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DIGITAL AUDIO PROCESSOR WITH ANALOG INTERFACE

Check for Samples: TAS3208

FEATURES + Digital Audio Input/Output

+ Digital Audio Processor — Three Synchronous Serial Audio Inputs

+ Fully Programmable With Graphical, (Six Channels) _ _
Drag-and-Drop PurePath Studio™ Software — Two Synchronous Serial Audio Outputs
Development Environment (Four Channels)

« 135-MHz Operation — Input and Output Data Formats: 16-, 20-, or

. . 5
+ 48-Bit Data Path With 76-Bit Accumulator 24-Bit Data Left, Right, and IS

— SPDIF Transmitter
» System Control Processor

+ Hardware Single-Cycle Multiplier (28 x 48)
* Five Simultaneous Operations Per Clock Cycle

. Usable 768 Words Data RAM (48 Bit), Usable — Embedded 8051 WARP Microprocessor
1K Coefficient RAM (28 Bit) — Programmable Using Standard 8051 C
+ Usable 2.5K Program RAM Compilers .
- 360 ms at 48 kHz, 17K Words 24-Bit Delay — Four Programmable GPIO Pins
Memory * General Features
« Slave Mode F; is 44.1 kHz and 48 kHz — Two I2C Ports for Slave or Master Download
+ Master Mode F is 48 kHz — Single 3.3-V Power Supply
» Analog Audio Input/Output — Integrated Regulators

— 10:1 Stereo Analog Input MUX
— Stereo Analog Pass-Through Channel
— Stereo, Single-Ended ADC (93 dB DNR

APPLICATIONS
* Flat-Screen TVs
* MP3 Players/Music Phone Docks

Typical)
— Six Single-Ended DACs (97 dB DNR * Speaker Bars
Typical) * Mini/Micro Component Systems
— Stereo Headphone Amplifier, 24-mW Power * Automotive Head Units
Output into 16 Q, 100 pF * Musical Instruments
DESCRIPTION

The TAS3208 is a highly-integrated audio system-on-chip (SOC) consisting of a fully-programmable 48-bit digital
audio processor, 10:1 stereo analog input MUX, stereo ADC, six DACs, and other analog functionality. The
TAS3208 is programmable with the graphical PurePath Studio™ suite of DSP code development software.
PurePath Studio is a highly intuitive, drag-and-drop development environment that minimizes software
development effort while allowing the end user to utilize the power and flexibility of the TAS3208’s digital audio
processing core.

TAS3208 processing capability includes speaker equalization and cross over, volume/bass/treble control, signal
mixing/MUXing/splitting, delay compensation, dynamic range compression, and many other basic audio
functions. Audio functions such as matrix decoding, stereo widening, surround sound virtualization and
psychoacoustic bass boost are also available with either third party or Tl royalty-free algorithms.

The TAS3208 contains a custom-designed, fully-programmable 135-MHz, 48-bit digital audio processor. A 76-bit
accumulator ensures that the high precision necessary for quality digital audio is maintained during arithmetic
operations. A stereo, 93-dB DNR ADC and six 97-dB DNR DACs ensure that high-quality audio is maintained
through the whole signal chain.

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
PurePath Studio, PowerPAD are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright © 2007-2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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The TAS3208 is composed of seven functional blocks:

* Clock and serial data interface

* Analog input and output

+  MB8051 WARP controller, serial control interface, and device control
» Audio DSP - digital audio processing

* Power supply

* Internal references

Figure 1 shows the functional structure of the TAS3208.
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Figure 1. Block Diagram
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The TAS3208 may be used with an external asynchronous sample rate converter (ASRC) to accommodate
asynchronous serial inputs at different sampling rates (see Figure 2).
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Figure 2. Interface to External ASRC
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Table 1. ORDERING INFORMATION
Ta PACKAGE® @ ORDERABLE PART NUMBER TOP-SIDE MARKING
TAS3208IPZP
—40°C to 85°C TAS3208IPZP
TAS3208IPZPR
TQFP — PZP Tape and reel
TAS3208PZP
—20°C to 70°C TAS3208PZP
TAS3208PZPR

(1) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.
(2) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
website at www.ti.com.
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Table 2. TERMINAL FUNCTIONS

TERMINAL
/0 | TERMINATION® DESCRIPTION
NO. NAME
DVSS1 P Digital ground
VREG_EN DI Voltage regulator enable
STEST DI Pulldown Test pin to reconfigure pins
4,5,
17, 18, TEST - Pulldown
19, 20
6 GPIO4 DIO Pulldown General-purpose input/output 4
7 GPIO3 DIO Pulldown General-purpose input/output 3
8 MCLKOUT DO Master clock output
9 LRCLKOUT DO Left/right (frame) clock output
10 SCLKOUT DO Serial audio data clock output
11 SDOUT1 DO Serial digital audio data output 1
12 Sligfl)zgg)sz DO Serial digital audio data out 2/SPDIF output
13 DVDD2 P 3.3-V digital power
Pinout of internal regulator. A 4.7-yF low-ESR capacitor should be
14 VR_DIG1 P connected between this pin and digital ground. This terminal must not be
used to power external devices.
15 DVSS2 P Digital ground
16 SPDIF_IN DI SPDIF input
21 SDIN3 DI Serial digital audio data input 3
22 SDIN2 DI Serial digital audio data input 2
23 SDIN1 DI Serial digital audio data input 1
24 LRCLKIN DI Left/right (frame) clock input
25 SCLKIN DI Serial audio data clock input
26 MCLKIN DI Master clock input
27 DVSS3 P Digital ground
28 DvDD3 P 3.3-V digital power master
29 I2C_SDA2 DIO I2C serial data master
30 12C_SCL2 DIO I2C serial clock slave
31 I2C_SDA1 DIO I2C serial data slave
32 12C_SCL1 DIO I2C serial clock
33 Cs DI Chip select
34 GPIO1 DIO General-purpose input/output 1
35 GPIO2 DIO General-purpose input/output 2
36 MUTE DI Pullup Mute device
37 RESET DI Pullup Reset
38 DVSS4 P Digital ground
39 DvDD4 P 3.3-V digital power
40 DVSS5 P 3.3-V digital power
Pinout of internal regulator. A 4.7-yF low-ESR capacitor should be
41 VR_DIG2 P connected between this pin and digital ground. This terminal must not be
used to power external devices.
42 AVSS_ESD P Analog ESD ground
43 LINEIN1L Al Left-channel analog input 1

(1) All pullups are 20-puA weak pullups, and all pulldowns are 20-pyA weak pulldowns (166 kQ) . The pullups and pulldowns are included to
ensure proper input logic levels if the terminals are left unconnected (pullups at logic 1 input; pulldowns at logic 0 input). Devices that
drive inputs with pullups must be able to sink 20 pA while maintaining a logic 0 drive level. Devices that drive inputs with pulldowns must
be able to source 20 pA while maintaining a logic 1 drive level.

Copyright © 2007-2011, Texas Instruments Incorporated
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Table 2. TERMINAL FUNCTIONS (continued)

TERMINAL
/O | TERMINATION® DESCRIPTION

NO. NAME
44 LINEIN1IR Al Right-channel analog input 1

4;59 56% AVDD_LI P 3.3-V analog power
46 LINEIN2L Al Left-channel analog input 2
47 LINEIN2R Al Right-channel analog input 2

?382 56% AVSS_LI P Analog ground
49 LINEIN3L Al Left-channel analog input 3
50 LINEIN3R Al Right-channel analog input 3
51 LINEIN4L Al Left-channel analog input 4
52 LINEIN4R Al Right-channel analog input 4
54 LINEIN5SL Al Left-channel analog input 5
55 LINEIN5R Al Right-channel analog input 5
57 LINEIN6L Al Left-channel analog input 6
58 LINEIN6R Al Right-channel analog input 6
60 LINEIN7L Al Left-channel analog input 7
61 LINEIN7R Al Right-channel analog input 7
63 LINEINSL Al Left-channel analog input 8
64 LINEINSR Al Right-channel analog input 8
66 LINEINOL Al Left-channel analog input 9
67 LINEINOR Al Right-channel analog input 9
69 LINEIN1OL Al Left-channel analog input 10
70 LINEIN1OR Al Right-channel analog input 10
71 AVDD_ADC 3.3-V analog power
72 AVSS_ADC/REF P Analog ground
73 BIAS_REF AO Pin should be tied to analog ground with 22 kQ + 1%.
74 BG_REF AO Band-gap output. Must be tied to ground with 1-yF low-ESR capacitor.
75 V1P5_REF AO Common-mode output. Must be tied to ground with 1-uF low-ESR capacitor.
76 AVDD_REF P 3.3-V analog power

HE | T | -
81 AVSS LO P Analog ground
82 LINEOUT1L AO Left-channel analog output 1
83 LINEOUTI1R AO Right-channel analog output 1
84 DACOUTI1L AO Left-channel digital-to-analog converter output 1
85 DACOUTIR AO Right-channel digital-to-analog converter output 1
86 DACOUT2L AO Left-channel digital-to-analog converter output 2
87 DACOUT2R AO Right-channel digital-to-analog converter output 2
88 AVSS_DAC Analog ground
89 AVDD_DAC P 3.3-V analog power
90 AVDD_HP P 3.3-V analog power
91 HPOUTL AO Left-channel headphone output
92 AVSS_HP P Analog ground
93 HPOUTR AO Right-channel headphone output
94 AVDD_HP 3.3-V analog power
95 AVSS_ESD P Analog ground
96 XTAL_IN DI External crystal input

6 Submit Documentation Feedback Copyright © 2007-2011, Texas Instruments Incorporated
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Table 2. TERMINAL FUNCTIONS (continued)

TERMINAL
I/O | TERMINATION® DESCRIPTION
NO. NAME
97 XTAL_OUT DO External crystal output
Pinout of internal regulator. A 4.7-yF low-ESR capacitor should be
98 VR_ANA P connected between this pin and digital ground. This terminal must not be
used to power external devices.
99 AVDD_OSC P 3.3-V analog power
100 DvDD1 3.3-V digital power

Copyright © 2007-2011, Texas Instruments Incorporated
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Clocks

The TAS3208 can be configured as either the clock master or clock slave depending on the settings in the clock

configuration register. By default, the TAS3208 is configured as the clock master. Figure 3 shows the block
diagram of the TAS3208 clocks.

www.ti.com
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Figure 3. Clocking System

Digital Audio Interface

The TAS3208 has three digital inputs that accept discrete 1S, discrete left-justified, and discrete right-justified
PCM data.

The TAS3208 has two digital outputs that provide discrete 1°S, discrete left-justified, and discrete right-justified
PCM data.The second digital output can also be configured to provide SPDIF encoded PCM data.

The TAS3208 has a SPDIF input that is capable of routing an SPDIF-encoded signal through the device. This

input is not processed by the digital audio processor (DAP). The clocking system for the device is shown in
Figure 4.

8 Submit Documentation Feedback Copyright © 2007-2011, Texas Instruments Incorporated
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I°’C Sub Address x 00
31 25 24 23 21 18 16 15 13 11 9 7 5 3 1 0
’ S‘ Slave Addr ‘Ack‘ Sub Addr‘ Ack ‘Res ‘Res ‘CMS ‘Ack ‘Res ‘Res ‘ Res‘ ON ‘Ack ‘Res‘ OW‘ Res ‘IW ‘Ack ‘ Res‘ OM ‘Res‘ IM ‘Ack‘
IM[1] | IM[0] | INPUT SAP MODE
0 0 Left-justified
CMS | CLOCK MASTER SELECT 0 1 Right-justified
0 | Clock slave mode 1 0 |Is
1 Master mode 1 1 Reserved

ON | SAP OUTPUT NORMALIZATION / OM[1]| OM[0] | OUTPUT SAP MODE
0 | Normalization disable 0 0 | Left-justified

¥

1 Normalization enable 0 1 Right-justified
1 0 I’S
1 1 Reserved

IW[1] | IW[0] | INPUT SAP WORD SIZE
0 0 16-bit
\ 0 1 20-bit
1 0 24-bit
1 1 Reserved

OW[1]| OW[0] | OUTPUT SAP WORD SIZE
0 0 16-bit
0 1 20-bit
I 1 0 24-bit
1 1 Reserved

I’C Sub Address x 01
31 23 15 7 6 2 0

’ S‘ Slave Addr‘Ack‘ Sub Addr‘Ack ‘ Hes‘Ack ‘ Res‘Ack ‘ Res‘ Ack ‘ Res‘ M ‘ N ‘ Ack‘

Figure 4. Clocking System I2C Mapping

Clock Master Operation

When configured as the device clock master, an external crystal is used as a reference to an internal oscillator.
In this mode of operation, all internal clocks are generated by the oscillator.

* LRCLKOUT is fixed at 48 kHz (Fs).

* SCLKOUT is fixed at 64 x Fs.

*+  MCLKOUT is fixed 256 x Fs.

Clock Slave Operation

When configured as the device clock slave, the DAP, MCU, and I1°C interface are derived from the external
crystal. However, the digital audio clocks are supplied externally.

Internal analog clocks for the analog-to-digital converter (ADC) and digital-to-analog converter (DAC) are derived
from the MCLKIN input. As a result, analog performance depends on the quality of MCLKIN.

Degradation in analog performance is to be expected, depending on the quality of MCLKIN.

The TAS3208 device does not include any internal clock error or click/pop detection/management. The muting of
the outputs at updating of sample-rate-dependent coefficients must be initiated by the host system controller.

Copyright © 2007-2011, Texas Instruments Incorporated Submit Documentation Feedback 9
Product Folder Link(s): TAS3208
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MCLKOUT, SCLKOUT, and LRCLKOUT are passed through from the clock inputs MCLKIN, SCLKIN, and
LCLKIN.

MCLKIN 256 x Fs is supplied externally.
SCLKIN 64 x Fs is supplied externally.
LRCLKIN Fs is supplied externally.

NOTE
In slave mode, all incoming serial audio data must be synchronous to an incoming
LRCLKIN of 32, 44.1, or 48 kHz. The TAS3208 does not support the use of an external
(i.e., 24-MHz) clock input into XTALIL.

