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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 microcontroiler 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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#aFun 2Fmax 131 “audTundad Nyquist frequency)” Taodui 1 Fs dni
I i o - = 1] 4 J
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3114 2.8 naaams Sampling Fyanaisarionndudyanaiaiaealas AD uazutlandy

WudaanauduTan iy D/A2.1.4

2.3.4 N13M0U RS (Quantization)
. . o 4 4
Sampling rate sxiludafinuannndesvesswanganlfunumingu Taude
. . o 4 )
imiimdimuagaasludiddude Tilvzdluszfuvesdygudaiiudoyaves amplitude
] c; - Ld J L ] -
vorggnaludunisihinig sampling Tasduszduvesdygnueziusgiviuiuiiaves
[ ¥y ¥
d8Y0 19U quantization 1111 16 bit 92 1&83zAVvEIdYy g IUADAIANS quantize VisFU6S 536
seAudog
nowivean13nioulad (Quantization  Theorem) na 121431 m3neuladiiiv
- o 1 a 1
uumanlasdyg ueuidan Mitudayamedsasandiudadmiudyguoudon
1 a oy ¥ Y o - o
agluzdvaanialum? dudu Tasmnsninewiynildnnnisaieulad uazvuiaves
- o ar
fyopaewideaunioniiuniiv Aez 1dns maou lagmauime iy (Quantize Transfer

o <
Funetion) Aanoaelugilinz 9
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n  9IuMUINYsITHAASn DA

QUANTIZED ouTPUT } v 0111
0110
0101
0100
0011,
oot
0001
0000 .4
111 ANALOG INPUT VOLTAGE
1110
1101
1100
1011
1010
1001
1000

U 2.9 noamsured Handuvee quantization 16bit
' ' . Y da 4 2
MAmANARBazszAYdyguidatiurinsofiuasm 1den
Q=FSR/2"

Taod  Q: manuuARd AR TRy
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aingumsezifuh dednnuianniu vinavea @ Aezana uazdis nhdygu
swdenlaquhimineuladuds ezfiuduilewait iWeinmneulasunBsudeudu
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R o = - da &L -
(Quantization Error) ﬂillﬂﬁﬂuﬁﬂ'ﬂﬁl.].OIﬂUﬂ’J'Il.IHﬂ'ﬂﬂ'lﬂﬂlﬂﬂﬂuulﬂu‘ﬂi‘iI.I'I"IH‘UDQ
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it O

ol oy o oo J o
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2.4 nquluinsneviinioined
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veiilinu auiARiny L1osuAnd AU (Y Tmitsanusimslud iy Tusunsuuas
fayamu‘lu%ﬂnﬁm’fu ThsesiAsuddyanaenaeniduniaealud mnsofudggw
dumei TR TAnauriia MNTeuIUMT DMA (Direct Memory Access) 1R1u#2 Ti3Smany
dmividithInweinTomminodimuiu

TulnsnouInsmaniaszga MCs — 51 yawed usefuios s Taadlumahau
daunssuaIifiildozuandnfulinnsiavoanaTuladfil$nisnda woives
'1ulﬂmau1mnma*fmzqaffﬁﬁﬁ‘nﬁ’ﬂm C DYATINDIAUBS (¥ 80C31, 80CST exdluwed
voadiiindalaoerdumalulod cMos  daldwdeaulumniuiesnimazaunsa

auqums ldndsnuvesdilidnn lsunsudensdszndandsnuluss
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2.4.1 guenifivedlulnsnenInsomeinizga MCs-51
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-ihuluTnsnouInsames i @ figuina 8 fin
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P11[}2 a0 1 PR.O (ADDY
P1.2C]3 38 [ P01 JAD 1Y
P1.3] 4 a7 [ Po.2 1AD2)
P1.4]5s 23 [ PO.2 ADS
P1.5 = 35 PO.4 (ADw
P17 34 [ PO.5 (ADE)
P1.7C] 2 A% [0 PO.S ADEG)
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- 0
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1Ty PAS] 15 2 A P2s A1
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i o A ) o1 o
1% 2.14 uamsdaurRIns ieudevesgnsaiarsquus suvtia

modoynuutia rcidodunosradhimumsn mofeyasyntunie SDA(Seril
Data Line)auenodgygainimiivedoni mudgyguuIAnieynIunie SCL (Serial
Clock Line) 'l'umiaimuoia‘lﬂf&:ﬁunmuﬁqag1m1‘%¢ﬁaqfi1 @1t SDA uaz SCL

Tugiliiz. 14 umasdvesmadoudegunsalinquuin pesiividhqunsaliivh
msdeudoyutn £ fnmnnarelidwzduleSvnowesasunainidna VO Expanden,
todulasdgygraeuinendudiaee (ADC) tazunidygyrudtneaiiiuewinendAc),

Tod3amindenRTC), TodiuTuga LCD, mirvanusidansou uazluInsneuTnsnmes

1. quaiiilamt Wveatfa e

Mo SDA uaz SCL Humudynia 2 fiem1a (bi-directional line) ADATMITABH?
Anemuyasyfuns siu +sv Yaasanm eldmeiiannzaedngsuvazihiimsaade
'linuquﬁuhuuunﬁﬂaqﬁut?iutym1unauﬁmwﬂﬁmﬂumuﬁ’mmmﬁmm 299510 1A A
yoaqunseifapaguinia rc Kesdidnwuzidurcnsmsuila (open-drain) nioneninnmay
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sanmimemeadoyavulea BC gaile 100 Aladindeiu1iluTnuailnd (sandard mode) uas
qagaie 400 fTafiadeduriiluTmuannudage (fast mode) gUnsaifidosmeguinia rc
swhostimanuginthsufidedusznhame SDA iaz SCL i 400pF madndaginsel
vutle bC 1doyadimfumadiia 2 firfie 7 1im (7-bit  addressing) W30 104 (10-bit

addressing)
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lunsdionefiussduMnizvnnvinatngjusudunluds 2c v SDA uaz scL
vesUnsaiusdideaded @ rummeynsufuy SDA uag SCL Sund Rs Aouderdhgiin 12c

AsgUn 2.14
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f g g pe g 3 § i i 3 §
DA e . . |
O - - e

1 ) 4 w { o
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2. ninmiveals I°C
L .73 @ i A A
farcusznoudiomodogim 2 du deh 1éna1nnudifie SDA uag sCL guna
»
apWraunmenToll 1dwnne Faiudsdesiimadmuaguuuvesmsmmuauuie nie
! A ' J -, 1 L g
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@ aw - a ] ] ; - ar ¥ oy g ol 5 " @
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Hudrdafivsadiaife)
sol o ¥ a - o ] ' o
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A d 1 I o el ]
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dotmua 2 szmidWyuosnsdadountia rC Al
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1 Introduction

1.1 Description

The TAS3004 device is a system-on-a-chip that replaces conventional analog equalization to perform digital
parametric equalization, dynamic range comprassion, 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 12C slave port or from an external EPROM through the 12C master port.

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

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

The intemal loudness contour algorithm can be controlled and programmed with an I12C 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 (12S, left justified, right justified) with data word iengths 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-iocked 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

+ Programmable seven-band parametric equalization

s Programmable digital volume control

= Programmable digital bass end trable control

+ Programmable dynamic range compression/expansion (DRCE}
¢ Programmable loudness contour/dynamic bass control

+ Configurable seriel port for audio data

» 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 controlled by 12C commands.

s Three output data channels: Left and right data go through equalization; bass, treble, DRCE, and volume
to SDOUT1; SDOUTZ mixes left and right data. SDOUTZ2 operates as a center channel or subwoofer
channel. The output of the ADC is available for additional processing.

» Capabiiity 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 opsration
» Serial I2C master/slave port that allows:

-~ Downloading of control data to the device externally from the EPROM or an 12C master
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1-2

- Controfling 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 cosfficients

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



1.3 Functional Biock Diagram
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PIO—>] o > 24-8it '
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SDA < g > Processor > l
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Figure 1—1. TAS3004 Block Diagram
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1.4 Terminal Assignments

LINA [INC
VRFILY [ Avop
AVSS(REF) ] NC
AVss ] GPIS
INPA 1 GPI4
RESET ] GPI3
CS1 ] GPI2
PWR_DN ] GPIt
TEST ] GPIO
CAP_PLL ] ALLPASS
CLKSEL ] SDOUTH
MCLKO ] sDOUTO
X905 8888Kz2E
T LT
3 & &
s -
»

Figura 1-2. TAS3004 Terminal Assignments

1.5 Terminal Functions

Table 1-1. TAS3004 Terminal Functions

TERMINAL

NAME NO. i DESCRIPTION
AINLM 486 | ADC left channel analog input {anti-alias capacitor)
AINLP 47 I ADC left channel analog input {anti-alias capachor)
AINRM 43 ! ADC right channel analog input (anti-alias capacitor}
AINRP 42 { ADC right channel analog input {anti-afias capacitor)
ALLPASS 7 | Logic high bypasses equalization filters
AQUTL 38 Q Left channel analog cutput
AQUTR 37 Q Right channel analog output
AVDD 35 | Analog power supply (3.3 V}
AVss 4 1 Analog voltage ground
AVSS(REF} 3 ! Analog ground voltage reference
CAP_PLL 10 ] Loop filter for intemal phase-locked loop (PLL)
CLKSEL 1 I Logic low selects 256fg; iogic high selects 512fg MCLK
Cs1 7 t | 12C address bit AG; low = 6Bh, high = 6Ah

14




Table 1-1. TAS3004 Terminal Functions (Continued)

TERMINAL
NAME NO. o DESCRIPTION

DVpD 17 | Dightal power supply (3.3 V)

DVss 18 | | Digital ground
.E;;C-)“ 28 | Switch input terminals

GPI1t 29

GP12 30

GPi3 3t

GPH 32

GPI5 33

IFM/S 21 ] Digitat audio 1O control {low = input; high = output)

INPA 5 0 Low whan anailog Input A is selected (will sink 4 mA)

LINA 1 I Left channel analog input 1

LINB 48 | Left channel analog input 2

LRCLK/O 19 | VO | Lefuright clock inputioutput (output when IFMIS is high)

MCLKO 12 (0] MCLK output for slave devices

NC 34 No connection; Can be used as a printed circuit board routing channel
NC 3% No connection; Can be used as a printed circuit board routing channel
PWR_DN 8 I Logic high places the TAS3004 device in power-down mode
[RESET 8 I | Logic low resets the TAS3004 device to the iilial stale

RINA 40 i Right channel analog Input *

RINB 41 1 Right channe! analog input 2

SCL 15 | VO [12C dock connection

SCLKIO 20 | VO | Shift (bit) clock input {output whan IEWJS s high)

SDA 16 | 1O {I12C data connection

SDIN1 22 I {Sorial data input 1

SDIN2 23 | Serat data input 2

SDOUTY 26 0 Serial data output (from intemnal audio processing}

SDOUT2 24 0 Serial data output (& monaural mix of left and right, before processing)
SDOUTOD 25 0 Sarial data output from ADC

TEST 9 | Reserved manufacturing test terminal; connect to DVgg

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

capacitors)

VREFM 45 i ADC minus voitage reference

VREFP 44 | ADC plus voltage raference

VREILT 2 o] Voltage reference low pass filter

XTALIMCLK 13 | Crystal or extemnal MCLK input

XTALO 14 | Crystal input {crystal is connected between terminais 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/O) 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
requiring externally supplied MCLK, LRCLK (left/right clock), and SCLK (shift clock) inputs. There are two options
for sefecting 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.
+ [f the LRCLK phase changes more than 10MCLK, the codec automaticaliy resets.

