficient into three bytes. The upper 4 bits
of byte 2 is the integer part, and the second nibble of byte 2, byte 1, and byte 0 are the fractional parts.

The filters can be designed using the automatic loudspeaker equalization program (ALE) or a script running under
MatLab named Filtermaker. Both of these tools are available from Texas Instruments.
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6 12C Serial Control Interface

6.1 Introduction

Control parameters for the TAS3004 device can be loaded from an 12C serial EPROM by using the TAS3004 master
interface mode. If no EPROM is found, the TAS3004 device becomes a slave device and loads from another 12C
master interface. Information loaded into the TAS3004 registers is defined in Appendix A.

The 12C bus uses terminals 16 (SDA for data) and 15 (SCL for ciock) to communicate between integrated circuits in
a system. These devices can be addressed by sending a unique 7-bit slave address plus R/W bit (1 byte). All
compatible devices share the same terminals via a bidirectionai bus using a wired-AND connection. An external
pullup resistor must be used to set the high level on the bus. The TAS3004 device operates in standard mode up to
100 kbps with as many devices on the bus as desired up to the capacitance load limit of 400 pF.

Furthermore, the TAS3004 device supports a subset of the SMBus protocol. When it is attached to the SMBUS, then
byte, word, and block transfers are supportad. The SMBus NAK function is not supported and care must ba taken
with the sequenca of the instructions sent to the TAS3004 device.

Additionally, the TAS3004 device operates in either master or slave mode; therefore, at least one device connected
to the I2C bus must operate in master mode.

6.2 12C Protocol

The bus standard usas transitions on SDA while the clock is high to indicate start and stop conditions. A high-to-low
transition on 3DA indicates a start and a low-to-high transition indicates a stop. Normal data bit transitions must occur
within the low time of the clock period. Figure 6—1 shows these conditions. These start and stop conditions for the
12C bus are required by standard protoco! to be generated by the master. The master must also generate the 7-bit
slave address and the readfwrite (RW) bit to open communication with another device and then wait for an
acknowledge condition. The slave holds SDA low during acknowledge clock period to indicate an acknowledgment.
When this occurs, the master transmits the next byte of the sequencs.

After each 8-bit word, an acknowledgment must be transmitted by the receiving device. There is no limit on the
number of bytes that can be transmitted between start and stop conditions. When the last word transfers, the master
generates a stop condition to release the bus. Figure 61 shows a generic data transfer sequence.

= =
! 7-Bit R/| o | 8BltRegisterData | , | 8-BiReglstarData | , | 8-BRegistorData | L

SDA | [ Slave Address | W for Address (N) for Address (N} for Addreas (N+1) l |
| =T L
| I {{ £L [{ L | 1
| 1O e 76 JTrJlefldliloel Triel qiTol T7lel qilol 1 | i
I | 13) 1] 1] 1] | l

scL | |||||l|”|||[llIIHlI“LJLJL.ILiLILI"’LILILlUULl'”UUUUI |
|| L
Start Stop

Figure 6-1. Typical I2C Data Transfer Sequence
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7 Microcontroller Operation

The TAS3004 device contains an internal microcontroller programmed by Texas Instruments to perform
housekeeping and interface functions. Additionally, it handles 12C communication and general purpose input
functions.

7.1 General Description

The microcontroller uses a 256fg system clock and can access up to BK bytes of memory. It interfaces with the digital
audio interface 12C master/slave for downloading data and coefficients. It also interfaces with two intemal DSPs for
transferring coefficients and other information.

The TAS3004 coefficients are loaded through I2C in the master or slave mode. Standard audio processing functions
{volume, bass, and treble) can be controlled/activated through external switches connected to the six GPI terminais.
Upon reset, the internal microcontroller sets all coefficients and audio parameters to the default values. See
Section 7.2.2 for defauit values.

If the TAS3004 address is 68h (ADDR_SEL=0), it bacomes the bus master device and attempts to load parameters
and coefficients from the external EPROM. If no EPROM is present, the TAS3004 davice ramains in its default
condition. If addresses other than 68h/69h are set, the TAS3004 device only operates as an 12C siave device.

If the microcantralier determines the TAS3004 device has an I2C address of 68h/69h and the EPROM is present, the
microcontrolier downloads coefficients from the EPROM. Once the download is complete, it enables the serial audio
in the mode defined by an 12C write to the MCR to transfer data into and out of the device. Before reading the EPROM,
the senial audio port defaults to 12S mode.

The TAS3004 device allows the user to update volume, bass, and treble dynamically by an 12C slave command or
by a simple GPI switch input. The GPI can select volume up and down, bass/trable up and down, or digital
aqualizations. Up to five different equalizations (that is, flat, jazz, rock, voice, etc.) can be stored in the axternal
EPROM. Also, DRCE, MCR1, MCR2, and loudness contour are enabled and disabled by I2C.

When the TAS3004 device operates in the |2C master mode, it echoas changes to all of its functions to other 12C
addresses that are defined in its externai EPROM. If no addresses are defined, it does not echo.

7.2 Power-Up/Power-Down Reset

7.21 Power-Up Sequence

An active low on terminal 8 (RESET} while MCLK is running, resets the internal microcontroller and DSP(s). RESET
synchronizes internally and can be asserted asynchronously or with the simple RC circuit in Figure 7-1. On reset,
SCL and SDA go to a high-impedance state. If the 12C address is set to 68h, approximately 400 ps after RESET
retums to a 1, the device sends a one-byte query via 12C to look for an EPROM. if an EPROM is found, it becomes
an 12C master; otherwise, it becomes an I12C slave. When using address 68h in the slave mode, an extemal master
must wait until after the EPROM query or else bus contention and improper operation occurs.

12C address x6Ah does not query the bus for an EPROM. The address for the EPROM is xACh.

7.2.2 Reset

The TAS3004 device has an asynchronous reset terminal (RESET). This reset is synchronized with various clocks
used in this device to generate a synchronous intemal reset. Upon reset, the TAS3004 device goes through the
following process:

¢ Clears all the RAM memory content



« Clears all the registers in the circuits

» Purges the codec

= Selects analog input A (RINA and LINA) and sets the input A active indicator (INPA) low.
= Initializes the equalization parameters to AllPass filters

» Sets the digital audio interface to 125—18-bit mode

« Sets the bass/treble to 0 dB

» Sets the mixer gain to ¢ dB SDIN1 and mutes both SDINZ and analog-in

o Sets the volume to -40 dB

» Turns off ali enhancement features (DRCE, etc.).

» Reads the I2C address. If the address is 68h, the device reads its EPROM. It is possibie to load the
user-defined bassftreble data and break paints {optional). If there is no data, the device loads default
bass/treble delta and break points from ROM.

» [|fthe address is 6Ah, the device puts the |12C interface in slave mode and waits for input.

7.2.3 Reset Circult
Since the TAS3004 device has an intemal power-on reset (POR), in many cases, additiona! components are not
needed to reset the device. It resets intemnally at approximately 80% of Vpp.

In the case where the system’s power supplies are slow in reaching their final voltage or where there is a difference
in the time the system power supplies take to become stable, the TAS3004 reset can be delayed by a simple RC
circuit.

DVpp

10 k2
TAS3004

6| RES

0.1 u.F /‘-[
~ DVgg

Figure 7-1. TAS3004 Reset Circuit
The values for the above circuit can be calculated by the simple equation:
trq = 0.8RC + 400 ps
Where:  t,q = The delay before the TAS3004 device comes out of reset
C = Value of the capacitance from RESET (pin 6) to DVgg
R = Value of the resistance from RESET {pin 6) to DVpp
The circuit described in Figure 7-1 delays the start-up of the TAS3004 device approximately 1.2 ms.

When it is necessary to control the reset of the TAS3004 device with an external device, such as a microcontroller,
RESET (pin 6) can be treated as a logic signal. It then brings the device out of reset when the voltage on RESET
reaches Vpp/2.

7.2.4 Fast Load Mode

While in fast load mode, it is possible to update the parametric equalization without any audio precessing delay. The
audio processor pausas while the RAM is updated in this mode. Bass and treble cannot downioad in this mode. Mixar1
and Mixer2 registers can downioad in this mode or normal mode (FL bit = 0).
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Once the download is complete, the fast load bit must be cleared by writing a 0 into bit 7 of the main control register
(MCRY). This puts the TAS3004 device into normal mode.
7.2.5 Codec Reset

During initialization, the output of the CODEC is disabled. Throughout reset and initialization, the output of the DAC
is muted to prevent extraneous noise being sent to the system output.

Data from the ADC and other internal processing is purged so that when reset/initialization is complete, only valid
inputs are sent to the system output.

7.3 Power-Down Mode

The TAS3004 device has an asynchronous power-down mode. in the power-down maode, the intemal control
registers and equalization programming of the device are stored in the device.

To enter power-down mode;
s Assert the power-down control signal (1)
» Set the serial audio input clocks to 0
The TAS3004 device goes into power-down mode.
To exit the powar-down mode:
e Assert RESET (logic 0)
* Restart the serial audio clocks
s  Wait for a delay of 1.0 ms (to allow the PLL to lock)
+ Negate the power-down control signai (logic 0)
» Negate RESET (logic 1)
The device then ratums to the state it was in before power down (resumes normal operation).

7.3.1 Power-Down Timing Sequence

I I | ]
PWR_DN 1| ] 1! |
I I i i
i [ |
RESET i I
| | I
J I I I
Mok [ ] [ T
I 1
I I I !
SCLK l I i
| | | |
i ]
ek [ [ j
1 1
| 5 ! |
soatA [ 1 [ | |
A | I {
:1————-——-— Pawer-Down Mode | j— Normal Operation —o:
| I
[ 1ms —»

Figure 7-2. Power-Down Timing Sequence
in power-down mode, the TAS3004 device consumes typically less than 1 mA.



7.4 Test Mode

Terminal 9 (TEST) is tied low in normal operation, This function is reserved for factory test and must not be asserted.

7.5 Internal Interface

Figure 7-3 shows the block diagrem of the interface between the microcontroller and its peripherel blocks.