Digital Audio Data Formats

Serial data is input on pins SDIN3-SDIN1 on the TAS3208, allowing up to six channels of digital audio input. The
TAS3208 supports 16-, 20-, or 24-bit data in left, right, or I°S serial data format. By default, all TAS3208 serial
digital inputs are configured in the 24-bit 1°S format. The serial data input format is configurable via the
SAP/Clock Settings register.

Serial data is output on pins SDOUT1 and SDOUT?2, allowing up to four channels of digital audio output. By
default, the SDOUT data format is 24-bit 1°S format at the same data rate as the input. The SDOUT1 and
SDOUT?2 outputs use SCLKOUT and LRCLKOUT signals to provide synchronization. SDOUT2 is multiplexed
with an SPDIF output.

NOTE
To avoid audio artifacts, 1°C commands to reconfigure the serial audio port (SAP) should
not be issued as stand-alone commands, rather they should be accompanied by mute and
unmute commands.

The TAS3208 uses the SCLK as a reference for both input and output samples. The negative edge of SCLK is
used to output a new data bit, whereas the positive edge of SCLK is used to sample incoming serial data.

Discrete 1°S Timing

I°S timing uses an LRCLK to define when the data being transmitted is for the left channel and when it is for the
right channel. The LRCLK is LOW for the left channel and HIGH for the right channel. A bit clock running at 64 x
Fs is used to clock in the data. There is a delay of one bit clock from the time the LRCLK signal changes state to
the first bit of data on the data lines. The data is written most significant bit (MSB) first and is valid on the rising
edge of bit clock. The TAS3208 will mask unused trailing data bit positions.

2-Channel I’S (Philips Format) Stereo Input

< 32 clks >4 32 clks >
LRCLK (note reversed phase) Left Channel Right Channel

i SCLK
nannnnnhnnhnnEnnnnhnhnnnnnnnhnEaannnnnhnnhpnnnhnnhnnhEnnEhnnng
MjSB LSB iMSB LSB

24-Bit Mode

@@@@@@G@@@@@Q@@GGGBGGGOO DO OEHOOCEEO00.060.0006006000,

20-Bit Mode

OO CELELOD.000006,00000; (19X18X1 7X16X12X1 4X13X12X XX o X EXTXEX X4 X 3X 2 X TX )

16-Bit Mode

@@@@Q@Q@OGBQQQQQ GEECN0.00.00.0.00.000

A. All data are presented in 2s-complement form with MSB first.

Figure 5. SAP I°S 64 x Fs Format

10 Submit Documentation Feedback Copyright © 2007-2011, Texas Instruments Incorporated
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Discrete Left-Justified (LJ) Timing

Left-justified timing uses an LRCLK to define when the data being transmitted is for the left channel or right
channel. The LRCLK is HIGH for the left channel and LOW for the right channel. A bit clock running at 64 x Fs is
used to clock in the data. The first bit of data appears on the data lines at the same time the LRCLK toggles. The
data is written MSB first and is valid on the rising edge of bit clock. The TAS3208 will mask unused trailing data
bit positions.

2-Channel Left-Justified Stereo Input

32 clks 32 clks

4
A

A

LRCLK Right Channel

SCLK

AUUUUTUUUUUrUrrUrrrur Ui Uy

Left Channel

ATUTUUUUUUUUrUrUrrur iU U u Uy

MSB LSB MSB LSB
24-Bit Mode

SO OOLLEOEED 00000006000 SO OOLLEOEED00.0.00000.000.

20-Bit Mode

1oX18X17X16X12X19X13X12X X 1oX o X EX 7 X EX X 4 X 3X2 X X0 DOV OEOEED0.00.00600000

16-Bit Mode

EOCED00.0.000006000 CEEEN0 00000600000

A. All data are presented in 2's complement form with MSB first.

Figure 6. SAP Left-Justified 64 x Fs Format

Discrete Right-Justified (RJ) Timing

Right-justified timing uses an LRCLK to define when the data being transmitted is for the left channel or right
channel. The LRCLK is HIGH for the left channel and LOW for the right channel. A bit clock running at 64 x Fs is
used to clock in the data. The first bit of data appears on the data 8-bit clock periods (for 24-bit data) after
L/RCLK toggles. In RJ mode, the LSB of data is always clocked by the last bit clock before L/RCLK transitions.
The data is written MSB first and is valid on the rising edge of bit clock. The TAS3208 will mask unused leading
data bit positions.

2-Channel Right-Justified (Sony Format) Stereo Input

< 32 clks > 32 clks »
A
LRCLK Left Channel Right Channel
SCLK

AU UL AUl rsU oy U e U U U U g L
MSB LSB IMSB | | LSB

24-Bit Mode |
@@@ DO TEEO 006000600600 & @@@@0@@@@@@96@6909900

20-Bit Mode
OO O EOEEDE00000066000 @0@@@@@@969666690 0

16-Bit Mode
<'_f 1aX13X12X X190 o XBX T XEXEX 4 X2 X2X X0 & CEECO000.000.060600

A. All data are presented in 2s-complement form with MSB first.
Figure 7. SAP Right-Justified 64 x Fs Format

Copyright © 2007-2011, Texas Instruments Incorporated Submit Documentation Feedback 11
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SAP Input and Output Normalization

The TAS3208 supports SAP input and SAP output normalization. This supports simultaneous output to
left-justified and 1S devices.

NOTE
The normalization function is only available in slave mode.

I’S, Left, or I’S, Left, or
Right Justified Right Justified
MCLKIN MCLKOUT
SCLKIN SCLKOUT N
External
Data Source LRCLKIN TAS3208 LRCLKOUT DAC
SDIN SDOUT -
Figure 8. SAP Output Normal Configuration (No Normalization)
12 Submit Documentation Feedback Copyright © 2007-2011, Texas Instruments Incorporated
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Figure 9. SAP Output Configuration (IS to Left Normalization ON)
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Figure 10. SAP Output Configuration (I°S to Left Normalization OFF)
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Figure 11. SAP Output Configuration (Left to I°S Normalization ON)
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Figure 12. SAP Output Configuration (Left to 1°S Normalization OFF)

SPDIF Encoder

The SPDIF encoder is a digital audio transmitter designed for use in consumer audio applications. Transmit data
rates up to 48 kHz are supported. The SPDIF encoder complies with the IEC 60958 interface standard.

The SPDIF encoder creates a multiplexed bit stream containing audio, status, and user data. The multiplexed
data format is shown in Figure 14. The data is then biphase mark encoded and output.

The hardware architecture of the SPDIF encoder is shown in Figure 13.

| serial Audio Port SbouTt2
" Transmitter
LKIN ——p|
sC Serial Audio Channel Mute
LRCLKIN —— Port Control SDOUTZ/
Receiver
SDIN ——» ( ) »| SPDIF Encoder | SPDIF__
DAP
T Control Signals
Analo
ANALOGIN ——»f 10899 SPDIF Control ‘
Register 1
“o
SPDIF_IN
Output
Selector
Figure 13. SPDIF Encoder Hardware Architecture
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*7 Start of Channel Status Block

4—Frame 191 ———P»<¢—— Frame 0 ————»¢—— Frame 1 ———»

X | Channel A ChannelB | Z | Channel A |Y | ChannelB | X | ChannelA | Y| Channel B
N One Sub-Frame ir‘
Bits: 0 34 78 27 28 29 30 31
Preamble | Aux Data | LSB Audio Data MSB|V|U|C| P|
Validity Data—T
User Data
Channel Status Data———
Parity Bit————

Figure 14. SPDIF Frame Format

SPDIF Encoder Operation

The SPDIF encoder performs the multiplexing of audio, channel status, user, and validity flag. It also performs
biphase mark encoding of the multiplexed data stream. Audio data for both left and right channels from the DAP
are latched at the rising edge of the internal LRCLK, which marks the beginning of next sample cycle. The SPDIF
encoder then multiplexes these samples with internally-generated preambles, channel status, user data, validity
flag, and parity. The channel status and validity flag are generated based on the settings in the SPDIF control
registers, while the user data is fixed to all zero. The biphase mark-encoded signal is then output starting at the
next rising edge of the internal LRCLK. The generated SPDIF stream is fixed to consumer-mode linear audio
PCM format.

While the RESET input is low, the transmitter output (SPDIF_OUT) is forced to logic low level. Upon setting
RESET high, the SPDIF encoder remains inactive until the module reset is removed by writing 0 to the RST bit of
the control register. Then this module will wait for synchronization with the internal frame clock and start
encoding audio data. It is recommended to set all other SPDIF control register bits before releasing the module
reset.

Transmitter Control Register
Table 3 shows the M8051 SFR register map for the SPDIF module control.

Table 3. M8051 SFR Register Map

ADDR 7 6 5 4 3 2 1 0
xx00 RST CP EMP
xx01 CATEGORY L
xx10 SR VL VR SRCNUM
xx11 CLKAC WORDLEN

The relationship of the M8051 SFR register map with I12C registers is described in Table 4.
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Table 4. Relationship of M8051 SFR Register Map With I°C Registers
RST Module reset
0 Normal operation
1 Reset SPDIF TX module (default)
CP Copy permit
0 Copy prohibit (default)
1 Copy permit
EMP Preemphasis
0 No preemphasis (default)
1 50-/15-ps 2-channel preemphasis
CATEGORY Category code 7-bit device category code (default “0101010”) (digital sound processor)
L Generation status
0 Generation 1 or higher (default)
1 Original
SR Sampling rate
00 44.1 kHz
01 48 kHz (default)
10 Reserved
11 32 kHz
VL Validity for left channel
0 Left-channel data is valid (default)
1 Left-channel data is invalid
VR Validity for right channel
0 Right-channel data is valid (default)
1 Right-channel data is invalid
SRCNUM Source channel number
"0000" Not specified
"0001" 1
"0010" 2 (default)
"0011" 3
"1000" 8
CLKAC Clock accuracy
"00" Level I, 1000 ppm
"01" Level lIl, variable pitch shifted
"10" Level I, 50 ppm (default)
"11" Reserved
WORDLEN Sample bit size
"0000: 24 bits (default)
"0001" 23 bits
"0010" 22 bits
"0100" 20 bits
"1000" 16 bits
Others Reserved
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I°C Register Map for SPDIF

Figure 15 shows system-accessible I°C register mapping for controlling the SPDIF module. The mute control
(MTE) uses the same control bits for controlling SDOUT2 mute at subaddress 0x09, and the module reset (RST)
is mapped to subaddress 0x10 together with other power-down control bits. Other control bits are mapped to
subaddress 0x16.

0x09
31 18 17 12 11 10 9 8 7 21 0
|s ‘Slave Addr‘Ack‘SubAddr‘Ack‘ 00000000000000 ‘ AMUXes \ SDOUT2 ‘ SDOUTH DACs ‘ DIT |
v 00| X Mute Ctl A 4
Decode *1 | Force Mute Off Decode
ﬂ Force Mute On
0x10
31 8 7 6 0 TX-SAP
s ‘Slave Addr‘Ack‘Sub Addr‘Ack‘ 0...0 ‘DITRST‘ PWRDN CTL| MUTE
| RSTZ| SPDIF-TX |_SDbouTt2
SPDIF_IN *
0x16 —
31 30 29 2827 242322 21 20 19 16 15 987 21 0
| s ‘Slave Addr‘Ack‘Sub Addr Ack‘ cP ‘ EMP‘ CLKAC ‘ WORDLEN ‘ SR ‘ VL ‘ VR ‘SRCNUM‘CATEGORY‘ L ‘oooooo‘ OUTMUX|
— v !
pstl | | Jor| | e
I —
| CATEGORY ‘ L |<
ESFR —| ‘ i i yy—‘
| SR ‘ VL ‘ VR ‘ SRCNUM |
v
| ‘ ‘ CLKAC ‘ WORDLEN |
Figure 15. 1°C Register to EFSR and Hardware Connection Map
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Specification Coverage

The TAS3208 is covered by the following specifications:
+ |EC 60956-1: Second Edition, 2004-03
* |EC 60956-3: Second Edition, 2003-01
« |EC 958-2: First Edition, 1994-07

Specification coverage details can be found in Table 5.

Table 5. TAS3208 Specification Coverage®

Channel Status — Application (5.2.2) —

SPECIFICATION SECTION SUPPORTED REMARKS
Interface Format (4) Yes Auto frame formatting
IEC 60958-1 - . -
Channel Status (5) Yes First two bits fixed to 00 (consumer, linear PCM)
Mode 1 (software info delivery using
IEC 958-2 b32-191 of channel stat) No Bits 28-191 fixed to all zero
(4.2.2.1-4.2.2.3)
Channel Status — General (5.1) Yes First channel status bit fixed to O
b0O-1: Fixed (00)
Channel Status — Application (5.2.1) — Ves b2: Register settable
ByteO (control) b3-5:  Register settable
b6-7: Fixed (00)
_ - _ Category code is register settable, with default value
CB:hanneI Status — Application (5.2.2) . Yes,_ . 0101010L (digital sound processor), but user data is
ytel (category) with restriction | .
fixed to all zero.
Channel Status — Application (5.2.2) — Ves b16-19: Register settable
Byte2 (source and channel number) b20-23: H/W auto set (1 for left, 2 for right channel)
Channel Status — Application (5.2.2) — Yes b24-27: Register settable (32, 44.1, 48 kHz only)
Byte3 (sampling freq and clock with restr’iction b28-29: Redgist tabl
—29: Register settable
IEC 60958-3 accuracy) 9
H/W auto set according to register setting,

,b32_35 24-bit original output sample truncated to the

Byte4 (word length, original sampling Yes, specified word length
— apy» partially
rate, Byte0, b1, 6, 7 = “0”) b36-39 . o
. Fixed to all zero (not indicated)
Yes Specifying categories other than 0101010L (digital

Category Code Groups (5.3.2)

with restriction

sound processor), especially those requiring nonzero
user data is not recommended.

User Data (6) All zero
Clock accuracy indication is register settable. Expected
Timing Accuracy (7.2.1) Yes to set level | (50 ppm) for master mode (XTAL source) or
level 1l (1000 ppm) for slave mode.
Line Driver Characteristics (7.3.2) No Standard output buffer. Needs external SPDIF driver

(e.g., optical driver).

(1) Other sections of the specification not mentioned here are either considered irrelevant or covered elsewhere. IEC 60958-4 is specific for
professional applications and, thus, irrelevant.
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Analog Audio Interface

The TAS3208 is has ten analog stereo inputs that are multiplexed to one ADC. Additionally, the TAS3208 has
one line output that can source any of the ten analog stereo inputs.