The TAS3004 device is compatible with 13 different sarial interfaces. Available interface options are 125, right justified,
and left justified. Table 2-1 indicates how the 13 options are selected using the I2C bus and the main control register
(MCR, 12C address x01h). All serial interfaca options at either 16, 18, 20, or 24 bits operate with SCLK at 64fg.
Additionally, the 16-bit mode operates at 32fg,

Table 2-1. Serial Interface Options

MODE | MCRBIT(6) | MCRBIT{3-4) | MCRBIT(1-0) SDINT, somz,s ::&Er:?;fﬁf%?mn SDOUTO
0 0 00 00 16-bit, left justified, 321g
1 1 00 00 16-bit, lefl justified, B4fg
2 1 01 00 16-bit, right justified, 64fg
3 1 10 00 16-bit, 125, G4fg
4 1 00 o 18-bit, left justified, 64fg
5 1 01 o 18-bit, right justified, 64fg
6 1 10 01 18-bit, 125, B4fg
7 1 00 10 20-bit, left justified, 64fg
8 1 01 10 20-hit, right justified, 64fg
9 1 10 10 20-bit, 128, 64fg
10 1 00 1 24-bit, left justified, 64fg
1 1 o 11 24-bit, right justified, 64fg
12 1 10 1 24-bit, 125, 64fg

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 normat 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.

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

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

e 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 (ptayback) data is transmitted at the same time as LRCLK edge and captured at the
next rising edge of SCLK.

» [ LRCLK phase changes by more than 10MCLK, the codec automatically resets.

LRCLK =1g | |—

Left Channe! Right Channel
Figure 21, MSB First, Right-Justified Serial Interface Format—Normal Moda



3 Analog input/Qutput

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 12C 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 V. 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.

®

1200
vl P _ AINRP
N hd
0.47 uF i O AINRM
@ )} o-RINA Voltage
P )! RINB Referance
04T uF
AINRP
@ > AINRM
1200 pF
N _ AINLP 24-Bit
s = Stareo
oar | o-AINLM ADC
O ot
" o ~ LINB AINLP
T -~
0.47 uF
AINLM
@ Analog Inputs - Use 0.47 uF for 20-Hx Cutoff Input Seiect Command

From Iremal Controller
@ Anti-Alias Capacitors for g = 48 kHz

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

Figure 3-1. Analog Input to the TAS3004 Davice

3.2 Analog Output

3.2.1 Analog Output

The full scaie analog output from the TAS3004 device is 0.7 Vims. It is referenced to VCOM which is approximately
1.5 Vde. VCOM must be decoupled with the network as shown in Figure 3-2.
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Analog Qutput
(Adjust Capacitors for Desired
Low Frequency Responss)

Aoulz_/

24-Bit VCOM

DAC _T: 1

10uF 0.1 uF
ACUTL 1

— AGND
l_

Figure 3-2. VCOM Decoupling Network

3.2.2 Analog Output With Gain

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

Analog Output
{Adjust Gapacitors for Desired
Low Frequency Response)

\ AQUTR
A

TLV2362
or Equilvalent

10 uF ‘T_ l 0.1 pF
AOUTL 1 +50p Ampiz .
|

C1=C2=C3

Cq=Cs

TLV2362
or Equilvalent

+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.

0.1 oF
\
I
1pF
L+
A *
0.1 uF
\
l »
4 [2] [es
[
d 5 2 E o
X [ o &
3 > >
>
< VREFP E—
TAS3004

Figure 3—4. TAS3004 Reference Voltage Fliter

33



4 Audio Control/Enhancement Functions

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

The volume is adjustable by downloading 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
control.

Volume is changed by writing the desired vaiue into the volume control registers. This is done by asserting the GPI
terminals for volume-up or volume-down for a limited range of volume control. Alternately, volume control settings
can be sant 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 volume 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 GPI 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
controlied through three mixer control registers. This is accomplished by loading values into the corresponding 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 integer and 20 bits for the fractional part.
Table A8 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 charinels, Os are loaded into the respactive mixer control register.

Mixer controls are updated instantly and can cause audible artifacts for large changes in setting when updated
dynamically outside 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 control
registers are represented in 4.20 format.
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Left Channel Mix Coefficients
——
12C Register Address 08h SDINT ~ SDIN2 * ADC

= (3} 24-Bit Left Mix Coefficlent

SDIN1_L.

SDIN2_L 7 Biquad

Filters I Tona P

SDOUTH

SDIN2_R 7 Biquad Tone VM::.Q
DRCE
R_SUM
= 172
[\ N L + R_SUM SDOUT2
L7 \L/

Right Channsl Mix Coefficients
—
12C Register Address 0Th g‘E'!! * SDIN2 ‘;A_DE.

= (3) 24-BH Right Mix Coefficlant
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 fuli 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.
Altemately, a limited range of treble control is available by asserting the GP1 terminals.

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

The gain values for treble control 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.
Altemately, a limited range of bass control is available by asserting the GP| terminals.

Bass control is a shelf filter with a corer frequency of 250 Hz at a 48-kHz sample rate.
The gain values for bass control can be found in Section A4,

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 I12C command. See Section 4.8 for
analog control register operation.

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

Response (dB) —_\ De-Emphasis

|

3.48 10.8
{30 ps) (15 pa}

Frequency (kHz)
Figure 4-2. De-Emphasis Mode Frequency Response



4.8 Analog Control Register Operation

The analog control register (ACRY} 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 ) 5 4 3 2 1 0
Type RW | R'W | R'W | RW | R'W | R'W | RW | R'W
Defauit 0 0 0 0 0 0 0 b

Table 4-1. Analog Control Register Description

BiT FIELD NAME TYPE DESCRIPTION
7 ADM RAW | ADC output mode.
0 = Normal oparatlon
1 = A inpuls are normal; B inputs are monaural.
6 LRB RAW | Selects lefl or right B input for monaural output.

0 = B lefl input salectad for menaural ADC output when bit 7 (ADM) is set to 1.
1 = B right input selected for monaural ADC output when bit 7 (ADM) is sat to 1.

Reserved. Bits 5 and 4 retum 0s when read.
De-emphasis control.
00 = De-emphasis off (initial condition after reset)
01 = 48 kHz sample rate de-emphasis selected
10 = 44.1 kHz sample rate de-emphasis selected
11 = Reserved
1 INP RAY | Analog input select.
0 = LINA and RINA selacted (initial condition after raset)
1 = LINB and RINB selecied
0 APD RMW | Analog powerdown.

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

54 RSVD
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4.9 Dynamic Loudness Contour

The necessity for applying loudness compensation to playback systams to compensate for the fact that the ear
perceives bass and trebie less audibly at low levels than at high ones has been 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 acceptance level of ISO recommendation.

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

the contour circuit and the volume level.
Volume »69———»

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 external device to provide tracking with the system’s volume controf.

491 Loudness Biquads

Loudness biquad filters for the left and right channels are independently programmable via I2C. Their subaddresses
are Ox21 and 0x22, respectively. The digitel filters are written as five 24-bit (4.20) hex coefficients for each channel.

492 Loudness Gain

Loudness gain values for the left and right channels are independently programmable via 12C. Their subaddresses
are 0x23 and Ox24, respectively. The gain values are written as one 4.20 hex cosfficient for sach channel.

49.3 Loudness Contour Operation

When the frequency of the loudness contour is determined, a digital filter must be developed. Then, the gain of the
filter is determined. These values are piaced 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 coefficisnts are sent by the system
caontroller. 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 filters are provided in addition to the seven equalization biquad filters.

Ses Section 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 volumefloudness 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 signal to extend beyond the available range.

Loudness
{Parametric
{Left Channal Mixor) Equalization) (Tone)
(DRCE Scaling)
SDIN1_L _\ m
LEFT_SUM Bass/ Soft Saturation |LEFT_OUT
»| 2nd Order > ———»
SDIN2_L ‘i J IR Filters Treble Valume/ Logic
A A
ANALOGIN_L
> Dynamic
{Analog in From ADC) Range
| Controi
ANALOGIN_R
SOMIR Y rigHT_sum -
\ . 2"d(0)rdor . | Bass/ Soft | Saturation RIGHT_OuT
SDIN2 R E J HR Filters Treble Volume/ Logic
{Right Channel Mixer} {Parametric (Tone) {DRCE Scaling)
Equallration)

Lowinass

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 downicaded 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 corresponding 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
television set application,

4.11 AllPass 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 AlfPass (flat) mode. When this terminal is reset to 0, the equalization fiters are retumed
to the equalization that was in use before the terminal was asseried.

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

This function is frequentty 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 device contains two main control registers: main control register 1 (MCR1) and main control register 2

{(MCR2). The MCR2 contains the biis 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)
Bit b7 b6 | b5 b4 b3 | b2 | b1 b0
Type Rw | R R R R R |RW]| R
Default 0 0 0 X X X 0 0
Table 4-2. Main Control Register 2 Description
BIT

DESCRIPTION
0 = Normal operation (initial condition efter reset)
1 = Download bass and treble
Reserved. Bits b6 and b5 retum 0s when read.
Undefined.

b1

0 = Normal cpsermation {Inittal condition after reset)
1 = AliPass mode (bass and treble are still functional}

Reserved. Bit b0 retums 0 when read.

TYPE
b? R/W
R
R
R/W
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) coefficients. Each stereo channel has
independent coefficients.

—— ] Biquad 1 p| Biquad2... p! BiquadN }——p

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 biguad fiter memory space has an independent address. Digital audio data coming into the device is
processed by the biquad block and then converted into analog waveforms by the DAC. Alternately, filters can be
loaded by asserting terminals on the GPI port.

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

by +bysz=1+b,z—2

ag+a;z 1 +az"2 )
NOTE: ag is fixed at value 1 and is not downioadable.

The coefficients for these filtters 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 iIntroduction

Control parameters for the TAS3004 device can be loaded from an i2C 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 clock) to communicate between integrated circuits in
a system. These devices can be addressed by sending a unique 7-bit slave address plus RW bit (1 byte). All
compatible devices share the same terminals via a bidirectional 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 supporis a subset of the SMBus protocol. When it is attached to the SMBUS, then
byte, word, and block transfers are supported. The SMBus NAK function is not supported and care must ba taken
with the sequence of the instructions sent to the TAS3004 device.

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

6.2 12C Protocol

The bus standard uses transitions on SDA while the clock is high to indicate start and stop conditions. A high-to-low
transition on SDA 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 protocot to ba generated by the master. The master must also generate the 7-bit
slave address and the read/write {(R/W) 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 sequence.