7.6 GPI Terminal Programming
During initialization, the microcontroller fetches a control byte from its EPROM or receives a command from 12C.,
7.6.1 Switch Interface

The six GPI terminals are programmed to operate in the following manner:;

Table 7-1. GP! Terminal Programming

GPIS GPI4 GP13 GPI2 GPH GPI0
VOL_UP, +1 dB X
VOL_DN, -1 dB X
BASS_UP, +1dB x
BASS_DN, -1d8B X
TREB_UP, +1 dB X
TREB_DN, -1 dB x
Shift 1 X x
Mute
EQ1 x
EQ2 b ;
EQ3 x
EQ4 X
EQ5 X
Shift 2 x X
NOTE: x = Logic low

Initially (after reset), the TAS3004 GPI is set to control volume, bass, and treble. Simultaneously setting GP! bits 1
and 5 low for 1 second changes the function of the GPI terminals to controi mute and equalization.

To retum to volume, bass, and treble control, simultaneously set GPI terminals 2 and 3 low for 1 second.

When a GPt switch is activated, the TAS3004 device echoes its function over I2C to a TAS3001 device mapped to
addrass x6Ah. Therefore, a system with two audio equalization chips can be implemented without the need for a
microcontrolier.

7.6.2 GPIl Architecture

The GPt provides simpie but flexible input port to activate the input parameters. Each terminal input is an active logic
low.
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Power Up
k4
Restore Volume Inktialize Befault
and MCR

Initialize TAS3004
TAS3001

<>

Load Parameters
and Coefficlents

to DSP

Slave Write

Volume/Bass/Treble Up/Down
Echo to TAS3001
Switch BQ Set

DRC_OFF

A

DRC

Save Volume, Mute
Save PWR_DN
Stop PLL

Figure 7-3. internal Interface Block Diagram
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7.7 External EPROM Memory Maps

Table 7-2 through Table 7-5 show the 512-byte and 2048-byte EPROM memory maps.
Table 7-2. 512-Byte EPROM Memory Map 2.0 Channels

ADDRESS BYTE NUMBER FUNCTION
000h 1 Signature (2Ah)
001h 1 1D byte = 0000 0000
002h 1 MCR
003h-00Bh 9 Mixer left gain
00Ch—014h 9 Mixer right gain
015h—01Ah 5 DRC (ratio, threshold, energye, attacka, decaya)
01Bh 1 Bass
01Ch 1 Trebla
01Dh—022h ] Volume
031h-03Fh 15 Biquad 0
040h—04Eh 15 Biquad 1
04Fh—-05Dh 15 Biquad 2
05ER—06Ch 15 Biquad 3 Left channel
06Dh—07Bh 15 Biquad 4
07Ch-08Ah 15 Biguad 5
08Bh—099h 15 Biquad 6
09Ah 1 0 dB/bass
08Bh 1 0 dB/reble
08Ch~0A1h 6 Bass break
0AZh—0ATh 6 Treble break
0ABh—110h 105 Bass defia
111h-17gh 105 Treble deite
17Ah-17Fh B Bass set point
180h—185h 6 Treble sat point
186h-184h 15 Biquad 0
195h—1A3h 15 Biguad 1
1Ad4h-1B2h 15 Biquad 2
1B3h-1C1h 15 Biquad 3 Right channel
1C2h—1DCh 15 Biguad 4
1D1h-1DFh 15 Biquad 5
1EOh-1EEh 15 Biquad &

NOTE: Bytes are in the same order as they appear in the 12C register map. The EPROM address is xAOh.
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Table 7-3. 512-Byte EPROM Memory Map 2.1 Channels {(with TAS3001)

ADDRESS BYTE NUMBER FUNCTION
000h 1 Signature {2Ah)
001h 1 1D byte = 0000 0011
TAS3004 ADA1 TASI004 TAS3001
002h 1 1 MCR 1EFh
003h-00Bh 9 9 Mixer left gain 1FO0h—-1F2h
00Ch—(14h 2] 9 Mixer right gain 1F3-1F5h
015h—01Ah 8 6 DRC (ratio, threshold, energyet, attacka, decayor) tF8h—1FT7h
01Bh 1 1 Bass 1F8h
01Ch 1 1 Treble 1F9h
010h-022h 8 8 Volume 1FAh-1FFh
031h—03Fh 15 Biquad 0
040h—04Eh 15 Biguad 1
O4Fh-050h 15 Biquad 2 TASI004
05ER—DBCh 15 Biquad 3 right and ieft
06Dh—07Bh 15 Biquad 4 channel
07Ch-08Ah 15 Biquad 5
08Bh—0G%h 15 Biquad 6
09Ah 1 0 dB/bass
09Bh 1 0 dB/treble
08Ch-0A1h 6 Bass break
0A2h-0ATh & Trable break
0ABh-110h 105 Bass delta
111h—179h 105 Treble deita
17TAh-17Fh 6 Bass sat point
180h—185h 6 Treble set point
186h—194h 15 Biquad 0
185h-1A3h 15 Biquad 1
1Ad4h-1B2h 15 Biquad 2 TAS3001
1B3h—1C1h 15 Biquad 3 right and left
1G2h—100h 15 Biquad 4 channel
1D1h=1DFh 15 Biquad 5
1EOR-1EEh 15 Biquad &

NOTE: In this mode, the TAS3004 and the TAS3001 devices both use the same equalization coefficients for their right and lefl channeis.
Bytss are in the same order as they appear in the 12C register map. The EPROM address is xAOh.



Table 7-4. 2048-Byte EPROM Memory Map—2.0 Speakers With Muitiple Equalizations

R oo | vy | Fusomon carccomr | Ve s | s
000h 1 Signature (2Ah}
001h 1 | o | o | o | o 1 | o
002h 1 MCR 1EFh
003h-00Bh 23 Mixer left gain 1FOh=1F2h
00Ch—014h a3 Mixer right gain 1F3h-1F5h
0t5h-018h 5/2 DRC (ratlo, threshold, ensrgyc, attacka, decayo) 1F6h—1F7h
01Ah 1 Bass 1FBh
01Bh 1 Treble 1Fgh
01Ch-021h 8 Volume 1FAh-1FFh
031h-03Fh 15 Biquad 0 3A4h-3B2h 186h—194h
040h—-04Eh 15 Biquad 1 3B3h-3C1h 195n—1A3h
04Fh-05Dh 15 Biguad 2 3C2h-3D0h 1A4h-1B2h
05Eh-06Ch 15 Biquad 3 Set 0 3D1h-3DFh 1B3h~1C1h
06Dh—07Bh 15 Biquad 4 3EOh—-3EEh 1C2h-1D0h
07Ch-08AN 15 Biquad 5 JAEFh-3FDh 1D1h—1DFh
08Bh—088h 15 Biquad & 3FEh-QCh 1E0h—1EER
08Ah-185h 236 Bass treble table
200h—20Eh 15 Biquad 0 400h—41Bh 5B1h—5BFh
20Fh-210h 15 Biquad 1 41Ch-42Ah 5C0h-5CEh
21Eh-22Ch 15 Biquad 2 42Bh—439h S5CFh-5DBh
22Dh-23Bh 15 Biquad 3 Sat 1 43Ah—448h SDER-SECh
23Ch-24Ah 15 Biquad 4 449h—457h SEDh-5FBh
24Bh-259h 15 Biquad 5 458h—456h SFCh—G0AN
25Ah-2668h 16 Biguad 6 467h—475h 60Bh-619h
260h-277h 15 Biquad 0 476h—484h 61Ah—628h
278h-286h 15 Biquad 1 485h-493h 625h-637h
287h-295h 15 Biquad 2 494h—4A2h 638h—546h
206h—2A4h 15 Biquad 3 Set 2 4A3h-4B1h 647h-655h
2A5h-2B3h 15 Biquad 4 482h—4C0h 656h—664h
2B4h-2C2h 15 Biquad 5 4C1h—4CFh 665h—673h
2Cah-2D1h 15 Biquad 6 4D0Oh—4DER 674h—682h
2D2h-2EO0h 15 Biguad 0 4DFh--4EDh 683h-691h
2E1h-2EFh 15 Biquad 1 4EER4FCh §92h—6A0h
2F0R-2FEh 15 Biquad 2 4FDh-50Bh BA1h-6AFh
2FFh-30Dh 15 Biquad 3 Set 3 50Ch-51Ah 6B0h-6BEh
JOER-31Ch 15 Biguad 4 51Bh—52%h 6BFh-6CDh
31Dh-32Bh 15 Biquad 5 52Ah-538h 6CER—60Ch
J2Ch-33Ah 15 Biguad 6 538h-547h 60Dh—8EBh
33Bh—340h 15 Biquad 0 548h-556h 6ECh-6FAR
34Ah-358h 15 Biquad 1 557h-565h 6FBh-709h
359h—367h 15 Biquad 2 566h-574h 70Ah-718h
368h-376h 15 Biquad 3 Set4 575h-583h 716h-727h
377h-385h 15 Biquad 4 584h-592h 728h-736h
386h—-384h 15 Biquad 5 503h-5A1h 737h-745h
395h—3A3h 15 Biquad & SAZh-5B0h 748h—754h

NOTE: Byles are In the same order as they appear in the I2C register map. The EPROM address is xACh.
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Table 7-5. 2048-Byte EPROM Memory Map—2.1 Speakers With Muiltiple Equalizations