The TAS3208 has three stereo DACs. The outputs of of DAC3 are designed to be used as a 24-mW headphone
amplifier or line driver. The other two DAC outputs are configured as stereo line drivers.

Both the ADC and DAC blocks can be placed in power down when not used.
Figure 16 shows a block diagram of the analog interface.

Stereo Analog-to-Digital Converter (ADC)

The TAS3208 has an analog 10:1 input multiplexer and an 11:1 output multiplexer. These can accept analog
stereo inputs up to 1 Vrms. The outputs of the multiplexers are the stereo ADC and the line output.

The ADC supports a sampling rate of 48 kHz in clock master mode. In clock slave mode, 32-, 44.1-, and 48-kHz
sampling frequencies are supported, based on the master clock frequency.

Stereo Digital-to-Analog Converters (DACs)

The TAS3208 has three stereo DACs. Each DAC can operate a maximum of 48 kHz. The DACs provide a
48-kHz sampling frequency in master mode. In slave mode, 32-, 44.1-, and 48-kHz sampling frequencies are
supported, based on the master clock frequency. Two of the DACs are configured for providing line outputs. One
of the stereo DACs has the capability to drive either a line out or to be used as a headphone (HP) amplifier.

The stereo HP amplifier is designed to drive up to 24 mW per channel into a headphone speaker load of 16 Q.
The headphone output is a single-ended configuration using series 16-Q resistors and ac-coupling capacitors.

The TAS3208 includes a multiplexed stereo line driver output. The input can be selected to use the output of the
stereo DAC or one of the ten sets of analog inputs. The line driver is capable of driving up to a 10-kQ load.
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Line Amp
MUX 10:1
O /
. a 3
—— <
LINE IN 10 ch —— < Amp < ADC 1
(Stereo) —— 2 N\
1VRys (single-ended)  ——
MUX 11:1 D2S Line Amp
N +
LINEOUT 1 LR [X}—— ) -1 < DAC1 |
(Stereo) = — \
w0
<
L VRer
el
c
©
[T
DACOUT 1 /R [X] s
(Stereo) >
D2S Line Amp
DACOUT 2 L/IR X} -1 |~ < DAC2 |}———
(Stereo)
+ ;
D2S HP Amp
HPOUT /R D -1 |_ < DAC 3
(Stereo) ¥ \
Register Map for MUTE Control
0x09
Pin Name BIT MUTE Block Pin Name BIT MUTE Block
| LINEOUT1 | [13 [12] [ MuUx1] | DACOUT1 | | 7] 6] | DACH1 |
Pin Name BIT MUTE Block
[ bAcouT2 | | 5] 4] [ DAC2]
Pin Name BIT MUTE Block
| HPouT | | 3] 2] | DAC3]
DESCRIPTION
0 0 HW Mute control
* 1 Force MUTE OFF
1 0 Force MUTE ON
Figure 16. Analog Input/Output
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Embedded M8051 WARP Microcontroller

The embedded M8051 WARP microcontroller provides the overall control for the TAS3208 device. This control
includes device initialization, memory loading, I1°C transactions, control-pin operations, and participation in most
processing tasks requiring multiframe processing cycles.

The microcontroller has its own data RAM for storing intermediate values and queuing I°C commands, a fixed
boot program ROM, and a programmable program RAM. The microprocessor’s boot program cannot be altered.
The microcontroller has specialized hardware for a master and slave interface operation, volume updates, and a
programmable interval timer interrupt.

M8051 Addressing Modes

The 256 bytes of internal data memory address space are accessible using indirect addressing instructions
(including stack operations). However, only the lower 128 bytes are accessible using direct addressing. The
upper 128 bytes of direct address data memory space are used to access external special function data registers
(ESFRs).

Register Banks

There are four directly addressable register banks, only one of which may be selected at one time. The register
banks occupy Internal data memory addresses from 00 hex to 1F hex.

Bit Addressing

The 16 bytes of internal data memory that occupy addresses from 20 hex to 2F hex are bit addressable. ESFRs
that have addresses in the form 1XXXX000 binary are also bit addressable.

Scratch Pad

Internal data memory occupying direct addresses from 30 hex to 7F hex can be used as scratch-pad registers or
for the stack.

External Data Memory

External data RAM occupies a 64K address space. This space contains ESFRs. ESFRs permit access and
control of the hardware features and internal interfaces of the TAS3208 DSP.

M8051 Boot-Up Sequence

Figure 17 shows the boot-up sequence. M8051 MCU ROM code follows this sequence after device reset
release. After the micro completes the boot-up application code (RAM code), the microcontroller switches the
program counter from ROM to RAM code by pc_source(esfr - OxFD).
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Figure 17. Boot-Up Sequence

Detailed information about the boot-up sequence is given in Table 6.
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Table 6. Process Description

PROCESS STATE ESFR DESCRIPTION

DSP — idle
uP — initialization
I2C bus — high
uP flush internal RAM Clear micro internal RAM (256 byte)
uP flush external RAM Clear micro external RAM (2048 byte)
uP command to flush delay memory clr_dly_ram (0xcO bit(3)) ‘ 1
uP initialize variables Initialize variables

mute0_t

mutel t 0 Default mutez control

mute2_t

reset_dac_mod Oxff

reset_adc_sinc 0x03
uP set default H/W configuration clock_controll 0x0a

clock_delay_control2 0x05

clock_delay_sel 0x80

i2s_word_byte 0x22 '

i2c_mode_byte 0x22 :\'\/AV//((D)'\VAV : I%g bit

sap_en 1
uP flush uP instruction RAM mem_sel 0x02 Clear uP instruction RAM (16384 byte)
uP flush DSP instruction RAM mem_sel 0x01 Clear DSP instruction RAM (3328 W)
uP flush DSP lower coefficient/data RAM | mem_sel 0x00 8§agitl)3§;:/<l)\zv7e6r8c3\(7;ﬁcient RAM (1024 W) and data
Enable 12C master interface fg)tup I2C master interface mode (enable interrupt
EEPROM load
ggfgiﬁtsga?easwr mode and enable i2c_ms_ctl 0 Switch control MUX to slave 1°C port
Switch ROM to RAM pc_source 1

If (gpio_in_3_0==1) {
Load default DSP N host_dsp 0 rglztg?sp = 1; /* keep DSP turned off */
Program and coefficient Host_dsp = O; /* tun on DSP */
}

GPIO1 output low Enable GPIO output mode, and output low

Control Pins

RESET

RESET is an asynchronous control signal that restores all TAS3208 components to the default configuration.
When a reset occurs, the digital audio processor (DAP) is put into an idle state and the M8051 MCU starts
initialization. A reset can be initiated by inputting logic 0 on the reset pin . A reset will also be issued at power-up
sequencing by the internal 1.8-V regulator power subsystem.

NOTE
There is a 1.3-ps deglitch filter on RESET.

During a power up sequencing process, RESET should be held low until the DVDD and AVDD power inputs
have reached a voltage of 3 V.

As long as RESET is held a logic 0, the device is in the reset state. During this reset state, all I°C and serial data
bus operations are ignored. The I°C interface SCL and SDA lines goes HIGH and remain in that state until
device initialization has completed.
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Power-Up Sequence

The rising edge of the RESET pin begins the initialization of housekeeping functions by clearing memory and
setting the default register values. After housekeeping initialization is complete, the TAS3208 enables the master
I2C interface. The TAS3208 then uses the master I°C interface to determine if an external memory device is
present.

External Memory Device Present

Using the master I1°C interface, the TAS3208 will automatically test to see if an external memory device is at
address 1010xxx. The value xxx can be chip selects, other information, or don’t care depending on the EEPROM
selected.

If an external memory device is present and it contains the correct header information along with one or more
blocks of program/memory data, the TAS3208 will automatically download the M8051 MCU program RAM,
coefficient, and/or data RAM from the external EEPROM. This download is considered complete when an ‘end of
program’ header is read by the TAS3208.

The memory block structure of the external memory device is available in Master 12C Load RAM Block Formats.

At this point, the TAS3208 will disable the master 1°C interface, enable the slave I°C interface, and start normal
operation. After a successful download, the M8051 MCU program counter will be reset and the downloaded
M8051 MCU and DSP application firmware will control execution.

External Memory Device Not Present

If no external EEPROM is present or if an error occurred during the external memory device read, the TAS3208
will disable the master I2C interface, enable the slave I°C interface. The default slave configuration will then be
loaded from the ROM into the M8051 MCU and DSP. In this default configuration, the TAS3208 will stream audio
from input to output if the GPIO1 pin is pulled LOW.

NOTE
The master and slave interfaces do not operate simultaneously, thus when one interface is
enabled, the other is disabled.

I2C Chip Select (CS)

The CS pin on the TAS3208 allows up to two TAS3208 devices to be addressed by the I1°C bus via an external
host controller, without the need for external logic. Table 7 and Table 8 list the 1°C address for each I°C interface.

Table 7.
I2C Slave Addressing
SLAVE ADDRESS cs
0x68/69
OX6A/6B
Table 8.
I2C Master Addressing
SLAVE ADDRESS cs
OXAO/AL
OXA2/A3 1

General-Purpose Input/Output (GPIO) Pins

The TAS3208 has two level-sensitive GPIO pins, GPIO1 and GPIO2, that are firmware programmable. Upon
power up or following a RESET, GPIO1 becomes an input and has a special function as described in GPIO1 Pin
Function.
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GPIO1 Pin Function

+ After RESET or power-up initialization, if no EEPROM is present, a memory error occurs, or SDA and SCL
are pulled LOW for 1 ms, then TAS3208 will disable the master I°C interface and enable the slave I1°C
interface initialization, to load the slave default configuration.

— When GPIO1 has been pulled HIGH through a 10-kQ to 20-kQ resistor, the TAS3208 will then initialize in
the default configuration with the serial data outputs not active. Once the TAS3208 has completed its
default initialization procedure, with the Status register updated and the 1°C slave interface enabled,
GPIO1 will become an output and will be driven LOW. Following the HIGH to LOW transition of GPIO1,
the system controller can access the TAS3208 through the I12C interface and read the Status register to
determine the load status.

If a memory read error occurs, the TAS3208 reports the error in the Status register.

— When GPIO1 has been pulled LOW through a 10-kQ to 20-kQ resistor to permit a simple functional device

test, GPIO1 can be pulled LOW using external logic and a 10-kQ to 20-kQ resistor. In this case, once the
TAS3208 has completed its default test initialization procedure, with the Status register updated and the
I2C slave interface enabled, the TAS3208 will stream audio from the input SDIN1 to outputs SDOUT1 and
SDOUT2.
At this point, GPIO1 becomes an output and will be driven LOW. If the external logic is no longer driving
GPIO1 LOW after the load has completed (#¥100 ms following a RESET if no EEPROM is present), the
state of GPIO1 can be observed. At this point, the system controller can access the TAS3208 through the
I2C interface and read the Status register to determine the load status.

NOTE
If the GPIOL pin state is not observed, the only indication that the device has completed
its initialization procedure is that the TAS3208 will stream audio and the I1°C slave
interface has been enabled.

NOTE
Some 1°C masters will hang when they receive a NAC during an 12C transaction.

+ Once the TAS3208 has been programmed either through a successful boot load or via slave 1°C download,
the operation of GPIO1 can be programmed to be an input or an output.

GPIO Ports

In 1°C slave mode, the GPIO ports can be used as true general-purpose ports. Each port can be individually
programmed via the 12C bus to be either an input or output port. The default assignment for all GPIO ports in 1°C
slave mode is an input port.

When a given GPIO port is programmed as an output port, by setting the appropriate bit in the bit field GPIODIR
of subaddress 0x0C to logic 1, the logic-level output is set by the logic level programmed into the appropriate bit
in bit field GPIO IN OUT. The I°C bus then controls the logic output level for those GPIO ports assigned as
output ports. When a given GPIO port is programmed as an input port by setting the appropriate bit in bit field
GPIODIR to logic 0, the logic input level into the GPIO port is written to the appropriate bit in bit field GPIO IN
OUT. The I2C bus then can be used to read bit field GPIO IN OUT to determine the logic levels at the input GPIO
ports. Whether a given bit in the bit field GPIO IN OUT is a bit to be read via the 1°C bus or a bit to be written to
via the I°C bus is strictly determined by the corresponding bit setting in bit field GPIODIR.

In I°C slave mode, the GPIO input ports are read every GPIOMICROCOUNT micro clocks, as was the case in
the I°C master mode. However, parameter GPIO_samp_int does not have a role in I°C slave mode. If a GPIO
port is assigned as an output port, a logic 0 bit value is supplied by the TAS3208 for this GPIO port in response
to a read transaction at subaddress 0Ox0C.

If the GPIO ports are left in their power turnon default state, they are input ports with a weak pullup on the input
to VDSS.
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Watchdog Timer

There is a hardware watchdog timer in the TAS3208 that can be programmed in the customer application code
to monitor the microprocessor activity. If the watchdog timer expires, it will generate a reset to the 8051
microprocessor. GPIOMICROCOUNT, in subaddress 0x0C, is used in order to trigger GPIO and the monitoring
to the DSP diagnostic count. Because of this, the value selected for GPIOMICROCOUNT must be chosen to
provide a good tradeoff of between micro overheard and adequate execution frequency of these processes. The
default value for this counter is 0x5820 which corresponds to a period of 1.25 ms.

Figure 18 shows the GPIO register, the GPOI interface, and a typical user application code implementation of the
watchdog timer reset.

I’C Sub Address x 0C
31 30 27 25 24 23 15 7 0

lS‘SIave Addr‘Ack‘Sub Addr‘Ack‘WDE‘ Res} G L] ‘GP”%‘R} Ack‘GP'OM'CROCOUNT‘ Ack ‘GP‘OM'CROCOUNT‘Ack‘ GPIO_samp_int | Ack

0o [ 1 MS BYTE LS BYTE
A 4
f See Note A
8051 uControl
—»| Data_IN_OUT o (ol ) onabl
Down Counter “0” (default state) enables
MICRO_CLK LD watchdog timer
Reset MICRO_CLK
L Watchdog Timer {¢————
»/
8051 uC Firmware ¢

Reset

Decode 2716 Decode 216

Data Path
ENB Switch
GPIO1 Q
D
'
Sampling
ENB Logic
GPIO1 o)
D
L
A. Determines how many consecutive logic 0 samples (where each sample is spaced by GPIOMICROCOUNT
Micro_clks) are required to read a logic 0 on a GPIO input port
Figure 18. GPIO Ports
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I°C Control Interface

General I°C Transactions

The M8051 microprocessor receives and distributes 1°C data to the I°C bus controllers, and participates in most
I>’C processing tasks requiring multiframe processing cycles. The master and slave interfaces do not operate
simultaneously.