After each 8-bit word, an acknowledgment must be transmitted by the receiving device. There is no fimit 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 6—1 shows a generic data transfer sequence.

— =
(]! 7-Bit Ri| o | 8BitRegisterData | , | 8-BtRegistarData | , | 8-BitRegistorData | L

SDA | ! Slave Address | W for Address (N) for Address (N) for Address (N+1) } |
T ™
| 1 {( ({4 [{ L[ | 1
N A AU 7/ 0 AT N 20 A ) A S A S T ) B I S O N ) R |
| | 17 ] 17 17 | |

sCL ||||Ili”||lIlIIILIL.l"’LJLJLILIUUs'UUUUUUS’UUUUI|
i L
Start Stop

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

The TAS3004 device contains an internal microcontroiler programmed by Texas Instruments to perform
housekesping 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 8K bytes of memory. It interfaces with the digital
audio interface 12C master/slave for downloading data and coefficients. It also interfaces with two internal DSP's for
transferring coefficients and other information.

The TAS3004 coefficients are loaded through [2C 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 terminals.
Upon reset, the internal microcontroller sets all coefficients and audio parameters to the default values. See
Section 7.2.2 for default vaiues.

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 device remains in its default
condition. If addresses other than 68h/69h are set, the TAS3004 device only operates as an 12C slave device.

If the microcontroller determines the TAS3004 device has an I2C address of 68h/69h and the EPROM is present, the
microcontroller 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 serial 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/ireble up and down, or digital
equalizations. Up to five different equalizations (that is, flat, jazz, rock, voice, etc.) can be stored in the external
EPROM. Also, DRCE, MCR1, MCR2, and loudness contour are enabled and disabled by I2C.

When the TAS3004 device operates in the I2C master mode, it echoes 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

7.2.1 Power-Up Sequence

An active low on terminal 6 (RESET) while MCLK is running, resets the internal microcontroller and DSP(s). RESET
synchronizes internally and can be asserted asynchronousiy 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 12C 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 xAGh.

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 intemnal reset. Upon reset, the TAS3004 device goes through the
following process:

e 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 (INFA) 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

e Sets the mixer gain to 0 dB SDIN1 and mutes both SDIN2 and analog-in

e Sets the volume to —40 dB

s Turns off alt enhancement features (DRCE, elc.).

« Reads the 12C address. If the address is 68h, the device reads its EPROM. It is possible to load the
user-defined bassftreble data and break points {optional). If thers 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 Resest Circult
Since the TAS3004 device has an intemal power-on reset {POR), in many cases, additional components are not
needed to reset the device. It resets intemally 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 differance
in the time the system power supplies take to become stable, the TAS3004 reset can be delayed by a simple RC
circuit.

DVpp

10 k(2
TAS3004

6 § RESET

0.1 |J.F I
~ DVgg

Figure 7-1. TAS3004 Reset Circuit
The values for the above circuit can be calculated by the simple equation:
trd = 0.8BRC + 400 ps
Where: 4 = 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 FastLoad Mode

While in fast load mode, it is possible to update the parametric equalization without any audio processing delay. The
audio procassor pausas while the RAM is updated in this mode. Bass and treble cannot downioad in this mode. Mixer1
and Mixer2 ragisters can download in this mode or normal mode (FL bit = 0).

7-2



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 resat/initiatization 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. Iin the power-down made, the intemal contral
registers and equalization programming of the device are stored in the device.

To enter power-down mode:
s Asser the power-down control signal (1)
» Set the sarial audio input clocks to 0
The TAS3004 device goes into power-down mode.
To exit the powar-down mode:
s 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 signal (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

PWR_DN

f‘

=
[v]
a2
=

|
J

f
.I
1
I
|
]
I
|
]
t
|
!
|
|
l¢— Normal Operation -
I
[ 1me -

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 tast and must not be asserted.

7.5 Internal Interface

Figure 7-3 shows the block diagrem of the interface between the microcontroller and its periphersl biocks.

7.6 GPI Terminal Programming

During initialization, the microcontroller fetches a control byte from its EPROM or receives a command from I12C.
7.6.1 Switch Interface

The six GPI terminals are programmed {o operate in the following manner;

Table 7-1. GPI Terminal Programming

GPI5 GPI4 GP13 GPI12 GPH GPID
VOL_UP, +1dB X
VOL_DN, ~1 dB x
BASS_UP, +1dB X
BASS_DN, -1 dB X
TREB_UP, +1 dB x
TREB_DN, -1 dB x
Shift 1 X X
Mute
EQ1 X
EQ2 X
EQ3 X
EQ4 X
EQ5 X
Shift 2 X X
NOTE: x = Logi: iow

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

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

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

7.6.2 GPI Architecture

The GPI pravides simpie but flexible input port to activate the input parameters. Each terminal input is an active logic
low.
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Power Up
vy
Restore Volume Initialize Default
and MCR

Initialize TAS3004
TAS3001

<

Load Parameters
and Coefficients

to DSP

Slave Write

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

DRC_OFF

T 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 byts = 0000 0000
Q0z2h 1 MCR
003h—00Bh 9 Mixer left gain
00Ch—014h 9 Mixer right gain
015h-01Ah 6 DRC (ratio, threshold, energyq, attacka, decayo)
01Bh 1 Bass
01Ch 1 Trebta
01Dh-022h 6§ Volume
031h-03Fh 15 Biquad 0
040h—04Eh 15 Biquad 1
04Fh—05Dh 15 Biguad 2
05ER—06Ch 15 Biquad 3 Left channel
05Dh—07Bh 15 Biguad 4
07Ch—08Ah 15 Bigued 5
08Bh—098h 15 Biquad 6
09Ah 1 0 dB/bass
09Bh 1 0 dB/treble
09Ch-0A1h 6 Bass break
0AZh—0ATh B Troble braak
DABh—110h 105 Bass delta
111th-17%h 105 Treble deita
17Ah-17Fh 6 Bass set point
180h—185h 6 Treble sat point
186h—184h 15 Biquad 0
195h-1A3h 15 Biquad 1
1A4h-1B2h 15 Biquad 2
1B3h-1C1h 15 Biquad 3 Right chanpel
1C2h~1D0h 15 Biquad 4
1D1h~1DFh 15 Biquad 5
1EOh—1EEh 15 Biguad €

NOTE: Byiss are in the same order as thay appear in the 12C register map. The EPROM addrass 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 AD81 TASI004 TAS3001
002h 1 1 MCR 1EFh
003h-00Bh 2] 9 Mixer left gain 1FOh—1F2h
00Ch-014h ] 9 Mixer right gain 1F3h—1F5h
015h-01Ah 8 3 DRC (retio, threshold, energyo, atiacka, decayo) 1F6h=1FTh
01Bh 1 1 Bass 1Fah
01Ch 1 1 Trable 1F8h
010h-022h 8 8 Volume 1FAh-1FFh
031h—03Fh 15 Biguad 0
040h—04Eh 15 Biguad 1
04F1-05Dh 15 Biquad 2 TAS3004
0SER-06CHh 15 Biquad 3 right and ieft
08Dh—07Bh 15 Biquad 4 channel
07Ch-08Ah 15 Biquad 5
08Bh—099h 15 Biquad 6
09Ah 1 0 dB/bass
09Bh 1 0 dBAreble
09Ch-0A1h 6 Bass break
0A2h-0ATh 6 Treble break
0ABh—110h 105 Bass delta
111h=179h 105 Treble delta
1TAR-1TFh 6 Bass sat point
180h—185h 6 Trebile set point
186h—194h 15 Biquad 0
185h-1A3h 15 Biquad 1
1A4h—1B2h 15 Biguad 2 TAS3001
1B3t-1C1h 15 Bkquad 3 right and left
1C2h—-1D0h 15 RBiquad 4 channel
1D1h-1DFh 15 Biquad 5
1EQh-1EER 15 Biquad &

NOTE: In this mode, the TAS3004 and the TAS3001 devices both use the same equalization coefficients for their right and lefl channels.
Byles are in the same order as they appear in the 2c register map. The EPROM address is xACh.



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

TA‘:‘:_?:B‘: 332538 gFu:%.EEF;. FUNCTION CATEGORY TA:':.?:; ;::;;E:s TAS3001
000h 1 Signature (2Ah)
001h 1 | o t o | o | o 1 | o
002h 1 MCR 1EFh
003h-00Bh 973 Mixer left gain 1FOh-1F2h
00Ch-014h a3 Mixer right gain 1F3h—1F5h
015h-018h 5/2 DRC (ratlo, threshold, snergyo, attacka, decayco) 1F8h—1FTh
01Ah 1 Bass 1F8h
G1Bh 1 Treble 1Fgh
01Ch-021h 6 Volume 1FAh-1FFh
031h-03Fh 15 Biquad 0 3A4h-3B2h 186h—194h
040n-04Eh 15 Biquad 1 383n-3C1h 195h—1A3h
04Fh—050h 15 Biquad 2 3C2h-3D0h 1Adh-1B2h
05Eh-0DECh 15 Biquad 3 Set0 3D1h~-3DFh 183h-1C1h
08Dh—-07Bh 15 Biquad 4 3EOh-3EEh 1C2h-1D0h
07Ch-08AN 15 Biquad 5 3EFh-3FDh 1D1h—1DFh
088h—099h 15 Biquad 6 3FER—40GCh 1E0h—1EER
09Ah-185h 236 Bass treble tabie
200h-20Eh 15 Biquad 0 40Dh—41Bh 5B1h—5BFh
20Fh-21Dh 15 Biquad 1 41Ch—42Ah 5COh-5CEh
21Eh-22Ch 15 Biquad 2 42Bh—439h S5CFh-5DDh
22Dh-238h 15 Biquad 3 Set 1 43Ah—448h S5DEh-5ECh
23Ch—24Ah 15 Biquad 4 449h—457h SEDh-5FBh
248h-259h 15 Biquad 5 458h—466h 5FCh-50Ah
25Ah-268h 15 Biquad 6 467Th—-475h 60Bh-618h
269h-277h 15 Biquad 0 476h—484h 61Ah—628h
278h—286h 15 Biqued 1 485h-493h 628h—-637h
287h-295h 15 Biquad 2 484h—4A2h 638h-646h
296h—2A4h 15 Biquad 3 Sel 2 4A3h-4B1h 647h-655h
2A5h-2B3h 15 Biquad 4 482h—4C0h 666h—664h
2B4h-2C2h 15 Biguad 5 4C1th—4CFh 665n—673h
2C3h-2D1h 15 Biquad 6 4D0h—4DEh 674h—682h
2D2h-2E0h 15 Biguad 0 4DFh-4EDh €683h-691h
2E1h—2EFh 15 Biquad 1 4EEh—4FCh 692h—6ADh
2F0h-2FEh 15 Biguad 2 4FDh-50Bh 6A1h-BAFh
2FFh-30Dh 15 Biguad 3 Set 3 50Ch-51Ah 6B0h-6BER
30Eh-31Ch 15 Biquad 4 51Bh-526h 6BFh—BCDh
31Dh-32Bh 15 Biquad & 52Ah-538h 6CEh—60Ch
32Ch-33Ah 15 Biquad 6 538h-547h 6DDh—8EBh
33Bh—345h 15 Biquad 0 548h-556h 6ECh-BFAh
34Ah-358h 15 Biquad 1 557h-565h 6FBh-708h
359h-367h 15 Biquad 2 566h-574h T0Ah-718h
368h-376h 15 Biquad 3 Set 4 575h—583h 719h-T727h
377h-385h 15 Biquad 4 584h-592h 728h-736h
386h-384h 15 Biquad 5 593h-5ATh 737h-745h
385h-3A3N 15 Biquad & 5A2h-5B0h T46h-754h