TAS53004 ADDRESS c::'l ::TEERS FUNCTION CATEGORY Tﬁ?;:::::fs T:gm"cm':‘its
000h 1 Signature (2Ah)
001h 1 | o | o ] o | o 0 1
002h 1 MCR 1EFh
003h—008h 9/3 Mixer laft gain 1FOh-1F2h
00Ch-014h /3 Mixer right gain 1F3h—1F5h
015h-018h 5/2 DRC {ratio, threshold, energy«, attacke:, decaye) 1F8h-1F7h
01Ah 1 Bass 1F8h
018h Treble 1Fgh
01Ch-021h 6 Volume 1FAR-1FFh
031h—03Fh 15 Biquad 0 186h-194h 3A4h-3B2h
040h—04Eh 15 Biquad 1 195h=1A3h 383h-3C1h
04Fh-05Dh 15 Biquad 2 1A4h—1B2h 3C2h~3D0h
05Eh—DBCh 15 Biquad 3 Set 0 1B3h—1C1h ID1h-3DFh
06Dh~—07Bh 15 Biquad 4 1C2h-100h 3JEOh=-3EEN
07Ch—08Ah 15 Biguad § 1D16—1DFh 3EFh-3FDh
0688h—088h 15 Biquad 6 1EOh-1EEh AFEh—40Ch
09Ah-185h 236 Bass treble table
200h-20Eh 15 Biquad 0 581h-58Fh 40Dh-41Bh
20Fh-21Dh 15 Biquad 1 5C0h-5CEh 41Ch-42Ah
21Eh-22Ch 15 Biquad 2 5CFh-5DDh 42Bh-43%h
220h-238h 15 Biquad 3 Set 1 5DEh-SECh A3Ah-448h
23Ch—24Ah 15 Biquad 4 S5EDh-5FBh 448h—457h
24Bh-259h 15 Biquad § SFCh—60Ah 458h—466h
25Ah-268h 15 Biquad & 60Bh-—619h 467h-475h
269h-277Th 15 Biquad 0 61Ah—626h 476h—484h
278h-286h 15 Biquad 1 620h-837h 485h-493h
287h—295h 15 Biquad 2 638h-646h 494h-—4AZh
296h—2A4h 15 Biquad 3 Set2 647h-655h 4A3h-481h
2A5h—2B3h 15 Biquad 4 6566h-684h 4B82h—4C0h
2B4h-2C2h 15 Biquad 5 6685h-573h 4C1h—4CFh
2C3h-2D1h 15 Biquad 6 674h—682h 4D0h—4DEh
202h-2E0h 15 Biquad 0 683h-69th 4DFh-4EDh
2E1h—2EFh 15 Biguad 1 692h—GA0h 4EEh-4FCh
2F0h=2FEh 15 Biquad 2 6A1h-6AFh 4FDh-508h
2FFh—-30Dh 15 Biquad 3 Set 3 §B0h-G6BEh 50Ch-51Ah
IER-31Ch 15 Biquad 4 8BFh—6CDh 518h-52¢h
31Dh-32Bh 15 Bigquad § 6CEh—6DCh 52Ah-538h
32Ch-33Ah 15 Biguad 6 600h—6EBh 539h-547h
33Bh-348h 15 Biquad ¢ 6ECh-5FAh 548h-556h
34Ah-358h 15 Biquad 1 6FBh-709h 557h~565h
358h-367h 15 Biquad 2 T0Ah-718h 566h-5T74h
368h-376h 15 Biquad 3 Set 4 718h-727h 575h-583h
377h--385h 15 Biquad 4 728h~736h 584h~592h
386h~384h 15 Biquad 5 737h-745h 583h-5A1h
395h-3A3h 15 Biquad 8 746h-754h SAZh-5B0h

NOTE: Bytes are in the same order as they appear in the i2c register map. The EPROM address is xAQh,
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9 System Diagrams

Figure -1 and Figure 9-2 show the TAS3004 stereo and 2.1-channel applications, respectively.

+3.3 Vpp
RESET M
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Analog In (: § —%—
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SPOIF %l—— g TAS3004
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use
EPROM 12¢ Master

B-T-V-EQ Switches

NOTE: Mtems such as the PLL network and power supplies are omitted for clarity.
Figure 9—1. Stereo Application
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NOTE: ltems such as the PLL network and power supplies are omitted for clarity.
Figure 9-2. TAS3004 Device, 2.1 Channels
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10 Mechanical Information

The TAS3004 device is packaged in a 48-terminal PFB package. The following illustration shows the mechanical
dimensions for the PFB package.

PFB (S-PQFP-(48) PLASTIC QUAD FLATPACK
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i
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407T317/8 10/96

NOTES: A. Alllinsar dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-026
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Appendix A
Software Interface
Table A-1. I2C Register Map

REGISTER

ADDRESS

NUMBER OF

BYTES BYTE DESCRIPTION

Reserved

O0x00

Main control

O0x01

C(T-0)

DRC

Ox02

5 Ratio(7-0), Threshold(7-0), Energy(7-0), Atack(7-0}, Decay(7—0)

Resarved

0x03

Volume

0x04

VL(23-16), VL(15-8), VL(7-0)
VR(23-16), VR{15-8), VR{7-0)

Trebie

Ox05

1 T(7-0)

Bess

0x06

B(7-0)

Mixer left gain

0x07

9 S1L(23-16), SIL(15-8), S1LI7-0)
$2L(23-18), §2L(15-8), S2L{7-0)
AIL(23-16), AlL(15-8), AIL(T-0)

Mixer right gain

0x08

9 S1R(23-16), SIR(15-8), SIR(7-0)
S2R(23-16), SZR{15-8}, S2R{7-0)
AIR(23-16), AIR(15-8), AIR(7-0)

Reserved

0x09

Left hiquad 0

Ox0A

15 B0{23-18}, BO{15-8), BO(7-0)
B1{23-18}, B$(15-8), B1(7-0)
B2(23-18), B2(15-8), B2(7-0)
A1{23-16), A1(15-8), A1{7-0)
A2(23-16), A2(15-8), AZ{T-0)

Left biquad 1

0x0B

15 BO(23-16), BO{15-8), BO(7-0)
B1(23-16), B1(15-8), B1{7-0)
B2(23-18), B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1{7-0}
A2(23-16), A2(15-8), A2(7-0)

Left biquad 2

Ox0C

15 BO{23-16), BO(15-8), BO{7-0)
B1(23-16), B1(15-8), B1({7-0)
B2(23~16), B2(15-8), B2(7-0}
A1{23-18), A1(15-8), A1{7-0)
A2(23-16), A2(15-8), A2(7-0)

Left biqguad 3

Ox0D

15 B0{23—18), BO(15-8), BO{7-0)
B1(23-16), B1{15-8), B1(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1(7-0)
A2(23-16), A2(15-8), A2(7-0)

Left biquad 4

Ox0E

15 B0{23-16}, BO{15-8), BO{7-0)
B1(23-16), B1(15-8), B(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1{23-16), A1(15-8), A1(7-0)
A2(23-16), A2(15-8), A2(7-0)

Left biquad 5

OxOF

15 BO(23-16), BO{15-8), BO(7-0}
B1{23-16), B1(15-8), B1{7-0)
B2(23-16), B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1(7-0)
A2(23-16), A2(15-8), AH{7-0)




Table A-1.

I2C Register Map (Continued)

REGISTER

ADDRESS

NUMBER OF
BYTES

BYTE DESCRIPTION

Left biquad 6

Dx10

15

B0(23—16), BO(15-8), BO(7-0)
B1(23-18), B1(15-8), B1(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1{23-16), A1(15-8), A1(7-0)
A2(23-16), A2(15-8), A2(7T-0)

Researved

Ox11

Ressarved

Ox12

Right biquad 0

0x13

15

BO(23-18), BO(15-8), BO(7-0)
B1(23-16), B1(15-8), 81(7-0)
B2(23-18), B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1(7-0)
AZ(23-16), A2(15-8), A2(7-0)

Right biquad 1

Ox14

15

BO{23-16), BO(15-8), BO(7-0)
B1(23-18), B1(15-8), B1{7-0)
B2(23-16), B2(15-8}, B2(7-0)
A1(23-16), A1(15-8), A1(7-0)
A2(23-16), A2{15-8), A2(7-0)

Right biquad 2

Ox15

15

BO(23—16), BO(15-8), BO{7-0)
B1{23—16), B1{15-8), B1(7-0}
B2(23-16), B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1{7-0)
A2(23-16), A2(15-8), A2(7-0)

Right biquad 3

0x16

15

BO(23-18), B{15-8), BO{7-0)
81(23-18), B1(15-8), B1(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1(23-18), A1{15-8), A1({7-0)
A2(23-16), A2(15-8), A2(7-0)

Right biquad 4

17

15

B0(23-16), BO{15-8), BO(7-0)
B1(23-16), B1(15-8), B1{7-0)
B2(23-16), B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1{7-0)
A2(23-18), A2(15-8), A2(7-0)

Right biquad 5

0x18

15

BO{23—16}, BO(15-8), BO{7-0)
B1(23—16), B1{15-8), B1(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1{23-16), A1(15-8), A1(7-0)
A2({23-16), A2(15-8), A2(7-0)

Right biquad 6

019

15

BO(23-18), BY{15-8), BO(7-0}
B1(23-16), 81(15-8), B1(7-0}
B2{23-18}, B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1(7—0)
A2(23-16), A2(15-8), A2(7-0)

Reserved

0x20

Left loudness
biquad

Ox21

15

BO(23-16), BO(15-8), BO(7-0)
B1(23-16), B1(15-8), B1(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1(23-18), At{15-8), A1(7-0)
A2(23-18), A2(15-8), A2(7-0)

Right loudness
biguad

Ox22

15

B0{23—16), BO(15-8), BO(7-0)
B1{23-16), B1(15-8), B1(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1(23-16), A1(15-8), A1(7-0)
A2(23-16), A2(15-8), A2(7-0)
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Table A-1. I2C Register Map (Continued)
REGISTER | ADDREss | NUMBEROF BYTE DESCRIPTION
Left loudness ;23 3 LBG(23-16), LBG(15-8), LBG(7-0)
biqued gain
Right loudness 0x24 3 RBG(23-16), RBG(15-8), RBG(7-0)
biquad gain
Tast 0x28 10 Reserved
Reserved 0x30 to OxFF
Analog control 0x40 1 Anal_ctri(7-0)
Tost Ox41 1
Test Oxd2 1
Main control 2 0x43 1 MCR2(7-0)
A.1 Main Control Register Map
A.1.1 Main Control Register 1
MCR 0X04
C(7) C(5) C(5) Cl4) C(3) C(2) () C(o)
FL SC E1 E0 F1 FO w1 Wwo
1 % X X X X X X
Table A-2. Main Control Register 1 Description
REGISTER DESCRIPTOR FUNCTION VALUE DESCRIPTION
c{) FL Fast load o Normal operation mode
1 Fast load mode
C(6) SC SCLK frequency 0 SCLK = 32fg
1 SCLK = 841g
C(5-4) £(1-0) Serial port mode 00 Left justified
o1 Right justified
10 i?s
1 Resarved
C(3 XX 1 Resaerved
c(2) 0 Download
C(1-0) W(1-0) Serial port word 0o 16-bit
length 01 18-bit
10 20-bit
11 24-bit
A.1.2 Main Control Register 2
MCR2 DX43
c2n C2(6) c2(5) C2(4) c2(3) C2(2) c2(1) c2(0)
DL XX XX XX XX XX AP XX
1 0 0 0 0 0 1 0
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Table A-3. Main Control Register 2 Description