The 12C communication protocol for the I°C slave mode is shown in Figure 19.

Start Read or Write Stop
(by master) (by master) (by master)

| Slave Address | Data Byte o Data Byte |
} (By master) | (by transmitter) L (by transmitter) }
1 1 IR 1
—| O ~ |00 m [ x o mn| x
)
s|of1| 1ol 883 %2 22| % 2| s
(See Note A)
Acknowledge Acknowledge Acknowledge
(by TAS3208) (by receiver) (by receiver)

I2C_SDA \ / vsB XMSB—1XMSB—2X::::::: x tse \ i/
e ——
12C_SCL Lo | | | | | | | _____ | | | | | |

e e
Start Condition Stop Condition
12C_SDA ! while I2C_SCL =1 I2C_SDA 1t while I2C_SCL =1

A. Bits CS1 and CSO0 in the TAS3208 slave address are compared to the logic levels on pins CS0 and CS1 for address
verification. This provides the ability to address up to four TAS3208 chips on the same 1°C bus.

Figure 19. I°C Slave-Mode Communication Protocol

The 1°C bus employs two signals — SDA (data) and SCL (clock) — to communicate between integrated circuits in
a system. Data is transferred on the bus serially one bit at a time. The address and data be transferred in byte
(8-bit) format with the MSB transferred first. In addition, each byte transferred on the bus is acknowledged by the
receiving device with an acknowledge bit. Each transfer operation begins with the master device driving a Start
condition on the bus and ends with the master device driving a Stop condition on the bus. The bus uses
transitions on the data (SDA) terminal 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. The master generates the 7-bit slave address
and the read/write (R/W) bit to open communication with another device and then waits for an acknowledge
condition. The slave holds SDA LOW during the acknowledge clock period to indicate an acknowledgement.
When this occurs, the master transmits the next byte of the sequence. Each device is addressed by a unique
7-bit slave address plus R/W bit (1 byte). All compatible devices share the same signals via a bidirectional bus
using a wired-AND connection. An external pullup resistor must be used for the SDA and SCL signals to set the
HIGH level for the bus.

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.

A read transaction requires that the master device first issue a write transaction to give the TAS3208 the
subaddress to be used in the read transaction that follows. This subaddress assignment write transaction is then
followed by the read transaction. For write transactions, the subaddress is supplied in the first byte of data
written, and this byte is followed by the data to be written. For write transactions, the subaddress must always be
included in the data written. There cannot be a separate write transaction to supply the subaddress, as was
required for read transactions. If a subaddress assignment's only write transaction is followed by a second write
transaction supplying the data, erroneous behavior results. The first byte in the second write transaction is
interpreted by the TAS3208 as another subaddress replacing the one previously written.
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Multiple Byte Write

A multiple byte data write transfer is identical to a single byte data write transfer, except that multiple data bytes
are transmitted by the master device to slave (see Figure 20). After receiving each data byte, the TAS3208 will
respond with an acknowledge bit.

Start Stop
Condition Condition
J Acknowledge Acknowledge Acknowledge Acknowledge Acknowledge

/76 X 5 )-s5- At X A0 XRMIXAck) A7 X A6 )-56~{ A1 ) A0 }(Ack) D7 )-55~{ D0 X(Ack) D7 -5~ D0 X Ack) D7 )-55~ DO ) Ack)
- AN J\ J \ v )\ v J

I°C Device Address and Read/ Write Bit Sub Address First Data Byte Other Data Bytes Last Data Byte

Figure 20. Multiple Byte Write Transfer

Multiple Byte Read

A multiple byte data read transfer is identical to a single byte data read transfer, except that multiple data bytes
are transmitted by the TAS3208 to the master device (see Figure 21). Except for the last data byte, the master
device will respond with an acknowledge bit after receiving each data byte.

Repeat Start Stop
Condition Condition
Start
Condition Not
J Acknowledge Acknowledge Acknowledge Acknowledge Acknowledge ACknOI‘/'edge

N J J N J L J J A\ )
Y Y Y Y Y
I°C Device Address Sub Address I°C Device Address First Data Byte Other Data Bytes Last Data Byte
and Read/Write Bit and Read/Write Bit

Figure 21. Multiple Byte Read Transfer

Random I°C Transactions

Supplying a subaddress for each subaddress transaction is referred to as random 1°C addressing. For random
I2C read commands, the TAS3208 responds with data, a byte at a time, starting at the subaddress assigned, as
long as the master device continues to respond with acknowledges. If a given subaddress does not use all 32
bits, the unused bits are read as logic 0. 1°C write commands, however, are treated in accordance with the data
assignment for that address space. For example, if a write command is received for a biqguad subaddress, the
TAS3208 expects to see five 32-bit words. If fewer than five data words have been received when a Stop
command (or another Start command) is received, the data received is discarded.

Sequential I°C Transactions

The TAS3208 supports sequential 12C addressing. For write transactions, if a subaddress is issued followed by
data for that subaddress and the 15 subaddresses that follow, a sequential I°C write transaction has taken place,
and the data for all 16 subaddresses is successfully received by the TAS3208. For I°C sequential write
transactions, the subaddress then serves as the start address and the amount of data subsequently transmitted,
before a Stop or Start is transmitted, determines how many subaddresses are written to. As was true for random
addressing, sequential addressing requires that a complete set of data be transmitted. If only a partial set of data
is written to the last subaddress, the data for the last subaddress is discarded. However, all other data written is
accepted; just the incomplete data is discarded.

Sequential read transactions do not have restrictions on outputting only complete subaddress data sets.

If the master does not issue enough data received acknowledges to receive all the data for a given subaddress,
the master device simply does not receive all the data.
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If the master device issues more data received acknowledges than required to receive the data for a given
subaddress, the master device simply receives complete or partial sets of data, depending on how many data
received acknowledges are issued from the subaddress(es) that follow. I1°C read transactions, both sequential
and random, can impose wait states.

For the standard 1°C mode (SCL = 100 kHz), worse-case wait state times for an 8-MHz microprocessor clock is
on the order of 2 ys. Nominal wait state times for the same 8-MHz microprocessor clock is on the order of 1 ps.
For the fast 1°C mode (SCL = 400 kHz) and the same 8-MHz microprocessor clock, worse-case wait state times
can extend up to 10.5 ys in duration. Nominal wait state times for this same case lie in a range from 2 ys to 4.6
us. Increasing the microprocessor clock frequency lowers the wait state times and for the standard I°C mode, a
higher microprocessor clock can totally eliminate the presence of wait states.

For example, increasing the microprocessor clock to 16 MHz results in no wait states. For the fast I12C mode,
higher microprocessor clocks shortens the wait state times encountered, but does not totally eliminate their
presence.

I°C Master-Mode Operation
I2C master-mode operation is enabled following a reset or power-on reset.

The TAS3208 uses the master mode to download from EEPROM the memory contents for:
* Microprogram memory

* Micro extended memory

* DSP program memory

* DSP coefficient memory

+ DSP data memory

The TAS3208, when operating as an 1°C master, can execute a complete download of any internal memory or
any section of any internal memory without requiring any wait states.

When the TAS3208 operates as an 1°C master, it generates a repeated Start without an intervening Stop
command while downloading program and memory DATA from an external EEPROM. When a repeated Start is
sent to the EEPROM in read mode, the EEPROM enters a sequential read mode to quickly transfer large blocks
of data.

Repeat Start Stop
Condition Condition
Start
Condition Not
J Acknowledge Acknowledge Acknowledge Acknowledge Acknowledge ACknOlvledge

J \ N J \
Y Y Y Y Y
I°’C Device Address Sub Address I?C Device Address First Data Byte Other Data Bytes Last Data Byte
and Read/Write Bit and Read/Write Bit

Figure 22. Multiple-Byte Read Transfer

The TAS3208 will query the bus for an I°C EEPROM at an address 1010xxx. The value xxx can be chip selects,
other information, or don’t cares depending on the EEPROM selected.

The first act of the TAS3208 as master will be to transmit a Start condition along with the device address of the
[°C EEPROM, with the read/write bit cleared (0) to indicate a write. The EEPROM acknowledges the address
byte and the TAS3208 sends a subaddress byte, which the EEPROM will acknowledge. Most EEPROMSs have at
least 2-byte addresses and will acknowledge as many as are appropriate. At this point, the EEPROM sends a
last acknowledge and becomes a slave transmitter. The TAS3208 acknowledges each byte repeatedly to
continue reading each data byte that is stored in memory.

The memory load information starts with reading the header and data information that starts at subaddress 0 of
the EEPROM. This information must be stored in a sequential memory addresses with no intervening gaps. The
data block is contiguous blocks of data that immediately follow the headers' locations. The TAS3208 memory
data can be stored and loaded in (almost) any order. Additionally this addressing scheme permits portions of the
TAS3208 internal memories to be loaded.

Copyright © 2007-2011, Texas Instruments Incorporated Submit Documentation Feedback 31
Product Folder Link(s): TAS3208



13 Ti
TAS3208 INSTRUMENTS

SLES201E —JANUARY 2007-REVISED MARCH 2011 www.ti.com

12C EEPROM Memory Map

Block Header 1

Data Block 1

Block Header 2

Data Block 2

Block Header N

Data Block N

Figure 23. EEPROM Address Map

The TAS3208 will sequentially read EEPROM memory and load its internal memory unless it does not find a
valid memory header block, is not able to read the next memory location because the end of memory was
reached, detects a checksum error, or reads a end-of-program header block. When it encounters a valid header
or read error, the TAS3208 will attempt to read the header or memory location three times before it determines
that it has an error. If the TAS3208 encounters a checksum error, it will attempt to reread the entire block of
memory two more times before it determines that it has an error.

NOTE
Once the microprogram memory has been loaded, it can not be reloaded until the
TAS3208 has been reset.

If an error is encountered, the TAS3208 terminates its memory load operation, loads the default configuration for
both the M8051 MCU and DSP from the embedded ROM, and disables further master 1°C bus operations.

If an end-of-program data block is read, the TAS3208 has completed the initial program load.

The I1°C master mode utilizes the starting and ending 1°C checksums to verify a proper EEPROM download. The
first 16-bit data word received from the EEPROM is the I1°C checksum at subaddress 0x00. It is stored and
compared against the 16-bit data word received for last subaddress, the ending 1°C checksum, and the
checksum that is computed during the download. These three values must be equal. If the read and computed
values do not match, the TAS3208 sets the memory read error bits in the Status register and repeats the
download from the EEPROM two more times. If the comparison check again fails the third time, the TAS3208
sets the microprogram to the default value.

NOTE
When acting as an 1°C master, the data rate transfer is fixed at 375 kHz.
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I°C Slave Mode Operation

The I12C slave mode is the mode that is used to change configuration parameters during operation and perform
program and coefficient downloads from a master device. The latter can be used to replace the 1°C master mode
EEPROM download.

The TAS3208 uses the slave mode to load the memory contents for the:

* Microprogram memory

* Micro extended memory

* DSP program memory

* DSP coefficient memory

+ DSP data memory

+ Update coefficient and other control values

* Read status flags

The TAS3208 support both random and sequential I°C transactions. The TAS3208 I°C slave address is
011010X, where the first six bits are the TAS3208 device address and the final one bit is set by the TAS3208
internal microprocessor at power up. The internal microprocessor derives the last bit from an external pin
(CS),which is pulled up or down to create two unique addresses for control of multiple TAS3208 part
applications. The pulldown resistance of CS creates a default 00 address when no connection is made to the pin.

The TAS3208 I2C block does respond to the broadcast address (00h).

NOTE
When acting as an 1°C slave, data-rate transfer is determined by the master device on the
bus. However, the setting of 1°C parameter N at subaddress 0x01 does play a role in
setting the maximum possible data transfer rate. In the 1°C slave mode, bit rates other
than (and including) the 1°C-specific 100-Kbps and 400-Kbps bit rates can be obtained, but
N must always be set so that the oversample clock into the I°C master and slave
controllers is at least a factor of 20 higher in frequency than SCL.

N = 0 is a special case. When N = 0, a mode is enabled that detects 1°C frames and enables the TAS3208 1°C
interface to reset and continue operation after receiving an invalid I°C frame.

Table 9.
I°C Slave Addresses
SLAVE ADDRESS CS
0x68/69
0x6A/6B
Table 10.
I2C Master Addresses
SLAVE ADDRESS CS
OxAO/A1 0
OxA2/A3
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Digital Signal Processor (DSP) Arithmetic Unit

Overview
The arithmetic processor is a fixed-point computational engine consisting of an arithmetic unit and data and
coefficient memory blocks. The primary features are:
« Two pipe parallel processing architecture
— 48-bit data path with 76-bit accumulator
— Hardware single-cycle multiplier (28 x 48)
— Three 48-bit general-purpose data registers
— One 28-bit coefficient register
— 48-bit adder
— 28-bit adder
— Shift right, shift left
— Bimodal clip
— Log2/Alog2
— Magnitude truncation
* Read/read/write single-cycle memory access
+ Data input is 48-bit 2s complement multiplexed in from SAP immediately following FSYNC pulse.
« Data output is four 32-bit 2s-complement buses.
» Separate control for writing to delay memory
* Separate coefficient memory (28 bit) and data memory (48 bit)

» Linear Feedback Shift Register (LFSR) in the instruction register doubles as a random number generator in
normal operating mode.

+ Coefficient RAM, data RAM, LFSR seed, program counter, and memory pointers are all mapped into the
same memory space for convenient addressing by the micro.

* Memory interface block contains four pointers — two for data memory and two for coefficient memory.