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

TAS3004 ADDRESS ;':'I :YBTEERS FUNCTION CATEGORY Tﬁﬁé:::::fs T:fgg%m‘:‘iis
00Gh 1 Signature (2Ah)
00th 1 | o | o | o | o 0 1
002h 1 MCR 1EFh
003h-008h 93 Mixer left gain 1FOh-1F2h
00Ch-014h 9/3 Mixer right gain 1F3h-1F5h
015b-018h 52 DRC {(ratlo, threshold, ensrgyc, attacka, decaye} 1Féh-1F7h
01Ah 1 Bass 1F8h
018h Treble tFgh
01Ch-021h 6 Volurme 1FAh-1FFh
031h—03Fh 15 Biquac 0 186h=194h 3A4h—-3B2h
040h—04Eh 15 Biquad 1 195h—1A3h 3B3h-3C1h
D4Fh-05Dh 15 Biquad 2 1A4h—1B2h 3IC2h~3D0h
05Eh-DECh 15 Blquad 3 Sel 0 1B3h-1C1h 3D1h-3DFh
06Dh--07Bh 15 Biquad 4 1C2h—-100h 3EOh-3EEh
Q7Ch—08Ah 15 Biquad 5 1D01h—1DFh 3EFh-3FDh
088h-06%h 15 Biquad 6 1EOh—1EEh 3FEh—40Ch
09Ah-185h 236 Bass treble table
200h—20Eh 15 Biguad 0 5B81h-58Fh 40Dh—41Bh
20Fh-21Dh 15 Biquad 1 5C0h-5CEh 41Ch-42Ah
21Eh-22Ch 15 Biquad 2 5CFh-5DDh 42Bh-43%h
22Dh-23Bh 15 Biquad 3 Set 1 SDER-5ECh 43Ah-448h
23Ch-24Ah 15 Biquad 4 5EDh-5FBh 448h—457h
24Bh-255h 15 Biguad § 5FCh—B0AR 458h—466h
25Ah-268h 15 Biquad 6 60Bh-615h 467h-475h
269h-277h 15 Biquad 0 81Ah—626h 476h—484h
278h~286h 15 Biquad 1 620h—637h 485h-493h
287h~295h 15 Biquad 2 638h-646h 494h—4AZh
296h—2A4h 15 Biquad 3 Set 2 647h-655h 4A3h-481h
2A5h—2B3h 15 Biquad 4 656h~664h 482h—4C0h
2B4h-2C2h 15 Biquad 5 665n-673h 4C1h—4CFh
2C3h-201h 15 Biguad 6 674h—682h 4D0Oh—4DEh
202h-2E0h 15 Biquad 0 683h-691h 4DFh-4EDh
2E1h-2EFh 15 Biquad 1 692h—GA0h 4EEh-4FCh
2F0h-2FEh 15 Biquad 2 6A1h—-BAFh 4FDh-50Bh
2FFh=30Dh 15 Biquad 3 Set3 6B0h-6BEh 50Ch-51Ah
30Eh-31Ch 15 Biguad 4 6BFh—6CDh §18h-528h
31Dh-32Bh 15 Biquad 5 6CEh—-BDCH 52Ah-538h
32Ch-33Ah 15 Biquad 6 600h—6EBh 539h-547h
33Bh-34%h 15 Biquad 0 6ECh-6FAh 548h—556h
34Ah-358h 15 Biquad 1 6FBh—709N 557h-565h
359h-367h 15 Blquad 2 70Ah-718h 566h-574h
368h-376h 15 Biquad 3 Sel 4 710h-727h 575h-583h
377h-385h 15 Blguad 4 728h—736h 584h-592h
386h-394h 15 Biquad 5 737h-745h 593h-5A1h
385h-3A3h 15 Biquad & T46h-754h 5A2h-5B0Ch

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

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

NOTE: ltems such as the PLL network and power supplies are omitted for clarity.

Figure 9—1. Sterso Application
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NOTE: Items 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-G48) PLASTIC QUAD FLATPACK
g, 27
0, 17
e e
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37 T 24
== =
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= e
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;T:% sQ ! L J L Gage Plane?
:—:%g sQ T_' 0,25 J
0,05 MIN oqe
s
G,95
7 075
AT IVRARERARIND dON Seating Plane 0,45
L~ 1,20 max [=]o.08 |
407317&/B 1096

NOTES: A. All linaar 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 Ragister Map

REGISTER

ADDRESS

NUMBER OF

BYTES BYTE DESCRIPTION

Reserved

0x00

Main control

0x01

C(7-0)

CRC

0x02

5 Ratio(7-0), Threshokd(7-0), Energy(7--0), Attack(7-0), Decay(7~0}

Resarvad

Ox03

Volume

0x04

VL(23-18), VL(15-8), VL(7-0)
VR(23-16), VR(15-8), VR(7-D)

Treble

0x05

1 T(7-0)

Bass

0x06

B(7-0)

Mixer left gain

07

) $1L{23~16), $1L{15-8), SIL(7-0)
821{23-16), S2L(15-8), S2L(7-0)
AIL{23-16), AlL{15-8), AIL(7-0)

Mixer right gain

0x08

9 S1R(23-16), S1R(15-8), S1R(7-0)
S2R(23-16), S2R(15-8), S2R(7-0)
AIR(23-16), AIR(15-8), AIR(7-0)

Resarved

Ox09

Left biquad O

Ox0A

15 BO{23-16), BO{(15-8), BO(T-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{1-0)

Left biquad 1

Ox0B

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)

Left biquad 2

0x0C

15 BO{23-16), RO(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), A$(7-0)
A2(23-16), A2(15-8), A2(7-0)

Left biquad 3

0x0D

15 BO{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 BO{23-16), BO(15-8), BO7-0)
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)

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), A2(7-0)




Table A-1.

C Register Map {(Continued)

REGISTER

ADDRESS

NUMBER OF
BYTES

BYTE DESCRIPTION

Left biquad 6

0x10

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)

Reserved

Ox11

Resarvad

12

Right biquad 0

0x13

15

BO(23-18), BO(15-8), 80(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)
A2(23-18), A2(15-8), A2({7-0)

Right biquad 1

Ox14

15

BO(23-186), 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

16

15

BO(23-16), BO{15-8), BOFZ-0)
81(23-18), 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)

Right biquad 4

017

15

B0{23-18), 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 5

Ox18

15

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

Right biquad 6

0x19

15

BO(23-16), BO{15-8), BOZ-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)

Raservad

020

Left loudness
biquad

Ox21

15

BO(23-16), BO{15-8), BO(7—-0)
B1(23-16), B1{15-8), B4(7-0)
B2(23-16), B2(15-8), B2(7-0)
A1{23-18), A1(15-8), A1(7-0)
A2{23-18), A2{15-8), A2(7-0)

Right loudness
biquad

Ox22

15

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

A-2




Table A-1. I2C Register Map (Continued)
REGISTER | ADDREss | NUMBEROF BYTE DESCRIFTION
Left loudness 0x23 3 LBG(23-16), LBG(15-8), LBG(7-0)
biquad gain
Right loudnass 0x24 3 RBG(23-16), RBG(15-8), RBG(7-0)
biquad gain
Tast 0x20 10 Resarved
Resarved 0x30 to OxFF
Anglog control 0x40 1 Anal_ctri{7-0)
Tost Ox41 1
Test Ox42 1
Main control 2 0x43 1 MCR2(7--0)
A.1 Main Control Register Map
A.1.1 Main Control Register 1
MCR 0X01
C(7) C(6) C(5) C4) C(3) C(2) c(1) C(0)
FL 5C E1 EO0 Fi FO W1 wo
1 X x % X X X X
Table A-2. Main Control Register 1 Dascription
REGISTER DESCRIPTOR FUNCTION VALUE DESCRIPTION
C(7) FL Fast load 0 Normal operation mode
1 Fast load mode
C(6) sC SCLK frequency 0 SCLK = 32fg
1 SCLK = 84ig
C(5-4) E(1-0} Serial port mode 00 Leh justified
01 Right justified
10 ?s
1 Reserved
C(3) XX 1 Resarved
c(2) 0 Download
Cl1-0) W(1-0} Serial port word 00 16-bit
length 01 18-bit
10 20-bit
11 24-bit
A.1.2 Main Control Register 2
MCR2 0X43
C2T) C2{6) C2(5) C2(4) £2(3) c2(2) c2(1) C2(0)
DL XX XX XX XX XX AP XX
1 0 Q 0 0 0 1 0

A3



Table A-3. Main Control Register 2 Description

REGISTER DESCRIPTOR FUNCTION VALUE DESCRIPTION
C2(T) DL Bass and freble 0 Nommal operation made
load 1 Downloaded values
C2(6) XX Resarved 0
1
C2(5) XX Reserved 0
1
C2(4) XX Reserved 0
1
C2(3) XX Reserved 0
1
C2(2) XX Raserved 0
1
C2(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
AT} A(B) A5} A4) A(3) A(2) A1) A(0)
ADM LRB XX XX DM1 DMO INP APD
0 0 0 0 1 1 1 1
Table A—4. Analog Control Register Description
REGISTER DESCRIPTOR FUNCTION VALUE DESCRIPTION
A7) ADM ADC output mada 0 Normal operation
1 B inputs are monaural
A(B) LRB Selacts left or 0 B {eft input selected for monaural ADC output when bit 7 {ADM)
right 8 input for is setto 1
monaural output 4 B right input sefected for monaural ADC output when bit 7 (ADM)
issetto 1
A(5) XX Reserved 0
1
Al4) XX Resarved 0
1
A3-2) DM(1-0) De-amphasis 09 De-smphasis off, nommal operation
control 01 Dea-emphasis for fg = 48 kHz
10 Da-emphasis for fg = 44.1 kHz
11 Reserved
A{1} INP Analog input 0 A inputs selected
select 1 B inputs salected
A0 APD Analog power 1 Powars down analog section
down 0 Normal operation