REGISTER DESCRIPTOR FUNCTION VALUE DESCRIPTION
C2(T) DL Bass and treble 0 Nommal operation mode
foad 1 Downioaded values
C2(6) XX Reserved 0
1
C2(5) XX Reserved 0
1
C2(4) XX Reserved 0
1
c2(3) XX Reserved 0
1
C2(2) XX Reserved 0
1
G2(1) AP Allpass mode 0 Normal operation
1 Sets equalization filters to all pass
C2(0) XX Reserved 0
1
A.1.3 Analog Control Register
ANA 0X40
A(T) A{B) A(5) Al4) A(3) A(2) A1) A(0)
ADM LRB XX XX DM1 DMO INP APD
0 Q 0 0 1 1 1 1
Table A-4. Analog Control Register Dascription
REGISTER DESCRIPTOR FUNCTION VALUE DESCRIPTION
ATy ADM ADC output made 0 Nomal cperation
1 B inputs are monaural
A(B) LRB Selacts left or 0 B left input selected for monaural ADC output when bit 7 (ADM)
right B input for is set to 1
monaural output 1 B right input selected for monaural ADC output when bit 7 (ADM)
is setto 1
A(D) XX Reserved 0
1
Al4) XX Resarved 0
1
A(3-2) DM(1-0) De-emphasis 00 De-emphasis off, normal operation
control 01 De-emphasis for fg = 48 kHz
10 De-emphasis for fg = 44.1 kHz
11 Reserved
A1) INP Analog input 0 A Inputs selected
select 1 B inputs selected
AlD) APD Analog power 1 Powers down analog section
down 0 Normal operation




A.2 Volume Gain Command

The gain eror is less than 0.12 dB (exclusive mute).

| DeviceiD | Subaddress | vi@23-16) | wvi(1s-8) | vir-0) | wrizs-1e) | vriise) | vRp-0) |
For examplae, if left volume = 6 dB and right volume = —6 dB, then the command is:
| &8 | 04 | 01 | FE | CA | 00 i 80 { 4E |
Tabje A-5. Volume Versus Gain Values
VOLUME VOLUME VOLUME VOLUME VOLUME
GAIN (dB) “’}(21’5'_1;’ GAIN (dB) ‘3(235'_1:)’ GAIN (dB) “',((2135'_;? GAIN (dB) ‘3(“'13'5_";;’ GAIN (dB) \3(21":8';’
V(1-0) V(7-0) V{7-0) V(7-0) v(1-0)
180 {07.F1,78 3.0 01, 69, 6C -12.0 |00, 40, 4E -270 |oo, 08B, 6F —420 00,0200
175 |07, 7F BB 25 01, 55, 62 125 |o0,3C.B5 -27.5 |00,0A CC —425 {00,01,EB
170 |07, 14,57 20 01, 42, 49 -130 |o0, 39,50 -28.0 |00, 0A, 31 —430 |00,01,D0
165 |08, AE, F8 15 01, 30, 42 -135 |00, 36, 1B -28.5 |00, 08, OF —435 |00, 01,86
160 |06, 4F, 40 1.0 01, 1F, 3D -140 |00, 33,14 200 |00,009, 15 440 |00, 01, 9€
155 |05, F4,ES 0.5 01, OF, 2B -145 |00, 30,39 -205 |00,08,93 —a45 |00, 01,86
150 |05, oF 98 0.0 01, 00, 00 -150 |00, 2D, 86 -30.0 §00,08,18 —450 |00,01.71
145 |05, 4F, 10 05 |00,F1,AE -155 |00, 2A, FA -305 00,07 A5 455 |00,01,5C
140 | 05,03, 0A -1.0  [00,E4,28 -160 00,28, 93 -310 {00,07 37 —460 | 00,01, 48
135 | 04,88, 44 -1.5 |o00,D7, 66 165 |00, 26, 4F -31.5 {00, 06, DO “ —465 |00, 01,36
130  |04,77,83 -20 |o0,C8,59 -170 |00, 24,29 -320 |00, 06, 6E 470 |00,01,25
125 |o04,37,88 25 |o0.BF F9 175 |00,22,23 -325 |oo,086, 12 -475 |00, 01, 14
120 [03,¢B,28 -30 |oo,853C -18.0 {00, 20,3A -33.0 |00, 05 BB —480 [00,01,05
15  [03,C2,25 -3a5 |00 AB 19 -185 {00, 1E, 6D -335 |00, 05,69 -85 |00,00, F6
110  [03,8C, 53 40 oo, At 86 ~190 |00, 1C, BY -340 |00,05,1C 490 |00, 00 E8
105 |03 58,83 45 |o00,88 7D 185 |00, 18, 1E 345 |00, 04, D2 495 |00, 00,0C
100 103,29, 88 -50 |00, BF.F6 -200 |00, 19,9A -350 |00,04,8D -50.0 |00.00.CF
8.5 02, FC, 42 ~55 |00, 87,EB -20.5 |00, 18, 28 355 |00,04,4C -505 00,00 C4
9.0 02, D1, 82 60 |00,80,4E ~21.0 |00, 16,01 380 |00, 04, 0F -51.0 |00, 00, BS
8.5 02, A9, 25 65 |00,79,20 215 |00, 15,8A -36.5 |00,03, D5 —51.5 |00, 00, AE
B0 02, 83, 0B -70 |00 72,54 220 |00, 14,56 -370 00,03, 9E -52.0 [00,00, AS
75 02, 5F, 12 -75 | 00.6B,F4 225 |00,13,33 —37.5 | 00,03,6A -525 |00, 00,98
7.0 02,30, 1D 80 |00,65 EA -23.0 |o00,12,20 -38.0 00,03 39 -530 |00, 00,83
6.5 02, 1D, OE -85 |00,60,37 -235 |00,11,1C -385 00,03 0B -535 |00, 00,88
6.0 01, FE, CA -80 |00, 5A, D5 -240 |00, 10,27 -38.0 |00,02 DF —4.0 |00, 00,83
55 01, E2,37 -95 |00, 55Co -245 |00, OF, 40 -385 |00, 02,86 1 545 |00, 0078
50 01,C7, 3D -10.0 |00, 50, F4 -250 |00, OE, 65 —400 {00, 02 6F -550 |00,00,75
45 01, AD, C8 -105 o0, 4C, 6D -255 |o00,0D,97 405 |00 02 68 555 |00,00,6E
40 01,95, BC -11.0 |00, 48, 27 -260 |00,0C, D5 410 |00, 02 48 ﬂ 560 |00,00 68
35 |o1,7F. 09 -115 00,44, 1D -265 |oo,0c,1p || 415 Joo02,27 || -s65 {oo,00 62




Table A-5. Volume Versus Gain Values {Continued)

VOLUME VOLUME VOLUME VOLUME VOLUME
GAIN (dB) ‘(}(’1’:;_2;’ GAIN {dB) ‘(};ﬁ? GAIN {dB) ‘(5(213;_?)’ GAIN {dB) “'};n? GAIN (dB) ‘(}(2135'_:;’
v(7-0) V(7-0) V{7-0) v(7-0) V(7-0)
-57.0 |00,00 5D -60.0 |00, 00, 42 -63.0 |00,00, 2E 860 |00, 00,21 -69.0 | 00,00, 17
-57.5 | 00,00, 57 -80.5 |00, 00, 3E 635 |00,00 2C 865 | 00,00, 1F —-89.5 | 00,00, 18
-58.0 | 00,00, 53 -51.0 {00,00,3A -64.0 | 00,00, 29 -67.0 |00, 00,1D -70.0 |00,00, 15
-58.5 | 00,00, 4E -61.5 {00, 00,37 -64.5 | 00,00, 27 -67.5 |00 00, 1C mute |00, 00, 00
-60.0 |00, 00, 44 -£2.0 | 00,00, 34 -65.0 |00, 00,25 -88.0 |00, 00 1A
-50.5 |00, 00,45 625 |00 00, 31 ﬂ —-65.5 [00, 00,23 -68.5 |00,00 19
A.3 Treble Control Register Command
Both left and right channel are given the same treble gain setting.
| Device iD ] Subaddress | T(7-0)
For example, if treble gain = 5 dB, then the command is:
{ 68 | 05 | 65
Table A—6. Trable Contro] Register
GAIN (dB) "('LT.':;’ GAIN (dB) ':L:',g] GAIN (dB} 1(}‘7.')8) GAIN (dB) 1;};:8’ GAIN (dB) 1;::;)
18.0 0x01 10.5 OxdA 3.0 0xEB 4.5 0x7B -12.0 0x8A
175 0x01 10.0 Ox4D 25 0x6C -50 0x7C 125 0xBB
17.0 0x04 85 0x51 ﬁ 20 0x6D -5.5 0x?D -13.0 OxBC
18.5 0x08 8.0 0x53 15 Ox3F -8.0 Ox7E -135 0x8D
16.0 Ox13 85 Ox56 10 0x70 6.5 Ox7F -14.0 0x8E
15.5 Ox1A 8.0 0x59 0.5 [iYegl -71.0 0x80 ~14.5 OxBF
15.0 0x20 75 0x58 0.0 0x72 -7.5 0x81 -15.0 080
14.5 0x26 7.0 0xSD -05 0x73 —-£.0 0x82 ~165 o
14.0 0x2C 6.5 0x80 -1.0 0x74 -8.5 0x83 -16.0 0x02
135 Ox31 6.0 0x62 -15 0x75 ~5.0 0x84 -16.5 0x93
13.0 0x36 5.5 0x63 2.0 0x76 95 085 -17.0 0x94
12.5 0x38 5.0 0x65 -25 0x77 -100 0x86 ~175 0x95
12.0 0x3F 4.5 Ox67 =30 0x78 ~10.5 0x87 -18.0 0x96
1.5 0x43 40 Ox68 ~3.5 0x79 -10 0x88
1.0 Ox47 35 0x69 4.0 0x7A -115 Ox88




A.4 Bass Control Register Command

Both left and right channel are given the same bass gain setting.