Data Format

Figure 24 shows the data word structure of the arithmetic unit. Eight bits of overhead or guard bits are provided
at the upper end of the 48-bit word, and 16 bits of computational precision or noise bits are provided at the lower
end of the 48-bit word. The incoming digital audio words are all positioned with the MSB abutting the 8-bit
overhead/guard boundary. The sign bit in bit 39 indicates that all incoming audio samples are treated as signed
data samples.

The arithmetic engine is a 48-bit (25.23 format) processor consisting of a general-purpose 76-bit arithmetic logic
unit and function-specific arithmetic blocks. Multiply operations (excluding the function-specific arithmetic blocks)
always involve 48-bit words and 28-bit coefficients (usually I2C programmable coefficients). If a group of products
are to be added together, the 76-bit product of each multiplication is applied to a 76-bit adder, where a DSP-like
multiply-accumulate (MAC) operation takes place. Biquad filter computations use the MAC operation to maintain
precision in the intermediate computational stages.

To maximize the linear range of the 76-bit ALU, saturation logic is not used. In MAC computations, intermediate
overflows are permitted, and it is assumed that subsequent terms in the computation flow will correct the
overflow condition.

The memory banks include a dual-port data RAM for storing intermediate results, a coefficient RAM, and a
fixed-program ROM. Only the coefficient RAM, assessable via the I2C bus, is available to the user.
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32 oot |
31 audio -bit
O audio  20-bit
audio 24-bit
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24 | 32-bit

50 audio

S I v

Figure 24. Arithmetic Unit Data Word Structure

8-Bit ALU Operation
(without saturation)

10110111 (-73) -73
+ 11001101 (-51) + -51

10000100 (—124) —124

+ 11010011 (-45) + —45

Rollover —» | 01010111 (57) | -169
+ 00111011 (59) + 59

10010010 (-110) -110

Figure 25. DSP ALU Operation With Intermediate Overflow
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DAP Data Path Data Representation

Input 24-Bit Data D23 D22 --mmmmmmmmem D1 DO
A
8-Bit Headroom 0..0 D23 D22 ------------ D1 DO 0..0
and 16-Bit Noise 47-40 Y 16 15-0
Coefficic_ent 27_03 0D e 0
Representation
4 - ’/’ - "’ ; - S ~a
Scaling|Headroom Data (24-Bits) Fractional Noise
Multiplier | 75 741 70-63 62-39 38-31 | 30-0

Output ‘
5 8 12 12 8 l 31

I

D ~48-Bit Clipping >

POS48L Ox7F_F FFF_FFFF _FF
NEG48 :: 0x80_0 000_0000 _00

I I |

| 32-Bit Clipping !

POS40 % OxXX_ 7FFF_FFFF  _XX !

NEG40 s OxXX_ 8000_0000 _XX }

\‘ |

< 28-Bit Clipping >

POS20= OxXXXXX_ 7FFF_FFF
NEG20 =  OxXXXXX_ 8000_000
Figure 26. DSP Data-Path Data Representation
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24 DATA RAM
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To Output

Figure 27. DSP Data-Path Architecture
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DOO0 DO1 DO2 DO3 DO4 DO5 DO6 DO7 DO8
Inside core
Outside core < i L i

Micro Data Audio_out! Audio_out2 Audio_out3 Audio_out4 Audio_out5 Audio_out6 Audio_out7 Audio_out8

DAC

SDOUTI(L) SDOUTY(R) SDOUTR() SDOUTXR (TDM) SPDIF(L)  SPDIF(R) Ext_mem
(2™ Gen)
Figure 28. DSP Output Register Configuration
DSP
MICRO B "] Coef RAM
48 -bit > (1Kx 28)
Datapath
28 x 48-bit Multiplier
76-bit Accumulator [ >
Internal L, Data RAM
Data RAM < (768 x 48 )
(256 x 8) T Memory B i
——mn—p Interface
External DSP — "] Program RAM
Data RAM > Controller < »| (3.25Kx 55)
(2K x 8) < >
8-bit MCU L, T
(8051 ) ™
Program RAM L, ~ Del
16 Kx 8 Dela
( ) — Memory < Contrzl
(17408 x 24)

A. Memory size K = 1024
Figure 29. DSP, MCU, and Memory Interfaces

Delay Memory

The delay memory interface (DMIF) is the interface block between the DSP core and the delay memory. The
DMIF block’s primary purpose is to keep track of 24 sets of delay memory pointers that are initially set up by the
microcontroller through an 1°C command(s). Eight of the pointers are used to write/retrieve 48-bit data
(full-precision intermediate) and the other 16 for 24-bit data (post quantized). Thus, to support 48-bit word reverb
delay, two RAM locations must be used.
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The key features of the delay memory are:

» 17408 x 24 delay memory locations

» 24 separately addressable pointers

* Programmable Start/Stop address on each pointer

» Pointers capable of accessing 24-bit or 48-bit words

+ Single-port access (one pointer access per access cycle)

* Access cycle < four DSP clocks

» Self clearing — INIT pin used to clear all memory to zero

* Fully synchronous

+ DP1-DP15: 16 24-bit pointers

* RP1-RP8: Eight 48-bit (full precision) pointers

Since all of the pointers are contiguous, it is only necessary to write the address END point. For example, if DP1
is to be a three-sample delay, the register DP1 should be set to 0x003. If RP1 is to be a three-sample delay, the

register RP1 should be set to the value of DP15 + 6. All of the DP16-DP1 and RP8—RP1 registers must be set to
a minimum of a one sample delay (one or two words).

DP1 Start address is defined as 000x0.

DP2 Start address is equal to DP1 end address + 1.
RP1 Start address is equal to DP16 end address + 1.
RP8 Start address is equal to RP7 end address + 2.

Since the Start/Stop address for each pointer is programmable anywhere in the delay RAM's address space, the
delay for any one channel can be anywhere in the delay RAM. There is, however, no address space collision
avoidance logic to separate the pointers. The user (or micro) must take care to avoid overlapping the address
spacing of each pointer.

Pointer register address endpoint registers DP16-DP1 and RP8-RP1 are typically written only during the
initialization (fast load) mode of the device. Writing to these registers while the TAS3208 DSP core is accessing
the pointers may cause the pointers to cross the address space of another pointer.

To write to the delay RAM, the TAS3208 DSP core controller must present the data to be written on the
PT_DATA bus (LSB always in bit zero of the bus), select the pointer to be accessed by driving the PT_SEL pins,
and assert the PT_W?Z pin for a minimum of four clocks. The pointer will not increment until a write has been
performed and the PT_WZ pin has been deasserted.

To perform a read, the PT_OUT bus may be read four clocks after PT_SEL is driven.

DSP Instruction Word

TAS3208 has a 55-bit instruction word. Each instruction has five independent operations, which can load two
operands from data memory and coefficient memory, store the result into data or coefficient memory, and
perform two parallel arithmetic operations.

55-BIT INSTRUCTION

Ext ALU First Stage ALU Second Stage Data Memory Load Coefficient Memory Load Memory Store
0 P10OP P20P MOP1 AD1 MOP2 AD2 MOP3 | AD3
54 53-49 48-42 41-37 3627 2624 23-14 13-10 9-0

Figure 30. Instruction Word

The TAS3208 instruction set is a superset of the TAS3208 instruction set, extending the DSP processing
capabilities for improved efficiency of FIR operations, as well as extending the addressable memory space. The
Ext instruction bit (bit 54) has been added to extend the internal memory address space by one bit, increasing
the memory space from 1K to 2K words.

The superset instruction word maintains backward compatibility with the 54-bit instruction word of the TAS3208
device, since the 54-bit instruction word required dummy storage of two bits in the EEPROM.
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TAS3208 instruction word

bDuM

54-BIT INSTRUCTION

ALU First Stage | ALU Second Stage Data Memory Load | Coefficient Memory Load Memory Store

P10OP P20P MOP1 AD1 MOP2 AD2 MOP3 | AD3
2 5 4 5 10 3 10 4 10
54-55 53-49 48-42 41-37 36-27 26-24 23-14 13-10 9-0

Contains two dummy bits in every instruction word of the EEPROM.
All TAS3208 tool compilers always ZERO to these dummy bits in the compile EEPROM image.

Figure 31. Instruction Word

As shown in Figure 32, the extension bit designates an offset of 1K to all three addresses in the instruction word.
However, it should be noted that both data and coefficient memory addresses above the 1K boundary are

reserved for housekeeping processing tasks. Any attempt to write to these addresses may corrupt the audio
output.

New “Ext’-ended field

i 54-BIT INSTRUCTION
Ext | ALU First Stage | ALU Second Stage Data Memory Load | Coefficient Memory Load Memory Store
0 P10OP P20P MOP1 AD1 MOP2 AD2 MOP3 | AD3
54 53-49 48-42 41-37 36-27 26-24 23-14 13-10 9-0
A A A

Extension bit designates offset of 1K to these
address references for LD/ST operations

Figure 32. Instruction Word Extension Field
DSP Instruction Set

Please see the TASxxx Programmer’s Guide for detailed information regarding programming of this device.
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ABSOLUTE MAXIMUM RATINGS®

MIN MAX | UNIT
DVDD Supply voltage range -0.5 3.8 \%
AVDD Supply voltage range -0.5 3.8 \%
3.3-VTTL -0.5 VDDS + 0.5
V| Input voltage range 3.3-V analog -0.5 AVDDS + 0.5 \%
1.8-V LVCMOS -0.5 AVDD® + 0.5
3.3-VTTL -0.5 VDDS + 0.5
Vo Output voltage range 3.3-V analog -0.5 AVDDS + 0.5 v
-0.5 DvDD® + 0.5
1.8-V LVCMOS
-0.5 AVDD® + 0.5
Ik Input clamp current V|, <0 orV,>DVDD) 120 mA
lok Output clamp current Vo <0orVg>DVDD +20 mA
Tstg Storage temperature range —65 150 °C
Lead temperature 1.6 mm (1/16 in) from case for 10 s 260 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) AVDD is an internal 1.8-V supply derived from a regulator in the TAS3208 chip. Pin XTALI is the only TAS3208 input that is referenced
to this 1.8-V logic supply. The absolute maximum rating listed is for reference; only a crystal should be connected to XTALI.

(3) DVDD is an internal 1.8-V supply derived from regulators in the TAS3208 chip. DVDD is routed to DVDD_BYPASS_CAP to provide
access to external filter capacitors, but should not be used to source power to external devices.

(4) Pin XTALO is the only TAS3208 output that is derived from the internal 1.8-V logic supply AVDD. The absolute maximum rating listed is
for reference; only a crystal should be connected to XTALO. AVDD is also routed to AVDD_BYPASS_CAP to provide access to external
filter capacitors, but should not be used to source power to external devices.

PACKAGE DISSIPATION RATINGS® @
PACKAGE Ta < 25°C POWER RATING DERATING FACTOR ABOVE T = 25°C Ta =70°C POWER RATING
TQFP — PZP 2.78 W 28.7°C/W 1.22 W

(1) High-K Board, 105°C junction
(2) Refer to the application report PowerPAD ™ Thermally Enhanced Package (literature number SLMA002)

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX| UNIT
DVDD Digital supply voltage 3 3.3 3.6 \%
AVDD Analog supply voltage 3.3-V analog 3 3.3 3.6 \%
. . 3.3-VTTL

Viy High-level input voltage \%
1.8-V LVCMOS (XTL_IN) 1.26 1.95
. 3.3-VTTL 0.8

Vi Low-level input voltage \
1.8-V LVCMOS (XTL_IN) 0.54

Ta Operating ambient air temperature (ensuring parametric) -20 25 70 °C

T; Operating junction temperature -20 105 °C
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AUDIO SPECIFICATIONS — CHANNEL (INPUT TO OUTPUT)

T, =25°C, AVDD = 3.3V, DVDD = 3.3V, Fs (audio) = 48 kHz, clock source from XTALI, AES17 filter, second-order 30-kHz
low-pass filter (unless otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX UNIT
Overall dynamic A-in - ADC — DSP — DAC — Lineout A: WTD 87 92 dB
range A-in - MUX — Lineout A-WTD 95 98

AUDIO SPECIFICATIONS — DIGITAL FILTERS

T, =25°C, AVDD =3.3V, DVDD = 3.3V, Fs (audio) = 48 kHz, clock source from XTALI, AES17 filter, second-order 30-kHz
low-pass filter (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
ADC Decimation Filter, Fs = 48 kHz
Filter gain from O Fs to 0.39 Fs 0.1 dB
Filter gain at 0.4125 Fs -0.25 dB
Filter gain at 0.45 Fs -3 dB
Filter gain at 0.5 Fs -17.5 dB
Filter gain from 0.55 Fs to 64 Fs -75 dB
Filter group delay 17/Fs S
DAC Interpolation Filter, Fs = 48 kHz
Pass band 20 0.45 x Fs Hz
Pass-band ripple +0.06 dB
Transition band 0.45 x Fs 0.5501 x Fs Hz
Stop band 0.5501 x Fs 7.455 x Fs kHz
Stop-band attenuation -65 dB
Filter group delay 21/Fs S
42 Submit Documentation Feedback Copyright © 2007-2011, Texas Instruments Incorporated

Product Folder Link(s): TAS3208



13 TEXAS
INSTRUMENTS

www.ti.com

TAS3208

SLES201E —JANUARY 2007 -REVISED MARCH 2011

ELECTRICAL SPECIFICATIONS — ANALOG SECTIONS®

T, =25°C, AVDD = 3.3V, DVDD = 3.3V, Fs (audio) = 48 kHz, clock source from XTALI, AES17 filter, second-order 30-kHz
low-pass filter (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Stereo MUX Input/ADC Channel 1-kHz sine-wave input
Full-scale input voltage (0 dB) 1 1.15| Vrms
Input common-mode voltage Over recommended operating conditions 1.43 15 1.57 \%
DNR —60-dB full-scale input applied at line inputs, A-weighted 90 93 dBA
THD + N 1-kHz, —4-dB full-scale input -75 -80 dB
PSRR 1 kHz, 100 mVpp on AVDD 51 57 dB
Channel separation 1 kHz -80 -90 dB
Input resistance 146 18.33 22 kQ
Input capacitance 10 pF
DAC Channel/DAC Output 1-kHz sine-wave input, Load = 10 kQ, 10 pF
Full-scale output voltage (0 dB) 0.81 0.9 Vrms
Gain error -10 10 %
Output common mode Over recommended operating conditions 1.43 15 1.57 \%
DNR —60-dB full-scale input applied at line inputs, A-weighted 95 97 dBA
THD + N —1-dBFS input, 0-dB gain -80 -90 dB
PSRR 1 kHz, 100 mVpp on AVDD, Vgnp powered down 50 56 dB
Load capacitance pF
Load resistance 10 kQ
Channel separation -81 -84 dB