A.2 Volume Gain Command

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

{ DevicalD | Subaddress | wvi@23-16) | wvi(15-8) | wviz-0p | wR@a-1e) | vRos8) | vrp-o) |
For example, if left volume = 6 dB and right volume = —6 dB, then the command is:
[ s I o4 I o I FE [ ea | o0 | 80 | 4 |
Table A-5. Volume Versus Gain Values
VOLUME VOLUME VOLUME VOLUME VOLUME
GAIN (dB) "{,‘;’;_L“,’ GAIN {dB) \\'}(2135_:;)) GAIN (dB) “’}(213;;? GAIN (dB) ‘3;"5_1:}’ GAIN (dB) ‘5;’:;’
V{7-0) V(7-0) V(7-0) V(7-0) V(7-0)
180 |07,F1,78 30 01, 69, 8C -12.0 |00, 40, 4€ 270 {00,08, 6F 420 |00,02 00
175 |07, 7F, BB 25 01, 55, 62 -125 |00, 3c,BS -27.5 ]oo,0A cC 425 |00,01,EB
170 |07, 14,57 2.0 01,42, 49 -130 |00, 29, 50 -280 {00, 0A, 31 —430 [00,01,D0
165 |08, AE, F8 15 01, 30, 42 -13.5 |00, 36, 1B -285 |00, 08, OF —435 |00, 01,86
160 |06, 4F 40 10 01, 1F, 3D -140 00,33, 14 200 |00, 09,15 -440 |00, 01, 9E
155 |05, F4,E5 0.5 01, OF, 2B -145 |00, 30,39 -205 | 00,0893 445 |00,01.86
150 |05, 9F 98 0.0 01, 00, 00 -15.0 |00, 2D, 86 -30.0 }00,08, 18 450 |00,01,71
145 |05, 4F, 10 05 |00 Ft AE -155 |00, 2A, FA 305 |00,07 A5 455 |00 01,5
140 |05, 03, 0A -1.0 |00, E4,20 -16.0 | 00,28, 93 -31.0 |00,07,37 —460 |00, 01,48
135 | 04,BB, 44 -1.5 |00,07,66 -165 {00, 26, 4E =315 00,0600 # 465 ]00.01,36
130 104,77,83 20 |oo,cCB, 59 -17.0 |00, 24,29 -320 |00, 06, 6E —-47.0 {00,01,25
125 fos3788 || 25 [ooeRF9 175 |o00,22 23 -325 |o0o,086, 12 —475 00,01, 14
120 [03,FB, 28 -30 |oo,B5 3C -180 |00,20,3A -33.0 |00,05 B8R —480 {00,01,05
115 |03,c2,25 -35 |00, AB, 19 -185 |00, 1E, 6D -335 |00, 05,69 485 00,00, F6
110 |03 8C, 53 -0 |00 A1, 88 -190 oo, 1c. B9 3.0 |00, 05 1C —490 (00,00 ES
105 |03,58,83 45 |00, 88 7D ~19.5 |00, 1B, 1E -345 |00,04,D2 —95 |00,00,DC
100  |03,29,88 -50 )00, 8F F6 -200 |00, 19, 9A -350 |[00,04,8D -500 |00, 00,CF
95 02, FC, 42 -55  }00,87,E8 205 |00, 18,28 —355 |00, 04,4C -505 | 00,00, C4
9.0 02, D1, 82 -80 |00,80,4E -21.0 |00, 16 D1 —380 ]00,04,0F -51.0 |00, 00, B9
85 02, A9, 25 65 |00,79,20 215 |00, 15 8A -36.5 |00,03,D5 —51.5 | 00,00 AE
8.0 02, 83, 0B -70  }00,72 5A -220 |00, 14,56 -370 00,03, 9E -520 | 00,00, A5
75 02, 5F, 12 -75 | 00,6B,F4 225 |00,13,23 375 |00, 03,8A -525 |00, 00,98
7.0 02,30, 1D 80  [00,65 EA -23.0 }00,12,20 -380 |00 03,39 -530 |00, 00,93
65 02, 1D, OF -85 |00, 60,37 235  [00,11,1C -385 |00, 03, 08 -535 |00, 00,88
8.0 01, FE, CA -80 |00, 54, D5 -240 00,1027 -390 |00,02,DF -54.0 |00,00,83
55 01, E2,37 -95 ]00,55C0 -245 |00, OF 40 -385 |00, 02,86 545 |00, 00,78
5.0 01,C7,3D -10.0 |00, 50, F4 -250 |00, OE, 65 ~400 |00, 02 6F -850 |00,00,75
45 01, AD, C8 105 |00, 4C, 8D -255 100, 0D, 97 —405 |00 02 68 555 |00, 00, 6E
40 01,95, BC —11.0 |00, 48 27 -260 |00, 0C, DS 410 |00,02 48 —56.0 |00, 00,68
35 |o1,7F 09 -11.5 |00, 44, 1D -2865 | 00,0C, 1D -415 00,0227 | -s65 100,00 62




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

VOLUME VOLUME VOLUME VOLUME VOLUME
GAIN (dB) ‘3(21"'5'_1,? GAIN {dB) ‘(};t_‘a? GAIN (dB) ‘3(’13_,:_1:}‘ GAIN (dB) ‘:}(’1";_:;’ GAIN (dB) ‘3(2135'_‘3?
V{7-0) V(7-0) V{7-0) v(7-0) v({7-0)
570 00,0050 | 600 |00,00,42 || 630 |00,00.2E | -660 |00, 00,21 ~89.0 ] 00,00, 17
575 ]00.00,57 | 605 |00,00,3E || 835 |oo,002c | -665 |00.00,7F || —6es |00.00 16
580 |00,00,53 | -610 |00.00.3A || —s40 |00,0028 | —670 00,0010 | -700 |00,00 15
585 |00,00,4E | 15 |00.00,37 || —645 |o0,0027 || 675 100.00,1C mate |00, 00, 00
690 |00,00.4n | —820 |00,00,34 || 650 |00,00.25 || 680 |00, 00, 1A
505 |00,00,45 | —625 |00,00, 31 855 |00,00.23 || -685 |00,00,18

A.3 Treble Control Register Command

Both left and right channed are given the same treble gain selting.

[ Device iD ] Subaddress | T(7-0)

For example, if treble gain = 5 dB, then the command is:

{ 68 | 05 1 85

Table A—6. Treble Control Register
GAIN (dB) :&;‘;’ GAIN (dB) 1(.:::8] GAIN (dB) 1(}17;‘;’ GAIN (dB) :ﬂ';;) GAIN (dB) "('L:;)

18.0 Ox01 10.5 OAA 30 0x6B 45 0x7B -12.0 OxBA
175 0x01 10.0 0x4D 25 0x6C -5.0 0x7C -12.5 0xBB
17.0 O 95 0x51 Ll 2.0 0x6D -55 0x7D -13.0 0x8C
18.5 08 9.0 0x53 15 Ox3F 80 OXTE -13.5 0x8D
16.0 013 85 0x56 10 ox70 65 Ox7F -14.0 OxBE
15.5 Ox1A 8.0 0x59 0.5 0xT1 -10 0x80 -14.5 OxBF
15.0 0x20 75 0x58 0.0 0x72 -15 0x81 -15.0 0x90
14.5 0x26 7.0 0x50 05 0x73 -8.0 0x82 ~15.5 0x81
14.0 0x2C 6.5 0xB0 -1.0 0x74 8.5 083 ~16.0 0x92
13.5 0x31 6.0 0x62 -15 0x75 ~8.0 OxB4 -16.5 0x93
13.0 0x36 55 0x63 20 0x76 -9.5 0x85 -17.0 Ox04
12.5 0x3B 50 OxB5 -25 0x77 -10.0 0x86 -175 0x85
12.0 Ox3F 45 0x67 -30 0x78 105 OxB7 -18.0 0x96
1.5 0x43 40 Ox66 -3.5 0x78 -11.0 0x88
1.0 [ a5 0x69 40 Ox7A 115 0x89




A.4 Bass Control Register Command

Both ieft and right channe! are given the same bass gain sefting.

[ Device ID | Subaddress | B(7-0) !
For example, if bass gain = § dB, then the command is:
L 68 | ) l 28 l
Table A-7. Bass Control Register
B(7-0) 8(7-0) B(7-0) B(7-0) B(7-0)
GAIN (dB) (hex) GAIN(dB) | 4o GAIN(@B) | o) GAIN(dB) | o GAIN (dB) | o0
18.0 0xQ1 10.5 0xdC 30 Ox6A 4.5 0x7B -12.0 0x8A
17.5 Ox0A 10.0 OxdF 25 0x6B 50 ox7C 125 0x8B
170 ox1 9.5 0x52 20 0x8D 55 0x7D -13.0 xBC
1865 0x18 9.0 0x55 15 0x6E 5.0 OxTE ~135 0x8D
18.0 Ox1E 8.5 0x58 1.0 Ox6F 55 Ox7F -14.0 OxBE
15.5 ox24 8.0 0x58 05 0xT1 -70 0x80 -14.5 OxaF
15.0 0x29 7.5 0x5D 0.0 0x72 -15 0x81 -15.0 Ox20
14.5 Ox2E 70 DxSF .5 073 -8.0 OxB2 -15.5 0w
14.0 0x33 6.5 Ox61 -10 Ox74 -8.5 0x83 -16.0 o2
13.5 0x37 6.0 Ox62 -15 0x75 -9.0 0x84 -16.5 Ox@3
13.0 0x38 55 0x63 -2.0 ox76 -85 0xB5 -17.0 094
12.5 O3F 5.0 0x65 -2.5 ox77 ~10.0 0x86 ~-17.5 0xg5
12.0 0x43 45 Ox66 -3.0 0x78 -10.5 0x87 -18.0 0x96
1.5 0146 40 Ox87 -35 0x79 -11.0 0x88
11.0 0x49 35 Ox69 ~4.0 OxTA -11.5 OxB9
A.5 12C Mixer Register Command
The gain error is less than 0.12 dB, excluding mute.
| Dsvice ID Subaddress Mixer? Mixer2 ADC Mixer )
For example, if Sdin1 Mix = +6dB, Sdin2 Mix = 0dB, and ADC Mix = Mute, then the command is:
Left
| 68 07 1F EC 98 10 00 00 00 00 00 [
Right
Eﬂ 66 08 1F EC 98 10 00 00 00 GO 00 i

Even if onily one of the mixers needs to be changed, the whole command must be sent.