[ Device ID | Subaddress ! B(7-0) |
For example, if bass gain = 5 dB, then the command is:
! 68 I 06 I 28 |
Table A-7. Bass Contro! Register
B(7-0) 8(7-0) B(7-0) B({7-0) B({7-0)
came | Tq " feamne [ To T feame | Tt Loame | gt feAN@e) [ Lo
18.0 0x01 10.5 0x4C a0 0xBA 45 ox7B -120 0xBA
17.6 0x0A 10.0 Ox4F 25 0x6B -5.0 0x7C -125 0x8B
17.0 ox11 95 0x52 20 0x6D -5.5 0x7D -13.0 0xBC
165 0x18 9.0 0X55 15 Ox6E 6.0 OXTE -135 0x8D
18.0 Ox1E 8.5 0x58 1.0 Ox6F 6.5 Ox7F ~14.0 OxBE
15.5 0x24 8.0 0x58 05 0x71 -70 0x80 -14.5 0x8F
15.0 0x29 75 0x5D 00 0x72 -75 0xB1 -15.0 0x0
145 Ox2E 70 0xSF 05 0x73 -8.0 0x82 ! -15.5 0x01
14.0 0x33 8.5 Ox61 -10 0x74 -85 0x83 -18.0 Ox92
13.5 0x37 6.0 0x62 -15 0x75 -00 0x84 -16.5 0x@3
13.0 0x3B 55 0x63 -2.0 Ox76 95 0xB5 -17.0 x4
125 0x3F 50 0x65 -2.5 0x77 -10.0 0x86 n -175 0x95
120 0x43 45 0x66 -30 0x78 -10.5 0x67 || -18.0 0x96
1.5 0x46 40 0x67 -3.5 0x79 -11.0 oxgs ||
11.0 0x49 3.5 0x69 4.0 OxTA -11.5 oo ||
A.5 12C Mixer Register Command
The gain error is less than 0.12 dB, excluding mute.
i Davice ID Subaddrass Mixar{ Mixer2 | ADC Mixer 1
For example, if Sdin1 Mix = +6dB, Sdin2 Mix = 0dB, and ADC Mix = Mute, then the command is:
Left
t 07 1F EC 98 10 00 00 | 00 00 00 |
Right
Lj 68 08 1F EC 98 10 00 00 ] 00 00 00 |

Even if only one of the mixers needs to be changed, the whole command must be sent.
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Table A-8. Mixer1 and Mixer2 Gain Values

GAIN GAIN GAIN GAIN GAIN
o | 18 | o | S8 cumim | S5 || T Jaumm | 0
S(7-0) $(7-0) $(7-0) S(7-0) 5(7-0)
180  |7F.17.AF 0.0  |10,00,00 -180 | 02,03 A7 360 |oo,40,EA | 540 oo, 08 2C
175  |77.7B, AA -05 for,1aOF | -185 Joi,es,cF | 365 |00, 3D, 49 -54.5 00,07, 87
170 |71,45,75 -1.0 | OE, 42,90 -190 |o1,ce,04 | 370 Joo.3s,pB || -s550 Joo 07,48
16.5 | 6A, EF, 5D -15 |op, 76,54 | -195 Jo1,Bi,DE ]| -375 00,36, 9E -555 |00, 06, EO
160 |64, F4,03 -2.0  ]oc,Bs, 91 -200 |o1,99, 99 -38.0 |00, 33,80 -56.0 |00, 06, 7D
155 | 5F, 4E, 52 -25 0B, FF.91 -205 01,82 AF -385 | 00,30, AE -565 |00, 06, 20
150 |59, Fg,80 -30 fomsa.Be || -210 [ot,eD,0e f| 380 [oo.20.F5 J| 570 100,05.C
145 |54,F1,08 -35 loaBi1.80 || -215 lo1,58 42 -385 |oo, 2B, 63 575 100,05,76
140 |50, 30, A1 4.0 |0A, 18,66 -220 [01,45,58 -40.0 |00, 28, F5 -58.0 |00, 05, 28
135 |48, 84,46 -45 |09,87,05 225 01,3328 —40.5 |00, 26, AB -58.5 |00, 04, DE
130 |47,78,28 -50 |08, FF,59 -230 jo1.21,F9 | 410 [00,24.81 -50.0 100,04, 98
125 |43,78,B0 -55 |08, 7E. 80 -235 01,11, Co 415 |00,22,76 595 |00, 04,56
120 |3F.B2,78 -0 |os,04,0Cc | -240 [o1,0270 -42.0 00,2089 -60.0 |00, 04, 18
ns Jacz4c | -85 |07,9207 245 oo, F3,FB || 425 Joo,1E,B7 -605 |00, 03, DD
1.0  |[38,C5,28 -70 |07, 259D -250 |00, £6, 55 -430 }oo,1c,FF | -61.0 Joo, 03, A6
105  [35,98, 2F -75 |06, BF 44 -255 |00, 08, 73 —43.5 100, 1B, 60 615 |00, 03,72
100  [32,98,B0 -80 |o06,5E.A5 § -260 [ob.CcD,49 || 440 |00,19,D8 -620 |00, 03, 40
95  |2F,C4,20 -85 | 06,03, 6E -265 Joo.c1.cD || 445 [oo, 18,65 625 |00, 03,12
90 |2p, 18,18 90 Jos,aD,50 [I -270 oo, 6 F6 -450 |00, 17,08 -63.0 |00, 02 €6
85  {2A,92 54 -85 |05,5¢C, 04 -215 |oo.ac,Ba §| 455 Joo, 15,88 || -635 |oo, 02 8C
80 |28 30 AF —100 |05, OF 44 -28.0 |00, A3, 10 -460 |00, 14,87 640 |00, 02 95
75  1257F1,25 -105 foa,c6p0 | -285 [o0, 99 F1 —465 |00, 13,61 645 |00,0270
70 |23,01,cD | -110 04,8268 -200 |00, 81, 54 —470 |00, 12,48 -65.0 |00, 02 4D
65 |21,00,08 | -11.5 ]04,41,D5 -29.5 | oo, 89, 33 475 |00, 11,45 -65.5 | 00,02 2C
60 |iFEC,98 [| -120 [od,04,0E | 300 |00 81,86 -48.0 | 00, 10, 4E -66.0 |00, 02, 0D
55 |1E,23,6D | -125 Jo3ce,50 || 305 |00,7A 48 485 |00, OF, 64 ﬂ -66.5 00,01, Fo
50 J|ic,73.D5 | -130 |03.94.FA “ -31.0 |o00,73,70 9.0 |00, o, 88 -57.0 |00,01,D4
45 |1aDC.61 | -135 |03,61,AF -315 Joo,ec,FB | 495 |[ooop,88 | 675 Joo,01,BA
40 |t19,58,88 | -140 ]03,31,42 w-az.o 00, 66, E3 -500 |oo,0c, F3 -88.0 |00, 01, A1
35 |17,F0,94 -145 03,03, 84 -325 |00,61,21 505 |oo,0c,3a || 685 ]00,01,8A
3o |16,99.Co -150 |02, D8, 62 -330 f{oo,58,B2 ]| 510 [oo,088e || €90 {00,01,74
25 |15,5, 1A -155 |02, AF. A3 -335 |00, 56, 81 515 Joo,0aE5 | €85 00,01, 5F
20 |14,246E || 160 |02,89,2C -34.0 |00, 51, B8 -52.0 00,04 49 ~700 {00,01,48B
15 [13,04,1A -165 |o2,640B | 345 fo0.4D,27 | -525 |o00,09,B6 Mute |00, 00, 00
10 |11,F3,Co i} -170 |02, 42 83 -350 |oo,48,08 || -530 [oo.09 28
05 {10,F2,B4 -17.5 02,2235 -355 00,443 [ 535 |[o0,08 A8
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" Header

$regfile = "89¢51ac2.dal”
$baud = 9600

$crystal = 11059200
$large

'89cS51ac2

DimDb eq 1 As Byte
Dim Db_vol As Byte
Dim Db_treble As Byte
Dim Db _bass As Byte
Dim Sw As Byte

Dim Keypad As Byte

Dim Address As Byte , Value As Byte

Dim Code As Byte

Dim [ As Byte

Dim J As Byte

Dim Bcoef As Byte
Dim Dsp_long As Long
Dim Tmp_long As Long
Dim A(3) As Byte

Dim Eq_bd_array(8) As Byte

Dim Index As Byte
Dim Vol As Long

Dim Ch As Byte , Eq_db As Byie
Dim Haystack As String * 16

Const Tas3004 w = &H68
Const Tas3004_r= &He69
Config Sda = P4.0

'Code from metrix SW.