1-kHz sine-wave input, Load = 16 Q,
DAC Channel/ Headphone Output External series resistance = 16 Q,
Coupling capacitance = 47 uF

Full-scale output voltage (0 dB) 0.72 0.9 Vrms
DNR —60-dB full-scale input applied at Line inputs, A-weighted 80 20 dBA
THD + N 0-dBFS input, 0-dB gain -50 -60 dB
PSRR 1 kHz, 100 mVpp on AVDD , Vgnp powered down 48 54 dB
Maximum output power ® 24 mw
Load capacitance 100 pF
Load resistance 16 Q
Channel separation -70 -80 dB

(1) When the TAS3208 is operated in slave mode, the internal analog clocks for ADC and DAC are derived from external MCLKIN input. In
this case, the analog performance will depend on MCLKIN quality (i.e., jitter, phase noise, etc.).
(2) 16-Q series resistor required in L and R headphone outputs for short-circuit protection.
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ELECTRICAL SPECIFICATIONS — ANALOG SECTIONS® (continued)

T, =25°C, AVDD = 3.3V, DVDD = 3.3V, Fs (audio) = 48 kHz, clock source from XTALI, AES17 filter, second-order 30-kHz
low-pass filter (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
DAC Channel/Headphone Output 1-kHz sine-wave input, Load = 10 kQ, 10 pF
Full-scale output voltage (0 dB) 0.81 0.9 Vrms
DNR —60-dB full-scale input applied at line inputs, A-weighted 80 20 dBA
THD + N 0-dBFS input, 0-dB gain —70 -82 dB
PSRR 1 kHz, 100 mVpp on AVDD, Vgnp powered down 48 54 dB
Channel separation -70 -80 dB
Analog Mux in Bypass Mode 1-kHz sine-wave input, Load = 10 kQ, 10 pF
Mux switching noise LINEIN inputs floating -20 20 mV
Full-scale input voltage (0 dB) 1 1.15| Vrms
Input common-mode voltage 1.43 15 1.57 \%
Load capacitance 20 pF
Load resistance 10 kQ
Channel separation Between Lch ar.1d R.ch -80 dB
Between each line input -80 dB
Full-scale output voltage (0 dB) 0.9 1 1.1| Vrms
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ELECTRICAL CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
) 3.3V TTL lon = —4 MA 2.4
Vou High-level output voltage \%
1.8-V LVCMOS (XTL_OUT) loy =—0.55 mA 1.44
3.3-VTTL loL =4 mA 0.5
VoL Low-level output voltage \
1.8-V LVCMOS (XTL_OUT) loL = 0.75 mA 0.396
loz High-impedance output current | 3.3-V TTL 20| pA
) L 1.8-V LVCMOS (XTL_IN) +1
I Low-level input current® V)=V pA
3.3-VTTL 1
) ) ) 1.8-V LVCMOS (XTL_IN) +1
Iy High-level input current® V)= Viy pA
3.3-VTTL 1
DSP clock = 135 MHz,
Ibvobp Digital supply current LRCLKIN/LRCLKOUT = 48 KHz, 200 mA
XTALI = 24.288 MHz
DSP clock = 135 MHz,
lavDD Analog supply current LRCLKIN/LRCLKOUT = 48 KHz, 28| mA
XTALI = 24.288 MHz
Iovop Digital supply current RESET = LOW 0.1| mA
IavbD Analog supply current RESET = LOW 5| mA

(1) Value given is for those input pins that connect to an internal pullup resistor, as well as an input buffer. For inputs that have a pulldown
resistor or no resistor, I, = +1 pA.

(2) Value given is for those input pins that connect to an internal pulldown resistor, as well as an input buffer. For inputs that have a pullup
resistor or no resistor, Iy =+ 1 pA.

TIMING REQUIREMENTS — MASTER CLOCK SIGNALS

over recommended operating conditions (see Figure 33)

MIN TYP MAX UNIT
fxraLl XTALI frequency (1/ teyey)® (52142.5':756; MHz
toyel XTALI cycle time® 1/(512 Fs) ns
fmeLKIN MCLKIN frequency (1/ teyco) 256 Fs MHz
tWMCLKIN MCLKIN pulse duration® 0.4 X toyeo 06Xtyey| NS
fucLkouT MCLKOUT frequency(1/ teyca) 256 Fs MHz
trmcLkouT MCLKOUT rise time C_=30pF 10 ns
thucLkout MCLKOUT fall time CL=30pF 10 s
tWyicLkouT MCLKOUT pulse duration® 0.4 % teye3 0.6 X toyes ns

MCLKOUT jitter XTALI master clock source 80 ps
tdwivo EAecli)r/(gTﬁ riNSI%K:;gZSi(QP edge to MCLKOUT = MCLKIN 17| ns

(1) Frequency tolerance is +100 ppm (or better) at 25°C.

() teyer = 1/ fXgaL

() teyer = 1/ fmcrkin

(#)  teyes = 1 fucLkout

(5) When MCLKOUT is derived from MCLKIN, MCLKOUT jitter = MCLKIN jitter. MCLKOUT has the same duty cycle as MCLKIN when
MCLKOUT = MCLKIN.

TIMING REQUIREMENTS — RESET
with respect to DVDD power good (see Figure 34)

MIN  MAX UNIT
thgw(L) Minimum pulse duration, RESET low following DVDD = 3.3 V 100 ms
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TIMING REQUIREMENTS — RESET

control signal parameters over recommended operating conditions (unless otherwise noted) (see Figure 35)

MIN TYP MAX UNIT
troMSTATE Time to outputs inactive 100 us
tWReSET Pulse duration, RESET active 200 ns
tremstate  Time to enable 1°C <50 ms

TIMING REQUIREMENTS — SERIAL AUDIO PORT SLAVE MODE
over recommended operating conditions (unless otherwise noted) (see Figure 36)

MIN TYP MAX UNIT
fLrRcLK Frequency, LRCLKIN (FS) 32 48 kHz
tWscikn  Pulse duration, SCLKIN high® 0.4 % teye 0.6 X toye ns
fscLkin Frequency, SCLKIN 64 Fs MHz
toye Cycle time, SCLKIN® 1/64 Fs ns
tha1 Propagation delay, SCLKIN falling edge to SDOUT 16 ns
tsu1 Setup time, LRCLK to SCLKIN rising edge 10 ns
thy Hold time, LRCLK from SCLKIN rising edge 5 ns
tsu2 Setup time, SDIN to SCLKIN rising edge 10 ns
tho Hold time, SDIN from SCLKIN rising edge 5 ns
toaz grlﬁr?g%eggoen delay, SCLKIN falling edge to SCLKOUT SCLKOUT = SCLKIN 15 ns
(1) teye = Vfscrrin

TIMING REQUIREMENTS — SERIAL AUDIO PORT MASTER MODE
over recommended operating conditions (unless otherwise noted) (see Figure 37)
MIN TYP  MAX| UNIT
fLRcLK Frequency, LRCLKOUT 48 kHz
trLRCLK Rise time, LRCLKOUT C_ =30 pF 12 ns
tf rRcLK Fall time, LRCLKOUT C_ =30 pF 12 ns
fscLKouT Frequency, SCLKOUT® 64 Fs MHz
trscLkouT Rise time, SCLKOUT C_ =30 pF 12 ns
tfscLkouT Fall time, SCLKOUT C_ =30 pF 12 ns
tpd1 Propagation delay, SCLKOUT falling edge to LRCLKOUT edge ns
tpd2 Propagation delay, SCLKOUT falling edge to SDOUT1-2 ns
tsu Setup time, SDIN to SCLKOUT rising edge 25 ns
th Hold time, SDIN from SCLKOUT rising edge 30 ns
(1) Typical duty cycle is 50/50.
TIMING CHARACTERISTICS — SPDIF INTERFACE
PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
Fs Encoded data sampling rate 32 48 kHz
Rspdif SPDIF signal bit rate 128 Fs MHz
ul Unit interval 1/Rspdit ns
To/Thi Low/high periods 1Ul 3Uul ns
VoH High-level output voltage 3.3-VTTL, loy =-4 mA 24 Y
VoL Low-level output voltage 3.3-VTTL, lo. =4 mA 0.5 Y
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I’C INTERFACE AND I/O CHARACTERISTICS OF SDA AND SCL BUS LINES FOR
STANDARD-MODE AND FAST-MODE I°C BUS DEVICES

See Figure 38

STANDARD MODE FAST MODE UNIT
MIN MAX MIN MAX
fscL SCL clock frequency 0 100 0 4000 | KkHz
t Hold time, (repeated) Start condition. After this period, the 4 0.6 s
HD:STA first clock pulse is generated. : H
tLow LOW period of SCL clock 4.7 1.3 us
tHIgy HIGH period of SCL clock 4 0.6 us
tsu:sTA Setup time, repeated Start condition 4.7 0.6 us
tsu:DAT Data setup time 250 100@ ns
t, Rise time, both SDA and SCL signals 1000 20+0.1xC, ® 300 ns
t Fall time, both SDA and SCL signals 300| 20+0.1xC,® 300 ns
tsu:sTO Setup time, Stop condition 0.6 us
tBuF Bus free time between Stop and Start condition 4.7 1.3 us
Cp Capacitive load for each bus line 400 400 pF
Noise margin at LOW level for each connected device
Vi (including hysteresis) 0.1xVop 0.1xVop v
Noise margin at HIGH level for each connected device
ViH (including hysteresis) 0.2 % Vop 0.2 % Vop v
Vhys Hysteresis of Schmitt-trigger inputs 0.05 x Vpp \%
tep _Pulse Wldth of spikes that must be suppressed by the 0 50 ns
input filter
) Input current each 1/O pin with an input voltage _ 0@ @)
l between 0.1 x Vpp and 0.9 x Vpp max 10 10 10 10 KA
Ci Capacitance for each /O pin 10 10 pF
Output fall time from V\ymin to V| max, with a bus ®) ® )
Lot capacitance from 10 pF to 400 pF 250 7+01xGp 250 ns
(1) In Master mode, the maximum I2C clock rate is 375 kHz.

(2) A Fast-mode I°C bus device can be used in a Standard-mode 12C bus system, but the requirement tsu:paT 2 250 ns must then be met.
This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the
LOW period of the SCL signal, it must output the next data bit to the SDA line.

(3) Cp, = Total capacitance of one bus line in pF

(4) /O pins of Fast-mode devices must not obstruct the SDA and SCL lines if Vpp is switched off.
(5) The maximum t; for the SDA and SCL bus lines (300 ns) is longer than the specified maximum tof for the output stages (250 ns). This
allows series protection resistors (Rs) to be connected between the SDA/SCL pins and the SDA/SCL bus lines, without exceeding the

maximum specified t;.
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PARAMETER MEASUREMENT INFORMATION
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Figure 33. Master Clock Signals Timing
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PARAMETER MEASUREMENT INFORMATION (continued)
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Figure 36. Serial Audio Port Slave-Mode Timing
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Figure 37. Serial Audio Port Master-Mode Timing
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PARAMETER MEASUREMENT INFORMATION (continued)
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Figure 38. 1°C SCL and SDA Timing

Master 1°C Load RAM Block Formats

This section describes the format of the data that is stored in an external memory device and downloaded to the
TAS3208 via the master 1°C bus.

Master 1°C Memory Block Header

Table 11. 1 Memory Block Header

STARTING

BYTE DATA BLOCK FORMAT SIZE NOTES

Checksum MSB
0 2 bytes Checksum of byte 2 through N + 12
Checksum LSB

Header ID byte 1 = 0x00
2 2 bytes Must be 0x001F
Header ID byte 2 = Ox1F

0x00: Microprogram RAM or termination header
0x01: Micro external data RAM
0x02: DSP program RAM

4 Memory to be loaded 1 byte 0x03 : DSP coefficient RAM
0x04: DSP data RAM
0x05-0x0F: Reserved
5 0x00 1 byte Unused
Start memory address MSB o o . .
6 2 bytes If this is a termination header, this value is 0000.
Start memory address LSB
8 Total number of byte transferred MSB 2 bytes Header size (12) + data byte + last checksum byte. If this is
Total number of byte transferred LSB Y a termination header, this value is 0000.
10 0x00 1 byte Unused
11 0x00 1 byte Unused
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Master 1°C Download Memory Block Structure

Table 12. 1 M8051 MCU Program RAM and External Data RAM Block Structure

STQ?.-II.—:ENG DATA BLOCK FORMAT SIZE VALUE NOTES
Checksum MSB
0 2 bytes Checksum of byte 2 through N + 12
Checksum LSB
Header ID byte 1 0x00
2 2 bytes Must be Ox001F
Header ID byte 2 Ox1F
4 Memory to be loaded 1 byte 0x00 or 0x01 gﬂ; program RAM or micro external data
5 0x00 1 byte 0x00 Unused
Start memory address MSB If this is a termination header, this value is
6 2 bytes
Start memory address LSB 0000
Total number of byte transferred MSB
8 2 bytes Header (12) + data (N) + checksum (4)
Total number of byte transferred LSB
10 0x00 1 byte 0x00 Unused
11 0x00 1 byte 0x00 Unused
Data byte 1 (LSB)
Data byte 2 .
12 4 bytes 1-4 microprocessor byte
Data byte 3
Data byte 4 (MSB)
Data byte 5 (LSB)
Data byte 6 .
16 4 bytes 5-8 microprocessor byte
Data byte 7
Data byte 8 (MSB)
0x00
0x00
N+ 12 4 bytes Repeated checksum byte 2 through N +11
Checksum MSB
Checksum LSB
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Table 13. DSP Program RAM Block Structure

STARTING DATA BLOCK FORMAT SIZE VALUE NOTES

0 Checksum MSB 2 bytes Checksum of byte 2 through N + 12
Checksum LSB
Header ID byte 1 0x00

2 2 bytes Must be 0x001F
Header ID byte 2 Ox1F
Memory to be loaded 1 byte 0x02 Microprogram RAM or micro external data RAM
0x00 1 byte 0x00 Unused
Start memory address MSB o o ) )

6 2 bytes If this is a termination header, this value is 0000.
Start memory address LSB
Total number of byte transferred MSB

8 2 bytes Header (12) + data (N) + checksum (4)
Total number of byte transferred LSB

10 0x00 1 byte 0x00 Unused

11 0x00 1 byte 0x00 Unused
Program byte 1 (LSB) Program word 1 D7-DO
Program byte 2 D15-D8
Program byte 3 D23-D16

12 Program byte 4 7 bytes D31-D24
Program byte 5 D39-D32
Program byte 6 D47-D40
Program byte 7 (MSB) D55-D48
Program byte 8 (LSB)
Program byte 9
Program byte 10

19 Program byte 11 7 bytes Program word 2
Program byte 12
Program byte 13
Program byte 14 (MSB)
0x00
0x00
0x00

N+ 12 0x00 7 bytes Repeated checksum byte 2 through N +11

0x00
Checksum MSB
Checksum LSB
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Table 14. DSP Coefficient RAM Block Structure

STARTING DATA BLOCK FORMAT SIZE | VALUE NOTES

Checksum MSB

0 2 bytes Checksum of byte 2 through N + 12
Checksum LSB
Header ID byte 1 0x00

2 2 bytes Must be 0x001F
Header ID byte 2 Ox1F
Memory to be loaded 1 byte 0x03 Microprogram RAM or micro external data RAM
0x00 1 byte 0x00 Unused
Start memory address MSB . L . .