AT



Table A-8. Mixer1 and Mixer2 Gain Values

GAIN GAIN GAIN GAIN GAIN
vt | S |ounmr| S | cumim | S o | S0 e | S
8(7-0) S(7-0) S(1-0) 8(7-0) $(1-0)
180 |7F17,AF 0.0 10, 00, 00 -18.0 (02,03, A7 -360 |00, 40, EA -540 |00, 08 2C
175 |77,FB,AA -05 | OF, 1A, OF —185 |01,E6, CF =385 |00, 3D, 49 -545 |o00,07 B7
170 71,4575 -10 | OE, 42,90 -190 |o01,CB 94 370 |00, 39, DB -550 |00, 07, 48
165 | 6A, EF, 5D -15 0D, 76, 5A -195 |o01,B1,DE -375 00,36, 9E -555 | 00,06, EO
160 |64, F4,03 -20 |oc,Bs, 91 -200 |01,99, 989 -38.0 | 00,3390 -56.0 |00, 06, 7D
155 | 5F, 4E, 52 -25 |08, FF, 91 -205 |01, 82, AF -385 |00, 30, AE -565 |00,06,20
150 |59, Fs,80 -30 |08,53, BE -21.0 |0%,6D,0E 380 Jo0.20,F5 | 570 Joo.05.co
145 |54, F1,06 -35 |0A B1,89 -215 |o01,58, A2 -385 |o0,28B,63 -57.5 | 00,05, 76
140 |50, 30, A1 ~40 |[0A 18,66 -220 |01,45,5B —400 |o00,28 F5 -580 | 00,05, 28
135 |4B,B4, 45 45 |09,87,05 225 |01,33, 28 405 | 00,26 AB -58.5 |00, 04, DE
130 |47,78,28 -50 |08, FF, 59 -230 ]01,21,Fp —410 |00, 24 81 -50.0 ]00,04,98
125 |43,78,B0 -55 |08, 7E 80 -235 [01,11,C0 415 [00,22,76 -50.5 |00, 04, 56
120 |3F.B2,78 60 |08, 04,0C —240 |01,02,70 420 |00, 20,89 -80.0 |00, 04, 18
15 |sc224 | -85 |07,9207 -245 |00, F3,FB 425 |00, 1E, 87 -60.5 |00, 03, DD
10 |38,C5 28 -70 |o7.25 8D ~250 |00, EB, 55 430 |00, 1C,FF -61.0 }00, 03, A6
105 |35,08, 2F -75 |o06.BF 44 -255 [00,09,73 -435 |00, 1B, 60 -815 |00,03, 72
100 |32, 98, BO -8.0 |06, 5E, A5 -260 |00,CD,49 440 |00, 19, D8 620 |00, 03, 40
95  |2F.C4,20 -85 | 06,03, 6E 265 |00,C1.CD || —445 |00, 18,65 -625 00,0312
80 |2p, 18,18 9.0 |05, AD, 50 -270 |00, B8, F6 450 |o00,17,08 630 00,02 E6
85 |2A 92 54 -85 |05 5C.04 -275 |00,AC,BA | -455 |00, 15 BE -635 |00, 02, 8C
80 |28, 30 AF -10.0 |05, OF 44 -28.0 |00, A3, 10 —~46.0 |00, 14, 87 -640 |00, 02, 95
75 |25 F1,25 105 |04,C6,00 | -285 |00,099, F1 -465 |00, 13,61 -645 |00,02 70
70 123D1,cD [ -11.0 |04, 82 68 -280 | 00,91, 54 470 00,12, 48 “ —65.0 | 00,02, 4D
65 21, D0, DS -115 |04, 41,D5 -295 |00, 89,33 475 [oo,11,45 || 55 |o00,022C
6.0 1F, EC, 98 -120 ]04,04,DE -30.0 |00,81,86 480 [o00,10,4E | -860 oo, 020D
5.5 1E, 23, 6D -125 |03,CB, 50 -30.5 [00,7A 48 —485 [00.0F64 || -665 [00.01,F0
50 1C, 73,05 -130 | 03,94, FA -31.0 |o00,73,70 —~43.0 |00, OE, 88 -67.0 |00,01,D4
45 1A,DC, 61 -135 | 03,61, AF -315 |00,6C, FB -495 |00, 0D, 88 -87.5 | 00,01, BA
40 19, 58, BS -140 |03,31,42 &-32.0 00, 66, E3 -500 |00, 0C,F3 -88.0 | 00,01, A1
35 17, F0, 84 -145 103,03,8A -325 |00,81,21 -505 |00,0C,3A 685 [00,01,8A
3.0 16, 89, CO -150 02,0862 -330 |00, 58, B2 -510 |00, 0B, 8B 600 |00,01,74
25 15, 56, 1A -155 |02, AF. A3 -335 | 00,56, 91 -5t5 |00,0A,E5 -69.5 |00, 01, 5F
20 14, 24, 8E -160 {02 89,2C -340 |00, 51, B9 -52.0 |00, 0A, 49 -700 |00,01,4B
15 13,04, 1A -165 |02 64,DB -345 |00,4D,27 -525 |00,00,B6 Mute |00, 00, 00
1.0 11, F3, C9 ﬂ 170 [02.42.93 -350 100,48, D6 -530 |00,089,2B
0.5 10, F2, B4 -17.5 | 02,22, 35 -355 | 00,44, C3 -535 |00, 08, A8
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Tulsunsu

' Header

$regfile = "89c5lac2.dat”
$baud = 9600

Sorystal = 11059200
Slarge

t

'89¢S51ac2

DimDb_eq | 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 I As Byte

Dim J As Byte

Dim Beoef 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 Byte
Dim Haystack As String * 16

Const Tas3004 w = &H68
Const Tas3004 r= &H69

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 Lcdpin = 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 , Bcoef As Byte )
Declare Sub Dap_start{address As Byte)

Declare Sub Dap_stop

Declare Sub Write_dspl(address As Byte , Value As Byte)
Declare Sub Start_1()

Declare Sub Start_2()

Declare Sub Start 3()

Declare Sub Scankey()

Declare Sub Volume(db 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
I2cwbyte Tas3004 w ‘slave address
I2ewbyte &HO7 ‘asdress of EEPROM
[Zcwbyte &HOO 'value to write
[2cwbyte &HOO 'value to write
I2cwbyte &HOO 'value to write

I2cwbyte &HOO 'value to write



[2cwbyte &HOO 'value to write

1Zewbyte &£HOO 'value to write

2cwbyte &H10 ‘value to write

I2ewbyte &HO0 'value to write

Rewbyte &HOO 'value to write

Rcstop 'stop condition

Waitms 100 ‘wait for 100 milliseconds
F2cstart ‘start_1{) condition
[2ewbyte Tas3004 w 'slave address

TI2cwbyte &HO8 'asdress of EEPROM
I2cwbyte &HOO 'value to write

IZewbyte &HOO 'value to write

2cwbyte &HOO 'value to write

I2cwbyte &HOO 'value to write

I2cwbyte &HO0O 'value to write

2cwbyte &HOO0 'value to write

R2cwbyte &H10 'value to write

2cwbyte &HOO ‘value to write

I2cwbyte &HO00 'value to write

[2cstop 'stop condition

Waitms 100 "wait for 100 milliseconds

Print "Graphic Equalizer”

Print "KMITL Final Product”

Cls

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

Begin:

" Cls



1

Upperline
Lecd "7Graphic Equalizer”
Waitms 500
Lowerline
Lcd "KMITL Project”
Wait 5
Cls
Upperline
Lcd "Are you ready”
Waitms 500
Lowerline
Lecd "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 : Led Haystack
Case 8:
If Db bass < 18 Then Incr Db_bass
Call Bass(db_bass)

Print "+Bass=" ; Db_bass

' -bass

' +bass



Haystack = Sir(db_bass)
Cls
Uppertine : Led "+BASS"
Lowerline ;: Lcd Haystack
Case 3: '-Volume
If Db _vol > 0 Then Decr Db_vol
Call Volume(db_vaol)
Print "-Volume="; Db_vol
Haystack = Str(db_vol)
Cls
Upperline : Led "-VOLUME"
Lowerline : Lcd 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"
Loweriine : Led 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 = Str{eq_bd_array{1))
Cls
Upperline : Led "+EQ1"
Lowerline : Led Haystack
Case 15: "“-EQ 1
IfEq bd_array(1) > 0 Then Decr Eq bd_array(1)
Call Eq(0, Eq bd_armray(1))
Print "-EQI="; Eq_bd array(1)
Haystack = Str{eq bd_array(1))
Cls
Upperline : Led "-EQI1"
Lowerline : Lcd Haystack
Case 14: +EQ2
IfEq bd array(2) <24 Then Incr Eq bd_array(2)
Call Eq(! , Eq_bd_array(2))
Print "+EQ2="; Eq bd_array(2)
Haystack = Str{eq bd_armay(2))
Cls
Upperline : Led "+EQ2"

Lowerline : Led Haystack



Case 13: “EQ2
If Eq_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 : Lcd Haystack

Case 20: +EQ3
If Eq_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 : Lcd Haystack

Case 19: ~EQ3
1fEq 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 18B: +EQ4
If Eq_bd_array(4) < 24 Then Incr Eq_bd_array(4)
Call Eq(3 , Eq_bd_array(4})

Print "+EQ4="; Eq bd_array(4)
Haystack = Strieq_bd_array(4))
Cls



Upperline : Led "+EQ4"
Lowerline : Lcd Haystack

Case | 7; -EQ4
IfEq bd array(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 : Led "-EQ4"
Lowerline ; Lcd Haystack

Case 24: +EQS
IfEq bd array(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 : Locd Haystack

Case 23: “EQS5
If Eq bd_array(5) > 0 Then Decr 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 "-EQS5"
Lowerline ; [.cd 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
IfEq_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 "-EQ6"
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
IfEq bd array(7) > 0 Then Decr 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

End Select

Do



Call Scankey
Loop Until Sw = &HFF
Goto Begin
End

! End Main

Sub Scankey
Sw = &HFF
ForI=0To 7
P2 = &HFF
P2i=0
Keypad = P3 And &HF0
If Keypad <> &HF0 Then Exit For
Next
IfI< 8 Then
Select Case I
Case (:
If Keypad.7 =0 Then
Sw=1
Elseif Keypad.6 = Q Then
Sw=2
Elseif Keypad.5 = 0 Then
Sw=3
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
Elseif Keypad.4 = 0 Then
Sw=8§
End If
Case 2
If Keypad.7 =0 Then
Sw=9
Elseif Keypad.6 = 0 Then
Sw=10
Elseif Keypad.5 =0 Then
Sw=11
Eiseif 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
Elscif Keypad.4 = 0 Then
Sw=20
End IF
Case 5:
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=25
Elseif Keypad.6 = 0 Then
Sw=126
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=31
Elseif Keypad.4 = 0 Then
Sw =32
End If
End Select
End If

End Sub

Sub Eq(ch As Byie , 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*35

Eq index = Eq_index + Ch
Print "Eq_index="; Eq_index
Tmp_eq index = Eq_index
Cali 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 "VolI3="; Vol

Vol = Lookup{eq_index , Eq_table) :

Print "Vol4=" ; Vol

Vol = Lookup{eq_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 = Lookupl{eq index , Eq table):
Vol = Lookup{eq_index , Eq_table) :

Call Dap_stop

End Sub

Incr Eq index

Incr Eq index :

Incr Eq index :

IncrEq_index :

Incr Eq index

Incr Eq_index :
Incr Eq_index :
Incr Eq index :

Incr Eq index

Incr Eq index :

: 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)

Call Dap_vol(vol , 3}

Sub Volume(db_vol As Byte)

Vol = Lookup(db_vol , Volume}
Call Dap_start{&H04)
Call Dap_vol(vol, 3)
Call Dap_vol(vol, 3)

Call Dap stop

End Sub

"Left
Right

Sub Dap_vol(dsp_long As Long , Becoef As Byte )



ForJ = 1 To Beoef
A(j) =Dsp _long And &HFF
Rotate Dsp long , Right , B

' Print "sw{-8value:" ; Index

Next

For J = Beoef Downto 1
I2cwbyte A(j)

Next

End Sub

Sub Treble(db treble As Byte)
Dim Tablel As Byte
Tablel = Lookup(db_treble , Treble)
Call Write_dspl1(&HO05 , Tablel)

End Sub

L)

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)}
I2c¢start
[2cwbyte Tas3004 w
[2cwhyte Address

End Sub

T

Sub Dap_stop

12cstop



Waitms 100
End Sub

Sub Write_dspl(address As Byte , Value As Byte)

[2cstart 'start_1(} condition
Dewbyte Tas3004 w 'slave address
Rcwbyte Address ‘asdress of EEPROM
I2cwbyte Value 'value to write
I2cstop 'stop condition
Waitms 100 'wait for 100 milliseconds
End Sub
Volume:

Data £HO000000& , &HO000CF& , &HO0028F& , &HO00818& , &HO0199A& , &HO050F4& ,
&HO010000& , &HO014249& , &HO0195BC& , &HOIFECA& , &H02830B& , &H03298B& ,
&HO3FB28& , &H05030A & , &HO064F40& , &KHOTF17B&

Treble:
Data &H96 , &H93 , &HSE , &HS8A , &HS86 , &HS82 , &H7E , &H7A , &H76 , &H72 . &Hé6D ,
&H68 , &H62 , &H59 , &H4D , &H3F , &H2C , &H13 , &HO!