'For Rotate's loop count

'For Rotate's loop count



Config Scl=P4.1

Config [2cdelay = 1

Config Ledpin = Pin, Db4 = P0.4 , Db5 = P0.5,Db6 = P0.6 , Db7=P0.7 ,E=P1.[ ,Rs=P1.0
Config Ledbus = 4

Config Led=16*2

Declare Sub Dap vol(dsp_long As Long , Beoef As Byte )
Declare Sub Dap_start(address As Byte)

Declare Sub Dap_stop

Declare Sub Write_dsp!(address As Byte , Value As Byte)
Declare Sub Start_10()

Declare Sub Start_2()

Declare Sub Start_3()

Declare Sub Scankey()

Declare Sub Volume(dh vol As Byte)

Declare Sub Treble(db_treble As Byte)

Declare Sub Bass(db bass As Byte)

Declare Sub Eq(ch As Byte , Eq_db As Byte)

' Main Program

Sound 1.7, 10000, 10

P33=0

Waitms [00

P33=1
Destart ‘start_1() condition
TI2ewbyte Tas3004 w ‘slave address
I2cwbyte &HO7 ‘asdress of EEPROM
[Zcwbyte &HOO 'value to write
Dcwhyte &HOO 'value to write
I2cwbyte &HOO 'value 10 write

R2ewbyte &HOO 'value to write



[2cwbyte &HOO 'value to write

12cwbyte &HOO 'value to write

L2ewbyte &H10 'value to write

2cwbyte &HO0 'value to write

[2cwbyte &HO0 'value to write

[2cstop 'stop condition

Waitms 100 ‘wait for 100 milliseconds
[2cstart ‘start _1{) condition
2cwbyte Tas3004 w 'slave address

I2cwbyte &HO8 ‘asdress of EEPROM
I2cwbyte &H00 "value to write

2Zcwbyte &HOO ‘value to write

2cwbyte &HOO 'value to write

2cwbyte &HO00 ‘value to write

I2cwbyte &HO0 'value to write

2cwbyte &HO0 'value to write

[2cwbyte &H10 'value to write

I2cwbyte &HO0O ‘value to write

I2cwbyte &HOO 'value to write

I2¢stop 'stop condition

Waitms 100 'wait for 100 milliseconds

Print "Graphic Equalizer”

Print "KMITL Final Product”

Cls

Upperline : Led "GraphicEqualizer”
Lowerline : Led " KMITL Product

Begin:

' Cls



r

1

Upperline
Lecd "7Graphic Equalizer”
Waitms 500
Lowerline
Lcd "KMITL Project”
Wait 5
Cls
Upperline
Led "Are you ready”
Waitms 500
Lowerline
Led "Your Swicth"
Wait 5
Do
Call Scankey
Loop Until Sw <> &HFF
Print "Swicth="; Sw
Select Case Sw
Case 7
If Db _bass > 0 Then Decr Db_bass
Call Bass(db_bass)
Print "-Bass=" ; Db_bass
Haystack = Str{db_bass)
Cls
Upperline : Led "-BASS”
Lowerline : Lcd Haystack
Case 8:
If Db _bass < 18 Then Incr Db _bass
Cal} Bass(db_bass)

Print "+Bass=" ; Db_bass

' -bass

' +bass



Haystack = Str(db_bass)
Cls
Upperline : Lcd "+BASS"
Lowerline : Led Haystack
Case 3: ' -Volume
If Db _vol> 0 Then Decr Db_vol
Call Volume(db_vol)
Print "-Volume="; Db_vol
Haystack = Str(db_vol)
Cls
Upperline : Led "-VOLUME"
Lowertine : Led Haystack
Case 4: ' +Volume
If Db_vol < 15 Then Incr Db_vol
Call Volume(db_vol)
Print "+Volume="; Db_vol
Haystack = Str(db_vol)
Cls
Upperline : Led "+VOLUME"
Lowerline : Lcd Haystack
Case 1: ' -treble
If Db_treble > 0 Then Decr Db _treble
Call Treble(db_treble)
Print "-Treble=" ; Db_treble
Haystack = Str{db_treble)
Cls
Upperline : Led "-TREBLE"
Lowerline : Lcd Haystack
Case 2: ' +treble

If Db_treble < 18 Then Incr Db treble




Call Treble(db_treble )
Print "+Treble=" ; Db_treble
Haystack = Str{db_treble)
Cls
Upperline : Led "+TREBLE"
Lowerline : Led Haystack
Case 16: "+EQ 1
If Eq_bd_array(1) < 24 Then Incr Eq bd_array(1)
Call Eq(0 ., Eq_bd_array(1))
Print "+EQ1="; Eq bd _array(1)
Haystack = Streq bd array(1))
Cls
Upperline : Led "+EQI"
Lowerline : Lcd Haystack
Case 15: "-EQ 1
If Eq_bd_array(1) > 0 Then Decr Eq bd array(1)
Calt Eq(0, Eq_bd_ammay(1))
Print "-EQi="; Eq bd array(1)
Haystack = Str(eq bd_array{1))
Cls
Upperline ; Led "-EQ1"
Lowerline : Lcd Haystack
Case 14; '+EQ2
If Eq_bd_array(2) < 24 Then Incr Eq bd_array(2)
Call Eq(1 , Eq bd_array(2))
Print "+EQ2="; Eq bd_array(2)
Haystack = Str{eq bd_array(2))
Cls
Upperline : Led "+EQ2"

Lowerline : Led Haystack



Case 13: “EQ?2
IfEq_bd_array(2} > 0 Then Decr Eq bd array(2)
Call Eq(1, Eq_bd_array(2))

Print "-EQ2="; Eq bd_array(2)
Haystack = Str{eq bd array(2})
Cls

Upperline : Led "-EQ2"
Lowerline : Led Haystack

Case 20: +EQ3
IfEq_bd_array(3) <24 Then Incr Eq bd array(3)
Call Eq(2, Eq bd_array(3))

Print "+EQ3="; Eq_bd_array(3)
Haystack = Str{eq_bd_array(3))
Cls

Upperline : Led "+EQ3"
Lowerline : Led Haystack

Case 19: “EQ3
IfEq bd array(3) > 0 Then Decr Eq_bd array(3)
Call Eq(2 , Eq bd_array(3))

Print "-EQ3="; Eq_bd_array(3)
Haystack = Str{eq_bd_array(3))
Cls

Upperline : Led "-EQ3"
Lowerline : Lcd Haystack

Case 18: +EQ4
IfEq bd_array{4) < 24 Then Incr Eq bd_array(4)
Call Eq(3, Eq_bd array(4})

Print "+EQ4="; Eq_bd_array(4)
Haystack = Str(eq_bd_array(4))
Cls



Upperline : Led "+EQ4"
Lowerline : Led Haystack

Case 17: -EQ4
IfEq bd amay(4) > 0 Then Decr Eq_bd_array(4)
Call Eq(3 , Eq bd array{4))
Print "-EQ4="; Eq bd_array(4)
Haystack = Str{eq_bd_array(4))
Cls
Upperline : Lcd "-EQ4"
Lowerline : Led Haystack

Case 24: +EQS
IfEq bd amay(5) < 24 Then Incr Eq bd_array(5)
Call Eq(4, Eq_bd_array(5))
Print "+EQ5="; Eq_bd_array(5)
Haystack = Str{eq_bd_array(5))
Cls
Upperline : Led "+EQS"
Lowerline : Lcd Haystack

Case 23: “EQS
If Eq bd_array(5) > 0 Then Decr Eq bd array(5)
Call Eq(4 , Eq_bd_armay(5))
Print "-EQS5="; Eq_bd array(5)
Haystack = Str{eq bd_array(5))
Cis
Upperline : Led "-EQS5"
Lowerline : Lcd Haystack

Case 22: +EQ6
If Eq bd_array(6) < 24 Then Incr Eq bd_array(6)
Call Eq(5, Eq_bd_array(6))
Print "+EQ6~" ; Eq_bd_array(6)



Haystack = Str(eq_bd_array(6))
Cls
Upperline : Led "+EQ6"
Lowerline : Led Haystack
Case 21: “EQ6
If Eq_bd_array(6) > 0 Then Decr Eq_bd_array(6)
Call Eq(5, Eq_bd_array(6))
Print "-EQ6="; Eq bd_array(6)
Haystack = Str{eq bd_array(6))
Cls
Upperline : Led "-EQ6B"
Lowerline : Led Haystack
Case 28: +EQ7
IfEq bd_array(7) < 24 Then Incr Eq_bd_array(7)
Call Eq(6 , Eq bd array(7))
Print "+EQ7="; Eq bd array(7)
Haystack = Str{eq_bd_array(7))
Cls
Upperline : Led "+EQ7"
Lowerline : Led Haystack
Case 27: -EQ7
If Eq bd_array(7) > 0 Then Decr Eq_bd_array(7)
Call Eq(6, Eq _bd_array(7))
Print "-EQ7="; Eq bhd_array(7)
Haystack = Str{eq _bd _array(7))
Cls
Upperline : Led "-EQ7T"
Lowerline : Lcd Haystack
End Select

Do



Call Scankey
Loop Until Sw = &HFF
Goto Begin

End

v End Main

1

Sub Scankey
Sw = &HFF
ForI=0To?7
P2 = &HFF
P2i=0
Keypad = P3 And &HF0
If Keypad < &HF0 Then Exit For
Next
If 1< 8 Then
Select Case 1
Case O:
If Keypad.7 =0 Then
Sw=1
Elseif Keypad.6 =~ 0 Then
Sw=2
Elseif Keypad.5 = 0 Then
Sw=13
Elseif Keypad.4 = 0 Then
Sw=4
End If
Case 1:
If Keypad.7 = 0 Then



Sw=35
Elseif Keypad.6 = 0 Then
Sw=6
Elseif Keypad.5 =0 Then
Sw=7
Flseif Keypad.4 = ¢ Then
Sw=28§
End If
Case 2:
If Keypad.7 =0 Then
Sw=9
Elseif Keypad.6 =0 Then
Sw=10
Elscif Keypad.5 = 0 Then
Sw=11
Elseif Keypad.4 = 0 Then
Sw=12
End If
Case 3:
If Keypad.7 = 0 Then
Sw=13
Elseif Keypad.6 = 0 Then
Sw=14
Elseif Keypad.5 = 0 Then
Sw=15
Elseif Keypad.4 = 0 Then
Sw=16
End If
Case 4:
If Keypad.7 = 0 Then