6 2 bytes If this is a termination header, this value is 0000.
Start memory address LSB
Total number of byte transferred MSB

8 2 bytes Header (12) + data (N) + checksum (4)
Total number of byte transferred LSB

10 0x00 1 byte 0x00 Unused

11 0x00 1 byte 0x00 Unused
Data byte 1 (LSB) Coefficient word 1 D7-DO
Data byte 2 D15-D8

12 4 bytes
Data byte 3 D23-D16
Data byte 4 (MSB) D31-D24
Data byte 5 (LSB)
Data byte 6 »

16 4 bytes Coefficient word 2
Data byte 7
Data byte 8 (MSB)
0x00
0x00

N+ 12 4 bytes Repeated checksum byte 2 through N +11

Checksum MSB
Checksum LSB
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Table 15. DSP Data RAM Block Structure

STARTING DATA BLOCK FORMAT SIZE VALUE NOTES

Checksum MSB

0 2 bytes Checksum of byte 2 through N + 12
Checksum LSB
Header ID byte 1 0x00

2 2 bytes Must be 0x001F
Header ID byte 2 Ox1F
Memory to be loaded 1 byte 0x04 Microprogram RAM or micro external data RAM
0x00 1 byte 0x00 Unused
Start memory address MSB o o ) )

6 2 bytes If this is a termination header, this value is 0000.
Start memory address LSB
Total number of byte transferred MSB

8 2 bytes Header (12) + data (N) + checksum (4)
Total number of byte transferred LSB

10 0x00 1 byte 0x00 Unused

11 0x00 1 byte 0x00 Unused
Data byte 1 (LSB) Data word 1 D7-D0O
Data byte 2 D15-D8
Data byte 3 D23-D16

12 6 bytes
Data byte 4 (MSB) D31-D24
Data byte 5 D39-D32
Data byte 6 (MSB) D47-D40
Data byte 7 (LSB)
Data byte 8
Data byte 9

18 6 bytes Data word 2
Data byte 10
Data byte 11
Data byte 12 (MSB)
0x00
0x00

N+ 12 6 bytes Repeated checksum byte 2 through N +11

Checksum MSB
Checksum LSB

Slave I1°C Load RAM Block Formats

The slave 1°C bus permits the system controller to load the TAS3208 memories as an alternative to using the
master download from an external memory device via the I°C master bus. The transfer is performed by writing to
two I°C registers (0x04 and 0x05). The first register holds the header information, and the second register holds
eight bytes of data. Figure 39 shows the I°C slave download flow.

I>’C slave download register format are described in Table 16 to Table 20. The I°C slave download process is
terminated when a termination header with zero-length byte count field is received.
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Figure 39. 1°C Slave Download Flow
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Table 16. M8051 Microcontroller Program RAM and External Data RAM Block Structure®

REGISTER

BYTE

DATA BLOCK FORMAT

CALC
CHECKSUM

TOTAL
NO. BYTES

NOTE

Control
0x04

Checksum MSB

Checksum LSB

Memory to be loaded 0x00 or Ox01

0x00

Start memory address MSB

Start memory address LSB

Total number of byte transferred MSB

O INO|O A~ IWIN|F

Total number of byte transferred LSB

Data
0x05

Datum 1 D7-DO

Datum 2 D7-DO

Datum 3 D7-DO0

Datum 4D7-DO0O

Datum 5 D7-DO

Datum 6 D7-DO0O

Datum 7 D7-DO

O IN|O|a|r~|W|IN|F

Datum 8 D7-DO0

Data
0x05

Datum 9 D7-DO

Datum 10 D7-DO0O

Datum 11D7-D0O

Datum 12 D7-DO0O

Datum 13 D7-DO0O

Datum 14 D7-DO0O

Datum 15 D7-DO0O

O INO|O|A~IWIN|F

Datum 16 D7-DO0O

Data
0x05

Datum N-3 D7-DO0

Datum N-2 D7-DO0

Datum N-1 D7-DO0

Datum N D7-DO

If the last data register datum is less
than 6 byte, zero data should be
filled.

0x00

0x00

Should be zero

Checksum MSB

O INO|O|A~IWIN|F

Checksum LSB

End checksum is always located
here.

(1) Shades cells indicate the values included in the checksum/total number of bytes calculation.
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Table 17. DSP Program RAM Block Structure®

CALC TOTAL
CHECKSUM | NO. BYTES

REGISTER BYTE DATA BLOCK FORMAT NOTE

Checksum MSB

Checksum LSB

Memory to be loaded 0x02
0x00

Start memory address MSB

Control
0x04

Start memory address LSB

Total number of byte transferred MSB

O IN|O |0~ IWIN |

Total number of byte transferred LSB

0x00
D55-D48
D47-D40
D39-D32
D31-D24
D23-D16
D15-D8
D7-D0O

Data
0x05

Program word 1

O IN|O|O |~ |W|N|F

0x00
D55-D48
D47-D40
D39-D32
D31-D24
D23-D16
D15-D8
D7-DO

Data
0x05

Program word 2

O IN|O |0~ IWIN |

0x00
0x00
0x00
0x00
0x00
0x00
Checksum MSB
Checksum LSB

Should be zero
Data
0x05

End checksum is always located here.

O IN|O |0~ IWIN |

(1) Shades cells indicate the values included in the checksum/total number of bytes calculation.
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Table 18. DSP Coefficient RAM Block Structure®

CALC TOTAL
REGISTER BYTE DATA BLOCK FORMAT CHECKSUM | NO. BYTES NOTE

Checksum MSB

Checksum LSB

Memory to be loaded 0x03
0x00

Start memory address MSB

Control
0x04

Start memory address LSB

Total number of byte transferred MSB

O IN|O |0~ IWIN |

Total number of byte transferred LSB

D31-D24
D23-D16
D15-D8
D7-D0O
D31-D24
D23-D16
D15-D8
D7-D0O

Coefficient word 1

Data
0x05

Coefficient word 2

O IN|O|O |~ |W|N|F

D31-D24
D23-D16
D15-D8
D7-D0O
D31-D24
D23-D16
D15-D8
D7-DO

Coefficient word 3

Data
0x05

Coefficient word 4

O IN|O |0~ IWIN |

D31-D24
D23-D16
D15-D8
D7-D0O
0x00
0x00

Checksum MSB End checksum is always located
Checksum LSB here.

Coefficient word N or zero

Data
0x05

Should be zero

O IN|O |0~ IWIN |

(1) Shades cells indicate the values included in the checksum/total number of bytes calculation.

58 Submit Documentation Feedback Copyright © 2007-2011, Texas Instruments Incorporated
Product Folder Link(s): TAS3208



13 Ti
IIEI)S(’?IEUMENTS TAS3208

www.ti.com SLES201E —JANUARY 2007—-REVISED MARCH 2011

Table 19. DSP Data Block Structure®

CALC TOTAL
REGISTER BYTE DATA BLOCK FORMAT CHECKSUM | NO. BYTES NOTE

Checksum MSB

Checksum LSB

Memory to be loaded 0x04
0x00

Start memory address MSB

Control
0x04

Start memory address LSB

Total number of byte transferred MSB

0Nl W NP

Total number of byte transferred LSB

0x00
0x00
D47-D40
D39-D32

Coefficient word 1

Data

0x05 D31-D24

D23-D16
D15-D8
D7-D0O

Coefficient word 2

(N[O |~ [W[IN|F

0x00
0x00
D47-D40
D39-D32

Coefficient word 3

Data

0x05 D31-D24

D23-D16
D15-D8
D7-D0O

Coefficient word 4

0Nl W NP

0x00
0x00
0x00
0x00
0x00
0x00

Should be zero
Data
0x05

N[OOI~ WIN|F

Checksum MSB End checksum is always located
Checksum LSB here.

[oe]

(1) Shades cells indicate the values included in the checksum/total number of bytes calculation.
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Table 20. Termination Header Block Structure®

CALC TOTAL
REGISTER BYTE DATA BLOCK FORMAT CHECKSUM | NO. BYTES NOTE
1 Checksum MSB 00
2 Checksum LSB 00
3 Memory to be loaded 00
Control 4 0x00 00
0x04 5 Start memory address MSB 00
6 Start memory address LSB 00
7 Total number of byte transferred MSB 00
8 Total number of byte transferred LSB 00
(1) Shades cells indicate the values included in the checksum/total number of bytes calculation.
I)C Register Map
The 1°C register map for ROM advanced code is described in Table 21.
Table 21. I°C Register Map®
SUB REGISTER BYTES CONTENTS DEFAULT VALUE
ADDRESS
0x00 SAP/Clock Setting See SAP/Clock Setting Register
0x01 I’C M and N u(31:24), u(23:16), u(15:8), u(7)M(6:3)N(2:0) 0x00, 0x00, 0x00, 0x00
. 0x00, 0x00, 0x00, 0x00
0x02 Status 8 See Status Register 0x00. 0X00. 0X00, 0X00
0x03 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
. 0x00, 0x00, 0x00, 0x00
2, ) ) )
0x04 1°C RAM Load Control 8 See 12C RAM Load Control Register 0X00, 0X00, 0X00, 0X00
. 0x00, 0x00, 0x00, 0x00
2 1 1 )
0x05 12C RAM Load Data 8 See 12C RAM Load Data Register 0X00, 0x00, 0X00, 0X00
0x06 PEEK/POKE Control 4 See PEEK/POKE Control Register 0x00, 0x00, 0x00, 0x00
: 0x00, 0x00, 0x00, 0x00
0x07 PEEK/POKE Data 8 See PEEK/POKE Data Register 0x00. 0X00. 0X00. 0X00
0x08 Silicon Version 4 ver(31:24), ver(23:16), ver(15:8), ver(7:0) 0x00, 0x00, 0x00, 0x02
0x09 Mute Control 4 See Mute Control Register 0x00, 0x00, 0x00, 0x00
0x0a Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x0b Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x0c GPIO Control 4 See GPIO Control Register 0x00, 0x00, 0x00, 0x00
0x0d Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x0e Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0xof Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x10 Powerdown Control 4 See Powerdown Control Register 0x00, 0x00, 0x00, 0x00
0x11 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x12 A-MUX Control 4 See A-MUX Control Register 0x00, 0x00, 0x00, 0x00
0x13 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x14 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x15 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00

(1) Shades cells indicate common to basic and advanced modes. Unshaded cells indicate advanced mode only.
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Table 21. I°C Register Map® (continued)

ADSDLFJ(‘ZSS REGISTER BYTES CONTENTS DEFAULT VALUE
0x16 SPDIF Control 4 See SPDIF Control Register 0x00, 0x00, 0x00, 0x00
0x17 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x18 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x19 Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
Oxla Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x1b Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
oxlc Reserved 8 u(31:24), u(23:16), u(15:8), u(7:0) o O e 35
Ox1d DC Dither 4 See DC Dither Register 0x00, 0x00, 0x00, 0x01
Oxle DSP Program Start Address 4 See DSP Program Start Address Register 0x00, 0x00, 0x00, 0x00
Oox1f Reserved 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x20 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x21 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x22 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x23 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x24 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x25 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x26 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x27 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x28 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x29 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x2a Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x2b Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x2c Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
ox2d Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x2e Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
ox2f Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x30 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x31 Unused 4 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x32 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x33 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x34 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x35 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x36 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x37 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x38 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x39 Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x3a Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x3b Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x3c Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
0x3d Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
Oxfe Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
Oxff Unused 16 u(31:24), u(23:16), u(15:8), u(7:0) 0x00, 0x00, 0x00, 0x00
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SAP/Clock Setting Register (0x00)

The SAP/Clock Setting register is used to configure the device as a clock master/slave, as well as specify the
desired format of the digital audio ports. This register is four bytes in length.

Table 22. SAP/Clock Setting Register

BIT | 31 30 29 28 27 26 25 24 DESCRIPTION
0 0 0 0 0 0 0 Unused
CM/S Clock master/slave select
BIT | 23 22 21 20 19 18 17 16
Unused
ON SAP output normalization
BIT | 15 14 13 12 11 10 9 8
0 Unused
Oow1l | OW0 Digital audio output word size
0 0 Unused
w1l | IW0 Digital audio input word size
BIT | 7 6 5 4 3 2 1 0
Unused
OM1 | OMO Digital audio output format
0 0 Unused
IM1 | IMO Digital audio input format

Table 23. Clock Master/Slave Select®

CLOCK MASTER/SLAVE SELECT CMS
Master 1
Slave 0

(1) Default values are shown in italics.

Table 24. Digital Audio Port Normalization®

DIGITAL AUDIO PORT NORMALIZATION ON
Enable
Disable 0

(1) Default values are shown in italics.

Bits 9-8 (IW1 and IWO0) define the data word size for the input SAP. Bits 13-12 (OW1 and OWO0) define the data
word size for the output SAP.