'

Bass:
Data &H96 , &H93 , &HSE , &H8A , &H86 , &H82 , &H7E , &H7A , &H76 , &H72 , &H6D ,
&H68 , &H62 , &HS59 , &H4D , &H3F , &H2C , &H13 , &HO01

Eq table:

'12Db 0

Data &H10017C& , &HE0014C& , &HOFFD84& , &KHE0014C& , &HOFFF00&
Data &H1003A6& , &HE0043F& , &HOFF9EG6L: , &HE0043F& , &HOFFDSC&
Data &H100920& , &HE01158& , &HOFFOBF& , &HE01158& , &HOFF9EO&



Data &H1016CA& , &HE0S53F& , &HOFDYEB& , &HE0553F& , &HOFFOBS &
Data &H1038D1& , &HEID6D9& , &HOFA10F& , &HEID6D9& , &HOFDYE 1 &
Data &H108D10& , &HEA60B6& , &HOF 144A& , SHEA60B6& , &HOFA15B&
Data &HI1SABE& , &KHOE34AA& , &HODBCAOL , &HOE3I4AA& , &HOF 1 75E&
11Db 1

Data &H100145& , &HE0014C& , &HOFFDBB& , &HE0014C& , &HOFFF00&
Data £H10031E& , &KHE0043F & , &HOFFAGD& , &HE0043F& , &HOFFDBC&
Data &H1007CD& , &HE01158& , &HOFF212& , &HEO01158& , &HOFF9E(0&
Data &H10137A& , &HE0553F& , &HOFDD3A& , &HE0S53F& , &HOFFOBS&
Data £H103091& , &ZHEID6DY9& , &HOFA94F & , &HE1D6DY9& , &HOFDYE1 &
Data &H107894& , &KHEA60B6& , &HOF28C7& , &HEA60B6& , &HOFA1SB&
Data &H112862& , &HOE34AA& , &HODEEFC& , &HOE34AA& , &HOF175E&
'10Db 2

Data &H100113& , &HE0014C& , &HOFFDEC& , &HE0014C& , &HOFFFO0&
Data &H1002A5& , &HEOO43F& , &KHOFFAE6& , &SHE0043F & , &HOFFDB8C&
Data &H10069E& , &HE01158& , &HOFF341& , &HE01158& , &HOFFOEOQ&
Data &H101087& , &HE(Q553F& , &HOFEOQ2E& , &HEO553F& , &HOFFOBS&
Data &H102936& , &HEID6D9& , &HOFBOAA& , SHEID6DY& , &HOFDYE1 &
Data £H106651& , #HEA60B6& , &HOF3B09& , &HEA60B6& , &HOFA]5SB&
Data ZH10FB81& , &HOE34AA& , & HOEIBDD& , &HOE34AA& , &HOF175E&
‘9Db3

Data &H1000E8& , &HE0014C& , &HOFFE18& , &HE0014C& , &HOFFFO0&
Data &H10023A& , ZHE0043F & , &HOFFB52& , &KHE0043F& , &HOFFD8C&
Data &H100591& , &HEOQ1158& , &HOFF44E& , &HEO!158& , &HOFF9EO0&
Data &H100DE6& , &HEO0553F& , &HOFE2CF& , &HE0S53F& , &HOFFOBS&
Data &H1022A8& , &HEID6D9& , &HOFB738& , &HEID6D9& , &RHOFDYEL &
Data £H10560C& , &KHEA60B6& , &HOF4B4F& , &HEA60B6& , &HOFA15B&
Data &H10D381& , &HOE34AA& , &HOE43DD& , KHOE34AAL , &HOF175E&
'8§Db4

Data &H1000C0& , &KHEO 14C& , KHOFFE3F& , &HE0014C& , &HOFFFO0&



Data &H1001DA& , &HE0O043F& , &HOFFBB2& , &HE0043F& , &HOFFDSC4&
Data &H1004A1& ., &KHEC1158& , &HOFFS53F& , &HE01158& , & HOFF9EO&
Data &HI00BBE& , &HE0553F& , &HOFES26& , &HE0553F& , &HOFFOB5&
Data &H101CD1& , &HE1D6D9& , &HOFBD10& , &HEID6D9& , &HOFDY9E1&
Data &H10478B& , XHEA60B6& , &HOF59D0& , &HEA60B6& , &HOFA15B&
Data &H10AFDA& , &HOE34AA& , &HOE6784& , &KHOE34AA& , &HOF175E&
"7Db5

Data ZH10009E& , &HE0014C& , &HOFFE62& , &HEQ014C& , &HOFFF00&
Data &H100184& , &HE0043F& , &§HOFFC08& , &HE0043F& , &HOFFDSC&
Data &H1003CA& , &HEO01158& , &HOFF615& , &HEQ1158& , &HOFF9EO&
Data &H100978& , &HE0553F& , &HOFET3D& , &HE0553F& , &HOFFOBS&
Data &H10179C& , &HE1D6D9& , &HOFC244& , &HE1D6D9& , &KHOFDYE 1 &
Data &H103A9D& , &HEA60B6& , &HOF66BD& , &KHEAG0B6& , &HOFA15B&
Data &H109014& , KHOE34AA& , &HOE8T4A& , &HOE34AA& , &HOF175E&
'6 Db 6

Data &H10007F& , &HE0014C& , &KHOFFEB1& , &HE0014C& , & HOFFFO0&
Data &H100138& , &HEO0043F& , &HOFFC54& , &HE0O43F& , &HOFFDBC&
Data &H10030C& , &HE01158& , &HOFF6D44& , &HEQ1158& , &HOFF9EQ&
Daw &H10079B& , &HE(0553F& , &HOFE91 A& , &HEOS53F & , &HOFFOB5 &
Data &H1012F8& , &HEID6D9& , &HOFC6E8& , &KHE1D6DY94&: , &HOFDYE1&
Dam &H102F18& , &RHEAG60B6& . &HOF7243& , &SHEA60B6& , $HOFA15B&
Data &H1073C3& , &HOE34AA& , &HOEAJIIB& , &KHOE34AA& , &HOF175E&
5 Db

Data &H100063& , &HE0014C& , &HOFFESD& , &HE0W14C& , &HOFFFO0&
Data &H1000F4& , &HEG043F& . &HOFFC98& , &HE0O43F& , &HOFFDBC&
Data &H100262& , &HEQ1158& , &HOFF77E& , &HEQ1158& , SHOFF9EO&
Data &H1005F3& , &HE0553F & , &§HOFEAC2& , &HE0553F& , &HOFFOB5&
Data &H100ED5& , &HE1D6D9&: , £HOFCBOB& , &HEID6D9& , KHOFDYE1&
Data &H1024D4& , &HEA60B6& , &HOFTC87& , SHEA60B6& , &HOFA15B&
Data &H105A86& , &HOE34AA& , &HOEBCD8& , &HOE34AA& , &HOF175E&



'4 Db

Data £ZH10004A& , &HE0014C& , SHOFFEB6& , &HEQ014C& , &HOFFFO04&
Data &H1000B7& , &HEQ043F & , &KHOFFCD5&: , &HE0043F& , &HOFFDSC &
Data &HI00ICA& , &HE01158& , &HOFF815& , &HE(01158& , &HOFFIE0&
Data &H100478& , &HE0553F& , &SHOFEC3ID& , &HEQ553F& , &HOFFOBS &
Data &H100B25& , &KHE1D6D9& , &KHOFCEBB& , &HE1D6D9& , & HOFD9E| &
Data &H101BAD& , &HEAG0B6& | &HOFSSAE& , &HEA60B6& , &HOFA 15B&
Data &H104408& , KHOE34AA& , &HOED356& , &HOE34AAR , &HOF1 75E&
3 Db

Data &H100034& , &HE0014C& , &#HOFFECC& , &HE0014C& , &HOFFF00&
Data &H100081& , &HE0043F& , &§HOFFDOB& , &HEQ043F& , SHOFFDSCS:
Data &H100143& , &HEQ1158& , &HOFF89C& , &HEQ1158& , &HOFF9EQ&
Data &H100327& , &HEQS53F& , &HOFEDSE& , &HE0553F& , &HOFFOBS&
Data &H1007DC& , &KHE1D6D9& , &HOFD204& , &EHEID6D9& , &HOFDYE 1 &
Data &H101385& , &HEA60B6& , &HOFS8DD6& , SHEA60B6& , &HOFA15B&
Data &H102FFB& , &HOE34AA& , &SHOEE762& , &HOE34AA& , &HOF175E&
2Db

Data &H100021& , & HEMX14C& , &HOFFEDF& , &HE0014C& , &EHOFFF00&
Data &H100051& , &HE0043F& , &HOFFD3B& , &HE0043F& , &HOFFD8C&
Data &H1000CA& , KHE01158& , &HOFF915& , &HEO1158& , &HOFF9EQ&
Data &H1001FA& , &HEO0553F& , SHOFEEBB& , &HE0553F& , &HOFFOB5&
Data &H1004EF& , &HE1D6D9& , &HOFD4F1& , &HEID6D94: , &HOFDIE14&
Data &H100C40& , EHEAG60B6& , &KHOF951B& , SHEAG60B6& , &KHOFA15SB&
Data &HI01E1D& , &HOE34AA& , &HOEF941& , &HOE34AA& , &HOF175E&
'1 Db

Data &H10000F& , &HE0014C& , &HOFFEF1& , &HE0014C&: , &HOFFF00&
Data &H100026& , &HEQ043F& , &HOFFD66& , &HE0043F& , SHOFFD3C&
Data &H10005F& , &HEO01158& , &HOFF980& , &HE(}1158& , &HOFFIEO&
Data &H1000EE& , &HE0553F& , &HOFEFC7& , &HE0553F& , &HOFFOB5&
Data &H100253& , &HEIDS6D9& , &HOFD78D& , &HE1D6D9& , &HOFDOE &