Sw=17
Elseif Keypad.6 = 0 Then
Sw=18
Elseif Keypad.5 = 0 Then
Sw=19
Elseif Keypad.4 = 0 Then
Sw=20
End IF
Case §:
If Keypad.7 =0 Then
Sw=21
Elseif Keypad.6 = 0 Then
Sw =22
Elseif Keypad.5 =0 Then
Sw=23
Elseif Keypad.4 = 0 Then
Sw=24
End If
Case 6:
If Keypad.7 =0 Then
Sw=125
Elseif Keypad.6 = 0 Then
Sw=26
Elseif Keypad.5 = 0 Then
Sw=27
Elseif Keypad.4 = 0 Then
Sw =28
End If
Case 7:

If Keypad.7 =0 Then



Sw=29
Elseif Keypad.6 = 0 Then
Sw =30
Elseif Keypad.5 = 0 Then
Sw=131
Elseif Keypad.4 = 0 Then
Sw=32
End If
End Select

End If

End Sub

Sub Eqfch As Byte , Eq_db As Byte)

Dim Eq_laddr As Byte

Dim Eq_raddr As Byte

Dim Eq_index As Word

Dim Tmp eq index As Word
Eq laddr = &HOA + Ch

Eq raddr = &H13 + Ch

Print "Ch="; Ch

Print "EQ_dB="; Eq db
Print "Eq laddr="; Eq laddr
Print "Eq raddr="; Eq raddr
Eq db=24-Eq db

Eq index =Eq db * 35
Ch=Ch*5

Eq index = Eq_index + Ch
Print "Eq_index=" ; Eq index
Tmp_eq index = Eq index
Call Dap_start{eq_laddr)



Vol = Lookup{eq index , Eq table):
' Print "Vol1="; Vol

Vol = Lookup{eq index , Eq table) :

Print "Vol2="; Vol

Vol = Lookup(eq_index , Eq table) :

Print "Vol3=" ; Vol
Vol = Lookup(eq index , Eq table) :

Print "Vol4=" ; Vol

Vol = Lookupleq index , Eq table):
' Print "Vol5="; Vol

Call Dap stop

Eq index = Tmp_eq index

Call Dap start(eq_raddr)

Vol = Lookup(eq_index , Eq_table} :
Vol = Lookup(eq_index , Eq_table) :
Vol = Lookup(eq_index , Eq table)
Vol = Lookupleq index , Eq table):
Vol = Lookupi{eq index , Eq table):
Call Dap_stop

End Sub

Incr Eq index :

Incr Eq index :

Incr Eq index :

Incr Eq_index :

Incr Eq index

Incr Eq_index

Incr Eq index :
Incr Eq_index :
Incr Eq_index :

Incr Eq index :

Call Dap vol(voi, 3)

Call Dap_vol(vol, 3)

Call Dap_vol{vol , 3)

Call Dap_vol(vol , 3)

: Call Dap_vol{vol , 3)

: Call Dap_vol{vol , 3)

Call Dap _vol(vol , 3)
Call Dap_vol(vol, 3)
Call Dap_vol(vol , 3)
Call Dap_vol{vol, 3)

Sub Volume(db_vol As Byte)
Vol = Lookup(db_vol, Volume)
Call Dap start{&H04)
Cali Dap _vol(vol, 3)
Call Dap _vol(vol, 3)
Cail Dap_stop
End Sub

Teft
Right

Sub Dap_vol(dsp_long As Long , Bcoef As Byte )



For J = 1 To Beoef
A(j) = Dsp_long And &HFF
Rotate Dsp_long , Right , 8

' Print "sw0-8value:" ; Index

Next

For J = Beoef Downto 1
2cwbyte A(j)

Next

End Sub

Sub Treble(db_treble As Byte)
Dim Table]l As Byte
Table1 = Lookup(db_treble , Treble)
Call Write_dspl(&H05 , Tablel)
End Sub

Sub Bass{db_bass As Byte)
Dim Table2 As Byte
Table2 = Lookup(db_bass , Bass)
Call Write_dsp1(&H06 , Table2)
End Sub

Sub Dap_start(address As Byte)
[2¢start
[2cwbyte Tas3004 w
[2cwbyte Address

End Sub

1

Sub Dap_stop

12cstop



Waitms 100
End Sub

Sub Write_dsp1(address As Byte , Value As Byte)

12¢start "start_1() condition
Rcwbyte Tas3004 w 'slave address
Ecwbyte Address ‘asdress of EEPROM
DRewbyte Value 'value to write
IZestop ‘stop condition
Waitms 100 'wait for 100 milliseconds
End Sub
Volume:

Data &HO000000& , &HO000CF& , &HO00028F& , &HO00818& , &HO0199A& , &HO050F4& ,
&HO010000& , &H014249& , &HO195SBC& , &HOIFECA& , &H02830B& , &H03298B& ,
&HO3FB28& , &H05030A % , &HO64F40& , &HO7F17B&

Treble:
Data &H96 , &H93 , &H8E , &H8A , &H86 , &H82 , &KH7E , &H7A , &H76 , &H72 , &H6D ,
&H68 , &H62 , &HS59 , &H4D , &H3F , &H2C , &H13 , &HO0!

Bass:
Data &H96 , &H93 , &HSE , &HB8A , &H86 , &H82 , &H7E , &H7A , &H76 , &H72 , &H6D ,
&H68 , &H62 , &H59 , &H4D , &H3F , &H2C , &H13, &H01

Eq table:

"12Db 0

Dat &H10017C& , &KHE0014C& , &HOFFD84& , &HE0014C& , &HOFFFO0&
Data &HI1003A6& , &HEO0043F& , &HOFFSEG& , KHEOU43F & , &HOFFDSC&
Data &H100920& , &HEO01158& , &HOFFOBF& , &HE01158& , &HOFF9EO&



Data &H1016CA& , &ZHEQS53IF& , &HOFD9EB& , &HE0553F& , &HOFFOBS &
Data &H1038D1& , &KHE1D6D9& , &HOFA10F & , &KHEID6D9& , &HOFDIE 1 &
Data &H108D10& , &HEA60B6& , &HOF144A& , KHEAG60B6& , &HOFA15B&
Data &H115ABE& , ZHOE3JMAAL , &KHODBCAO& , &HOE34AA& , &HOF175E&
'11Db 1

Data &H100145& , &HEQ0(}14C& , &HOFFDBB& , &HE0014C& , &HOFFFO0&
Data &HI0031E& , &HEO0043F & , &HOFFA6D& , &HE0043F& , &HOFFD8C&
Data &H!007CD& , &HEC1158& , &§HOFF212& , &HE01158& , &HOFF9E0&
Data &H10137A& , &HE(G553F& , &HOFDD3A& , &HE0553F& , &HOFFOBS &
Data &H103091& , &ZHEID6D9& , &HOFA94F & , &HE1D6D9& , &HOFDI9E1 &
Data &H107894& , KHEA60B6& , &HOF28CT7& , &KHEA60B6& , &HOFA15B&
Data &H112862& , &HOE34AA& , &HODEEFC& , &HOE34AA& , &HOF175E&
'10Db 2

Data &H100!13& , &HE0014C& , &HOFFDEC& , &HE0014C& , &HOFFF00&
Data &H1002A5& , &HEOU43F & , &HOFFAE6& , &HE(043F& , &KHOFFD8C&
Data &H10069E& , &HEO1158& , &HOFF341& , &HE01158& , & HOFF9EO&
Data £HI101087& , &KHEQS53F& , &KHOFEQ2E& , &HE0553F& , &HOFFOBS&
Data &H102936& , &HE1D6D9& , &HOFBOAAL , KHEID6D9& , &KHOFDIE]1 &
Data &H106651& , &HEA60B6& , &HOF3B09& , &HEA60B6& , &HOFA1SB&
Data &H10FB81& , &§HOE34AA& , &KHOEIBDD& , &HOE34AA& , &HOF175E&
'9Db3

Data &H1000E8& , ZHE0014C& , XHOFFE18& , &§HE0014C& , & HOFFF00&
Data &H10023A& , &HEOM3F & , KHOFFB52& , &KHE0043F & , &HOFFDSC&
Data &H100591& , & HE01158& , &HOFF44E& , &HE01158& , &HOFF9E0&
Data £H100DE6& , &HEO0553F& . &HOFE2CF& , &HE0553F& , &HOFFOB5&
Data &H1022A8& , &HEID6D9& , &HOFB738& , &HEID6D9& , &HOFD9E1 &
Data &H10560C& , &KHEA60B6& , &HOF4B4F& , &KHEAGOB6& , &HOFA15B&
Data &HIOD381& , &HOE34AA& , &HOE43DD& , &HOE34AA& , &HOF17SE&
'8Db4

Data &H1000C0& , &HEQ014C& , &HOFFEIF& , &HE0014C& , &HOFFF00&



Data &H1001DA& , &HE0043F& , &HOFFBB2& , &HE0043F& , &HOFFDSC&
Data &H1004A1& , &HE01158& , &HOFF53F& , &KHEQ1158& , &HOFF9E0&
Data &H100B8E& , &HE(553F& , &HOFES26& , &HE0S553F& , &KHOFFOB5&
Data &H101CD1& , &HE1D6D9& , &HOFBD10& , &HEID6D9& , &HOFD9E1 &
Data &H10478B& , &HEA60B6& , &HOF59D0& , &HEA60B6& , &HOFA15B&
Data &H10AFDA& , &HOE34AA& , &HOE6784& , &HOE34AA& , &HOF175E&
"7Db5

Data &H10009E& , &HE0014C& , &HOFFE62& , &HE0014C& , &HOFFFO0&
Data &H100184& , &HE0043F& , &HOFFC08& , &HEQ043F & , SHOFFDBC&
Data &H1003CA& , &HE01158& , &HOFF615& , &HE01158& , &HOFFIEO&
Data &H100978& , &HEO0553F& , &HOFET3D& , &HE0553F& , &HOFFOB5&
Data &H10179C& , &HE1D6D9& , &HOFC244& , SHE1D6D9& , &HOFDYE1&
Data &HI103A9D& , &HEA60B6& , &HOF66BD& , &HEA60B6& , &SHOFA15B&
Data &H109014& , &HOE34AA& , SHOES74A& , &HOE34AA& , &HOF175E&
'6Db 6