Data &H1005C6& , &HEA60B6& , &HOF9B95& , &SHEAG0B6& , &HOFA15B&
Data &HI00E31& , &HOE34AA& , &KHOF092D& , &HOE34AA& , &HOF175E&
'0 Db

Data &H100000& , &HE0014C& , &HOFFF00& , &HEQ014C& , & HOFFF00&
Data &H100000& , &SHEQU43F& , &HOFFDSC& , &HE0043F& , &SHOFFDBC&
Data &H100000& , &HEO1158& , &HOFF9EQ& , &HEOQ1158& , &HOFFSEO&
Data &H100000& , &HE0553F& , &HOFFOB5& , &HE0553F& , &HOFFOB5&
Data &H100000& , &HE1D6D9& , & HOFDSE1& , &HEID6D9& , &HOFDYE1 &
Data &H100000& , SHEA60B6& , &HOFA15B& , SHEA60B6& , &HOFA 15B&
Data &H100000& , &HOE34AA& , &HOF175E& , &HOE34AA& , &HOF175E&
'-1 Db

Data &HOFFFF0& , &HEQ016B& , &HOFFEF1& , &HEO0016B& , &SHOFFEE1 &
Data &HOFFFD9& , &HEQO48C& . &HOFFD66& , &HEC048C& , &HOFFD40&
Data &HOFFFAO0& , &HE01217& , &HOFF980& , &HE01217& , &HOFF921&
Data &HOFFF11& , &HE05717& , &HOFEFC7& , &HE(}5717& , & HOFEEDY&
Data ZHOFFDAC& , &HEIDB3B& . &HOFD793& , &HE1DB3B& , &HOFD540&
Data ZHOFFA3B& , &§HEA6880& , &HOFSBB9& , &HEA6880& , &HOF95FS5&
Data &HOFF1DB& , &HOE281C& , &HOF0A(Q7& , &HOE281C& , &HOEFBE3 &
'-2Db

Data &HOFFFDE& , &HE0018E& , &HOFFEDF& , &HEQQ18E& , &HOFFEBE&
Data &HOFFFAE& , SHEOME2& , &HOFFD3B& , &HEOU4E2& . &HOFFCEA&
Data &HOFFF35& , &HE012ED& , &HOFFS15& , &HE012ED& , & HOFF84A&
Data &HOFFEQ5& , &HE05929& , &8HOFEEBD& , &HE05929& , &HOFECC2&
Data &HOFFB 12& , &HE1EQ024& , &HOFD4FF& , &HE1E024& , &HOFDO11&
Data &HOFF3C8& , &HEA7138& , &HOF956C& , &SHEA7138& , &HOF8935&
Data &HOFE21A& , &HOEIAIF& , &HOEFB2B& , &HOE1A1F& , SHOEDD46&
'-3Db

Data &HOFFFCB& , &HE001B5& , &HOFFECC& , &HE(001B5& , &HOFFES7&
Data &HOFFF7E& , &HE00542& , &SHOFFDOB& . &HE00542& , &HOFFCBA&
Data &HOFFEBC& , &HE(013DD& , &HOFFR9D& , &KHEO013DD& , &HOFF75A&



Data &HOFFCD9&: , &HEO5SB7B& , &HOFED92& , &HEOSB7B& , &HOFEA6B&
Data &HOFF826& , KHE1ESA4& , &HOFD21A& , &SHEIESA4& , &HOFCA41&
Data &HOFEC92& , &HEATAF7& , &HOF8E60& , &SHEATAF7& , &HOF7AF3&
Data &HOFD092& , &HOEDASE& , &HOEEAA2& , SHOFOASE& , &HOEBB35&
"-4 Db

Data &HOFFFB5& , & HEOO1E1& , &HOFFEB6& , &HEQ01E1& , &HOFFE6B&
Data &HOFFF48& , &XHEOO5AE& , &HOFFCD5& , &HEOOSAE& , &HOFFC1E&
Data &HOFFE35& , &HEC14EB& , &HOFF816& , &HEOI4EB& , &HOFF64C&
Data &HOFFB88& , &HE0SE16& , &HOFEC42& , &HEOSE16& , &HOFE7CB&
Data &HOFF4E1& , &HEIEBCE& , &SHOFCEDD& , &HE1EBCE& , #HOFC3BF&
Data &HOFE482& , &HEA85DD& , &HOF8680& , &HEA85DD& , &HOF6B02&
Data ZHOFBD14& , &HODF940& , &HOEDS40& , &HODF940& , &HOE9554&
'-5Db

Data ZHOFFF9C& , &HE00212& , &HOFFESD& , &HE00212& , &HOFFE3A&
Data ZHOFFFOC& , &HE00627& , &HOFFC99& , &HE00627& , &HOFFBAS&
Data &HOFFDSE& , &HE01619& , &HOFF77F & , &HE01619& , &HOFF51D&
Data &HOFFAOF& , &HE06101& , &HOFEACA& , &HE06101& , &HOFE4D9&
Data &HOFF138& , & HEIF2B6& , &HOFCB3C& , &HE1F2B6& , &HOFBCT4&
Data &HOFDB7F& , &HEA9209& , &HOF7DB3& , &HEA9209& , &HOF 5933&
Daia &HOFA76E& , &HODE608& , SHOEC3D5& , &SHODE608& , SHOE6B43&
'-6 Db

Data &HOFFF80& , &HE0024A & , &HOFFES1& , &HEC024A& , &HOFFE02&
Data &HOFFEC8& , &HEQ06AF& , &HOFFC55& , &HEOO6AF& , & HOFFR1D&
Data ZHOFFCF4& , &HE0176C& , &HOFF6D5& , &HE0176C& , &HOFF3CA&
Data &HOFF867& , &HE06447& , &HOFE924& , &HE(06447& , &HOFE18C&
Data &HOFEDIE& , &HEIFAT1& , &HOFC72C& , &HEIFA71& , SHOFB44A&
Data &HOFD170& , &HEASFA2& , & HOF73DF& , &KHEA9FA2& , &HOF4550&
Data &HOFBF6B& , &HODDOB5& , SHOEAD2EX , &HODDOBS & , &HOE3C99&
'-7Db

Data &HOFFF61& , &HE00288& , & HOFFE62& , &HE00288& , &HOFFDC4&



Data &HOFFE7B& , &KHE00747& , &HOFFC08& , &HE00747& , &HOFFA84&
Data &HOFFC35& , &HEOIBER& , &HOFF617& , &KHEO18E8& , &HOFF24D&
Data &HOFF68D& , &KHEQ67F2& , &HOFET4C& , &HE067F2& , &HOFDDD9&
Data &HOFE886& , &HE20319& , &HOFC29F & , &HE203194& , &HOFAB25&
Data &HOFC635& , KHEAAECF& , &HOF68E7& , &HEAAECFS& , &HOF2FID&
Data &HOF74D0& , &HODB917& , &HOE?417& , &HODB917& , &HOEO8E7 &

' -8Db

Data &HOFFF3F& , &HEQW2CD& . &SHOFFE3F& , &HEC02CD& , &HOFFD7E&
Data &HOFFE26& , &HEQQ7F3& , &HOFFBB3& , &HEOOTF3& , &HOFFOD9&
Data ZHOFFB60& , SHEQIA93& , &KHOFF542& , &HF01A934& , &HOFFOA2&
Data &HOFF479& , &SHEO6COE& , &HOFES3A& , &HEO6COE& , &HOFDIB3&
Data &HOFE362& , &HE20CCA& , &HOFBD87& , SHE20CCA& , SHOFAOEA&
Data &HOFB9AF& , &HEABFBC& , &HOFS5CAB& , &HEABFBC& , & HOF165A&
Data &HOF5762& , &HODYEF5& , &HOE7854& , &HODYEFS & , &HODCFBR7&
'-9Db

Data &HOFFF17& , &HE0031C& , &HOFFE18& , &HE0031C& , &HOFFD30&
Data &HOFFDC6& , SHE008B2& , &HOFFB53& , &HEOO8B2& , &HOFF919&
Data &HOFFA70& , &HEQIC71& , &HOFF453& , &HEQIC71& , SHOFEEC3&
Data &HOFF225& , &HEO70AA& , &HOFE2E8& , KHEO70AA& , &HOFDS0D&
Data &HOFDDA1& , &HE217A2& , SHOFB7D4& , &HE217A2& , &HOF9576&
Data &ZHOFABB9& , SHEAD29A& , &HOF4F07& , &HEAD29A& , SHOEFACO&
Data &HOF36E1& , &HOD821A& , &KHOES9ACS , & HOD821A& , &HOD908D&
"-10 Db

Data &HOFFEEC& , &HEG0373& , &HOFFDEC& , &HFECC373& , &HOFFCD8&
Data &HOFFD5A& , &HEQ098A& , &HOFFAET& , &SHEQ098AL , &HOFF842&
Data &HOFF963& , SHEOIE89& , &HOFF346& , & HE01ER9& , SHOFECAA&
Dam &HOFEF89& , &HE075D4& , &HOFEO4E& , £HE075D4& , &HOFCFDR&
Data &HCOFD732& , &HE223C3& , &HOFB174& , &HE223C34& , &HOF88AT7&
Data &HOF9C2C& , SHEAE79D& , &HOFIFD6& , SHEAET9D& , &HOEDC03&
Data &HOF130B& , &HOD6248& , KHOE37DF& , &HO0D6248& , & HOD4AEB&



"-11 Db

Data &HOFFEBA& , &HE003D6& , &HOFFDBB&: , &HEQ03D6& , &HOFFCT76&
Data &HOFFCE1& , &HE)OA7B& . &HOFFA6F& , &HE00ATB& , &KHOFF750&
Data &HOFF836& , &KHE020E3& , &HOFF219& , &HE020E3& , &HOFEAS0&
Data &ZHOFEC9C& , &KHE07B9E& , KHOFDD65& , &HEO07BIE& , &HOFCAO1&
Data &HOFD000& , &HE23154& , &HOFAAS3& , &HE23154& , &SHOF7AS4&
Data &HOF3ADE& , &HEAFF00& , & HOF2EEF& , &KHEAFF00& , SHOEBYCD&
Data &HOEEB9D& , &HOD3F46& , &HOE12AE& , SHOD3F46& , &HOCFE4B&
'-12 Db 24

Data &HOFFE83& , &KHEQ(444& , SHOFFD84& , KHE00444& , SKHOFFCO84&
Data &HOFFC5A& , &KHE0OB8A& , &HOFFSE7& , &KHEOOB8A& , &HOFF641&
Data &HOFF6E4& , &HE02385& , &HOFFOC8& , &HE02385& , &HOFETAC&
Data £&HOFE956& , &HE0821 A& , &HOFDA21& , &HE0821A& , &HOFC377&
Data &HOFC7F5& , &HE2407D& , &KHOFA25B& , &HE2407D& , &HOF6AS1&
Data &HOF77A1& , &HEB1900& , &HOF1C23& , &HEB1900& , &HOE93C5&
Data &HOECO051& , &HOD18D6& , &HODEYD8& , SHOD18D6& , KHOCAAZAL
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