Data &H!0007F& , &HE0014C& , &HOFFEB1& , &HEQ014C& , &KHOFFF00&
Data &H100138& , &HEQ043F& , &HOFFC54& , &HEQ43F & , &HOFFDSC&
Data &H10030C& , &HEOQ1158& , &HOFF6D4& , &HE01158& , &HOFFIEO&
Dama &H10079B& , &HE0553F & , & HOFE91A& , &HE0553F& , &HOFFOB5 &
Data &H1012F8& , &HE1D6D9& , &HOFC6ES& , &KHE1D6D9& , &HOFDYE1 &
Daw &H102F18& , KRHEAG60B6& . &HOF7243& , SHEA60B6& , &HOFA15B&
Data &H1073C3& , &HOE34AA& , &HOEA39B& , &HOE34AA& , &HOF175E&
'5 Db

Data &H100063& , &HE(014C& , &HOFFE9D& , &HEQU14C& , &HOFFF00&
Data &H1000F4& , §HE0043F & , &SHOFFC98& , &HEO043F& , &HOFFDBC&
Data &H100262& , &HE01158& , &HOFF77E& , &HFE01158& , &HOFFIEO&
Data &H1005F3& , &HE0553F& , &HOFEAC2& , &HE0553F& , &HOFFOB5&
Data &H100EDS5& , & HE1D6D9& , &HOFCBOB& , &HE1D6D9& , &HOFDOE1&
Data &H1024D4& , KHEA60B6& , &HOFTC87& , &HEA60B6& , &HOFA15B&
Data &H105A86& , &HOE34AA& , &HOEBCD3& , &HOE34AA& , &HOF175E&



'4 Db

Data &H10004A& , &HE0014C& , &SHOFFEB6&: , KHE0014C4& , &HOFFFQ0&
Data £H1000B7& , &HE0043F & , &HOFFCD5& , &HE0043F& , &HOFFDRC&
Data &H1001CA& , &HEO1158& , &HOFF815& , &HEQ1158& , &HOFFIEQ&
Data &H100478& , &KHE0553F& , &HOFEC3D& , &HE(0553F& , & HOFFOB5&
Data &H100B25& , &HE1D6D9& , &HOFCEBB& , &HEID6D9& , &HOFD9E1 &
Data &H101BAD& , &HEA60B6& , &HOF8SAE& , &HEAG60B6& , &HOFA15B&
Data &H104408& , &KHOE34AA& , &HOED356& , &HOE34AA& , &HOF175E&
'3 Db

Data &H100034& , &KHE0014C& , &KHOFFECC& , &HE0014C& , &HOFFF008:
Data &H100081& , &HE0043F& , &HOFFDOB& , &HE0043F& , &HOFFD8C&
Data &H100143& , &HE01158& , &HOFF89C& , &HE01158& , &HOFF9EQ&
Data &H100327& , &KHE0553F& , &HOFEDSE& , &HE0S53F& , &HOFFOBS &
Data &H1007DC& , &HE1D6D9& , &HOFD204& , &HEID6D9& , KHOFDIE1&
Data &H101385& , &HEAG60B6& , SHOFSDD6& , &HEAG60B6& , &SHOFA1SB&
Data &HI102FFB& , &HOE34AA& , &SHOEET762& , &HOE34AA& , &HOF175E&
'2 Db

Data &H100021& , &HE0G14C& , &KHOFFEDF& , &HEQQ14C& , &HOFFF00&
Data &H100051& , &HE0043F& , &§HOFFD3B& , &HEQ043F& , &HOFFD8C&
Data &H1000CA& , &HEOQ1158& , &HOFF915& , &HEQ1158& , &HOFF9EO&
Data &H1001FA& , &HE0553F& , &HOFEEBB& , &HE0553F& , &HOFFOB5&
Data &H1004EF& , &HE1D6D9& , &HOFD4F1& , &HEID6D9& , &HOFD9E1 &
Data &H100C40& , &HEA60B6& , &HOF951B& , &HEA60B6& , &KHOFA15B&
Data ZH101EID& , &SHOE34AA& , &HOEF941& , &HOE34AA& , &HOF175E&
1 Db

Data &H10000F & , &HE0014C& , &HOFFEF 1& , &8HE0014C& , &HOFFF00&
Data &H100026& , &HEQ043F& , &HOFFD66& , &HE0043F& , &HOFFDEC&
Data &H10005F& , &HE01158& , &HOFF980& , &HEQ1158& , &HOFFIE0&
Data &H1000EE& , &HE0553F & , &HOFEFC7& , &HEQ553F& , &HOFFOB5&
Data &H100253& , &HE1D6D9& , &HOFD78D& , &HEID6D9& , &HOFDIE1 &



Data &H1005C6& , &HEA60B6& , &HOF9B95& , &HEAGOB64&: , &HOFA15B&
Data &H100E31& , &HOE34AA& , &HOF092D& , &HOE34AA& , &HOF175E&
'0 Db

Data &H100000& , &HE0014C& , &HOFFF00& , &HE0014C& , & HOFFF00&
Data &H100000& , &HE0043F& , &HOFFDEC& , &HE(043F& , &HOFFDRC&
Data &H100000& , &HEO01158& , &HOFFSEOQ& , &HEQ1158& , &HOFFSE0&
Data &H100000& , &HE0553F& , &HOFFOB5& , &SHE0553F& , &HOFFOB5&
Data &H100000& , &HE1D6D9& , &§HOFDSE1& , &HEID6D9& , &HOFD9E1 &
Data &H100000& , &HEA60B6& , &HOFA15B& , &HEA60B6& , SHOFA15B&
Data £H100000& , &SHOE34AA& , &HOF175E& , &HOE34AA& , &HOF175E&
'-1 Db

Data &HOFFFFO& , &HEQOQ16B& , &HOFFEF1& , &HE0016B& , &HOFFEE1&
Data &HOFFFD9& , &HEQ048C& , &HOFFD66& , &SHE0048C& , &HOFFD40&
Data &HOFFFAO& , &HE01217& , &HOFF9R80& , &HE(Q1217& , &HOFF921&
Data &HOFFF11& , &HE05717& , &HOFEFCT7& , &HE05717& , &HOFEED%&
Data &HOFFDAC& , &HE1DB3B& , &HOFD793& , &HEIDB3B& , &HOFD540&
Data &HOFFA3B& , &HEA6880& , &HOF9BB9& , &HEA6880& , &HOF9SF5&
Data &HOFFIDB& , &HOE281C& , &HOF0A07& , &HOE2B1C& , &HOEFBE3&
'-2 Db

Data &HOFFFDE& , &HEOO18E& , &HOFFEDF& , &HE0Q18E& , &HOFFEBE&
Data &HOFFFAE& , &HEGME2& , &HOFFD3B& . &HEOU4E2& , &HOFFCEA&
Data &HOFFF35& , &SHEQI12ED& , &HOFF915& , &SHE012ED& , SHOFFB4A &
Data &HOFFEOS& , &HE05929& , &§HOFEEBD& , &HE05929& , &HOFECC2&
Data &HOFFB12& , &KHE1E(24& , &SHOFD4FF& , &HEIE024& , &HOFDO11&
Data &HOFF3C8& , &HEA7138& , &HOF956C& , &HEAT138& , &HOFBG35&
Data &HOFE2tA& , &HOE1A1F& , &HOEFB2B& , &HOEIAIF& , &HOEDD46&
'-3 Db

Data & HOFFFCB& , &HE001B5& , &HOFFECC& , &HEQ01B5& , &HOFFE97&
Data &HOFFF7E& , &HE00542& , &SHOFFDOB& , &HE(00542& , &HOFFC8A&
Data ZHOFFEBC& , &HEO13DD& , &HOFFR9D& , &HEO13DD& , &HOFF75A&



Data &HOFFCD9& , &HE05B7B& , &HOFED92& , &HE05B7B& , &HOFEA6B&
Data &HOFF826& , &HE1ESA4& , &HOFD21A& , &HEIE5A4& , &HOFCA41&
Data &HOFEC92& , KHEATAFT7& , &HOF8E60& , &HEATAF7& , &HOFTAF3&
Data &HOFD092& , &HOEOASE& , &SHOEEAA2& , &HOEQASES , &HOEBB35&
"4 Db

Data &HOFFFB5& , &HEOO1E1& , &HOFFEB6& , &HEOU1E1& , &HOFFE6B&
Data &HOFFF48& , &SHEQOSAE& , &HOFFCD5& , &HEQOSAE& , &HOFFC1E&
Data &HOFFE354& , &HEO14EB& , &HOFF816& , &HEQI4EB& , &HOFF64C&
Data &HOFFB88& , &HEOSE16& , &HOFEC42& , &HEOSE16& , & HOFETCB&
Data &ZHOFF4E1& , &HEIEBCE& , &HOFCEDD& , &HEIEBCE& , &HOFC3BF&
Data &HOFE482& , &HEA85DD& , &HOF8680& , &HEA85DD& , &HOF6B024&
Data &HOFBD14& , &HODF940& , KHOEDS40& , &HODF940& , &HOE95544&
"-5Db

Data &HOFFF9C& , &HE00212& , &HOFFESD& , &HE00212& , &HOFFE3A&
Data &HOFFFOC& , &HE0(0627& , &HOFFC99& , &SHE00627& , &HOFFBAS&
Data &HOFFDYE& , &HE01619& , &KHOFF77F& , &HE01619& , &HOFF51D&
Data &HOFFAOF& , &HE06101& , &HOFEACA& , &HE06101& , EHOFEAD9Y&
Data &HOFF138& , &HEIF2B6& , &HOFCB3C& , &HE1F2B6& , &HOFBC74&
Data &HOFDB7F& , &KHEA9209& , &HOF7DB3& , &HEA9209& , &HOF5933&
Data &HOFA76E& , &HODE60SS , &HOEC3IDS& , & HODE608& , &HOE6B43&
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