Table 25. Audio Data Word Size®

DIGITAL AUDIO I/O WORD SIZE IW1/0W1 IW0/OWO0
16 bit 0 0
20 bit 0 1
24 bit 1 0
- 1 1

(1) Default values are shown in italics.
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Table 26. Audio Data Format®

DIGITAL AUDIO I/O FORMAT IM1/OM1 IMO/OMO
Left-justified 0 0
Right-justified 0 1
1’s 1 0
- 1 1

(1) Default values are shown in italics.

Status Register (0x02)

The Status register provide memory load information. When a memory load error for a particular memory occurs,
the memory load error bit for that memory is set to 1. When a memory load is successful for a particular memory,
the memory load error bit for that memory is set to 0. The host must check this load status after memory load.
The host can clear all load error status by writing 0 to bits D40-D32 of this register.

Table 27. Status Register

BIT | 63 62 61 | 60 | 59 | 58 57 56 DESCRIPTION
0 0 0 0 0 0 0 0 Reserved
BIT| 55 54 53 | 52 | 51 | 50 49 48
0 0 0 0 0 0 0 Reserved
BIT | 47 46 45 | 44 | 43 | 42 41 40
0 0 0 0 0 0 0 0 Unsused
BIT| 39 38 37 | 36 | 35 | 34 33 32
X X X X X X X 1 M8051 program memory load error
X X X X X X 1 X M8051 external memory load error
X X X X X 1 X X DSP program memory load error
X X X X 1 X X X DSP coefficient memory load error
X X X 1 X X X X DSP data memory load error
X 1 X X X X X X Invalid memory select
1 X X X X X X X End of load header error
1 1 1 1 1 1 1 1 No EEPROM
0 0 0 0 0 0 0 0 No error
BIT| 31 30 29 | 28 | 27 | 26 25 24
0 0 0 0 0 0 0 Reserved
BIT| 23 22 21 | 20 19 18 17 16
0 0 0 0 0 0 0 Reserved
BIT| 15 14 13 12 11 10 8
Reserved
BIT| 7 6 5 4 3 2 1 0
Reserved
ABSY Analog busy flag
0 Reserved
0 Reserved
0 Reserved
0 Reserved
BUSE I°C bus error
0 Reserved

Bits 40-32 define the memory load error status on EEPROM download and slave download.
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Table 28. Analog Busy®

ANALOG BUSY FLAG ABSY
Analog is busy 1
Analog not busy 0

(1) Default values are shown in italics.

Analog control sequence takes time (maximum approximately 500 ms for headphone power up). This busy flag
indicates whether the analog control sequence is running or not.

Table 29. I°C Bus Error®

I2C BUS ERROR BUSE
Bus error 1
No bus error 0

(1) Default values are shown in italics.

If an I2C bus error occurs, this flag will be set. Only the host microcontroller can clear this flag by writing 0 to this
bit. 1°C bus error status is read from ESFR 0xC5, bit 6, and is cleared by ESFR 0xC7, bit 6.

I°C RAM Load Control and Data Registers (0x04 and 0x05)

The 1°C memory load port permits the system controller to load the TAS3208 memories as an alternative to
having the TAS3208 load its memory from an external EEPROM.

The transfer is performed by writing to two I°C registers. The first register is a 8-byte register than holds the
checksum, memory to be written, starting address, and number of data bytes to be transferred. The second
register holds eight bytes of data.

The memory load operation starts with the first register being set. Then the data is written into the second
register using the format shown. After the last data byte is written into the second register, an additional two
bytes are written, which constrain the 2-byte checksum. At that point, the transfer is complete and status of the
operation is reported in the Status register.

NOTE
Once the microprogram memory has been loaded, further updates to this memory are
inhibited until the device is reset.

When the first I°C slave download register is written by the system controller, the TAS3208 updates the Status
register by setting a error bit to indicate an error for the memory type that is being loaded. This error bit is reset
when the operation complete and a valid checksum has been received.

For example, when the microprogram memory is being loaded, the TAS3208 will set a microprogram memory
error indication in the Status register at the start of the sequence. When the last byte of the microprogram
memory and checksum is received, the TAS3208 will clear the microprogram memory error indication. This
enables the TAS3208 to preserve any error status indications that occur as a result of incomplete transfers of
data/ checksum error during a series of data and program memory load operations.

The checksum is always contained in the last two bytes of the data block.

The 1°C slave download is terminated when a termination header with a zero-length byte count field is received.
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Table 30. I°C RAM Load Control Register (0x04)

BYTE DATA BLOCK FORMAT SIZE NOTES
1-2 | Checksum code 2bytes | oiminaion header, s vaiue 5 00 00.
0: Microprogram memory
1: Micro external data memory
3| Memor tobe ladea tope 2 DS pogan memony
4: DSP data memory
5-15: Reserved
4 Unused 1 byte Reserved
6-7 Starting TAS3208 memory address 2 bytes If this is a termination header, this value is 00 00.
7-8 Number of data bytes to be transferred 2 bytes If this is a termination header, this value is 00 00.
Table 31. 1°C RAM Load Data Register (0x05)
BYTE 8-BIT DATA 24-BIT DATA 28-BIT DATA 48-BIT DATA 55-BIT DATA
Datum 1 D7-DO XXXX D27-D24
2 Datum 2 D7-DO D23-D16 D23-D16 X D54-D48
3 Datum 3 D7-DO D15-D8 D15-D8 D47-D40 D47-D40
4 Datum 4 D7-DO D7-DO D7-DO D39-D32 D39-D32
5 Datum 5 D7-DO XXXX D27-D24 D31-D24 D31-D24
6 Datum 6 D7-DO D23-D16 D23-D16 D23-D16 D23-D16
7 Datum 7 D7-DO D15-D8 D15-D8 D15-D8 D15-D8
8 Datum 8 D7-DO D7-DO D7-DO D7-DO D7-DO

PEEK/POKE Control and Data Registers (0x06 and 0x07)

The PEEK/POKE Control (Table 32) and PEEK/POKE Data (Table 33) registers allow the user to access the
internal resources of TAS3208. Figure 40 shows the I2C transaction for the PEEK/POKE registers.

Table 32. PEEK/POKE Control Register (0x06)

BIT | 31 | 30 29 28 27 26 25 24 DESCRIPTION
0 0 0 0 0 0 0 0 Unused
BIT | 23 | 22 21 20 19 18 17 16
0 0 0 0 0 0 0 1 DSP coefficient memory load error
0 0 0 0 0 0 1 0 DSP data memory load error
0 0 0 0 0 0 1 1 DSP delay memory
0 0 0 0 0 1 0 0 M8051 internal data memory
0 0 0 0 0 1 0 1 M8051 external data memory
0 0 0 0 0 1 1 0 Extended special function registers
0 0 0 0 0 1 1 1 M8051 program memory
0 0 0 0 1 0 0 0 DSP program memory
BIT | 15 | 14 13 12 11 10 9 8
0 0 0 0 0 0 0 0 Memory address MSB
BIT 1 0
0 0 0 Memory address LSB
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Table 33. PEEK/POKE Data Register (0x07)

BIT | 63 62 61 60 59 58 57 56 DESCRIPTION
D63 | D62 | D61 | D60 | D59 | D58 | D57 | D56 Data to be read or written
BIT | 55 54 53 52 51 50 49 48
D55 | D54 | D53 | D52 | D51 | D50 | D49 | D48 Data to be read or written
BIT | 47 46 45 44 43 42 41 40
D47 | D46 | D45 | D44 | D43 | D42 | D41 | D40 Data to be read or written
BIT | 39 | 38 37 36 35 34 33 32
D39 | D38 | D37 | D36 | D35 | D34 | D33 | D32 Data to be read or written
BIT | 31 | 30 29 28 27 26 25 24
D31 | D30 | D29 | D28 | D27 | D26 | D25 | D24 Data to be read or written
BIT | 23 | 22 21 20 19 18 17 16
D23 | D22 | D21 | D20 | D19 | D18 | D17 | D16 Data to be read or written
BIT | 15 14 13 12 11 10 9 8
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 Data to be read or written
BIT 7 6 5 4 8 2 1 0
D7 | D6 D5 D4 D3 D2 D1 DO Data to be read or written
Memory Select and Address
s | Stave aadress | ack s“'zoi%%')ess Ack| [00000000 | ACK|memory section |ACK address (MS Byte) |ACK| address (LS Byte) |ACK|P
Peek (Read)
Slave address Sub address
S W ACK] (0x07) ACK| P
s | Stave aadress | ack De3-Dss|ACK|  Dss-Das  [AcK D47-D40 ACK|  D39-D32 ACK
D31-D24 |ACK|  D23-D16 |ACK D15-D8 ACK D7-DO NAK| P
Poke (Write)
S S'a"ef\f’vd'ess ACK S“?Of(%%ess Ack| | pe3-Dse|ACK|  Dss-Das  |ACK D47-D40 ACK D39-D32 ACK
D31-D24 |ACK|  D23-D16 |ACK D15-D8 ACK D7-DO NAK| P
Figure 40. 1°C Transaction for PEEK/POKE
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Mute Control Register (0x09)

Table 34. Mute Control Register

BIT| 31 30 29 28 27 26 25 | 24 DESCRIPTION
0 0 0 0 0 0 0 0 Unused
BIT| 23 22 21 20 19 18 17 | 16
0 0 0 0 0 0 Unused
BIT| 15 14 13 12 11 10
0 0 Unused
AMX1 | AMX0 Analog MUX out (LINEOUT1)
SD2 SD2 SDOUT2/SPDIFOUT
SD1 | SD1 SDOUT1
BIT 7 6 5 4 3 2 1 0
DAC1 | DAC1 DAC1
DAC2 | DAC2 DAC2
DAC3 | DAC3 DAC3
DIT | DIT DIT
Table 35. Mute®
MUTE MUTE[1] MUTE[O]
Hardware controlled 0 0
Force mute off 0 1
Force mute on 1 0
(1) Default values are shown in italics.
GPIO Control Register (0x0c)
Table 36. GPIO Control Register
BIT| 31 30 29 28 27 26 25 24 DESCRIPTION
WDE Watchdog timer
0 0 0 Unused
102 GPIO2 input/output value
101 GPIO1 input/output value
DIR2 GPIO2 direction
DIR1 GPIO1 direction
BIT| 23 22 21 20 19 18 17 16
X X X X X X X X GPIOMICROCOUNT MSB
BIT| 15 14 13 12 11 10 9 8
X X X GPIOMICROCOUNT LSB
BIT 7 5 4 1 0
y y y y y y y y GPIO_Sampling_Interval

GPIOMICROCOUNT sets the number of micro clock cycles for Timer O interrupt. In Timer O interrupt service

routine, the watchdog timer is reset if it is enabled. The default value for this counter is 0x5820, which
corresponds to a period 1.25 ms.

Table 37.
Watchdog Timer Enable®
WATCHDOG TIMER WDE

Enable 0

(1) Default values are shown in italics.
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Table 37.
Watchdog Timer

Enable®

(continued)

WATCHDOG TIMER WDE
Disable 1
Table 38. GPIO Direction®
GPIOx DIRECTION DIRX
Output 0
Input 1

(1) Default values are shown in italics.

Powerdown Control Register (0x10)

Table 39. Powerdown Control Register

BIT | 31 30 29 28 27 26 25 24 DESCRIPTION
0 0 0 0 0 0 0 0 Unused
BIT | 23 22 21 20 19 18 17 16
0 0 0 0 0 0 0 0 Unused
BIT | 15 14 13 12 11 10 9 8
0 0 0 0 Unused
BIT 7 6 5 3 2 1 0
DIT DIT reset
pAc DAC3
bAc DAC2
pic DAC1
ADC AMUX + AAF + ADC
0 Unused
0 Unused
AMX1 AMUX1 + LineAmp1

Table 40. Powerdown®

POWERDOWN

PD

Powerdown and disable

Powerup and enable

(1) Default values are shown in italics.
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A-MUX Control Register(0x12)

Table 41. A-MUX Control Register

BIT | 31 | 30 29 28 27 26 25 24 DESCRIPTION
X X X X 1 1 1 1 Reserved
X X X X 1 1 1 0 Reserved
X X X X 1 1 0 1 Reserved
X X X X 1 1 0 0 Reserved
X X X X 1 0 1 1 DAC
X X X X 1 0 1 0 Analog MUX line 10 select
X X X X 1 0 0 1 Analog MUX line 9 select
X X X X 1 0 0 0 Analog MUX line 8 select
X X X X 0 1 1 1 Analog MUX line 7 select
X X X X 0 1 1 0 Analog MUX line 6 select
X X X X 0 1 0 1 Analog MUX line 5 select
X X X X 0 1 0 0 Analog MUX line 4 select
X X X X 0 0 1 1 Analog MUX line 3 select
X X X X 0 0 1 0 Analog MUX line 2 select
X X X X 0 0 0 1 Analog MUX line 1 select
0 0 0 0 0 0 0 0 MUTE

BIT | 23 | 22 21 20 19 18 17 16
0 0 0 0 0 0 0 0 Unused

BIT | 15 | 14 13 12 11 10 9 8
0 0 0 0 0 0 0 0 Unused

BIT | 7 6 5 4 3 2 1 0
X X X X 1 1 1 1 Reserved
X X X X 1 1 1 0 Reserved
X X X X 1 1 0 1 Reserved
X X X X 1 1 0 0 Reserved
X X X X 1 0 1 1 DAC
X X X X 1 0 1 0 Analog MUX line 10 select
X X X X 1 0 0 1 Analog MUX line 9 select
X X X X 1 0 0 0 Analog MUX line 8 select
X X X X 0 1 1 1 Analog MUX line 7 select
X X X X 0 1 1 0 Analog MUX line 6 select
X X X X 0 1 0 1 Analog MUX line 5 select
X X X X 0 1 0 0 Analog MUX line 4 select
X X X X 0 0 1 1 Analog MUX line 3 select
X X X X 0 0 1 0 Analog MUX line 2 select
X X X X 0 0 0 1 Analog MUX line 1 select
0 0 0 0 0 0 0 0 MUTE
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SPDIF Control Register (0x16)

Table 42. SPDIF Control Register

BIT | 31 30 29 28 27 26 25 24 DESCRIPTION
CP Copyright flag
EMP Pre-emphasis flag
CLKAC CLKA
c Clock accuracy
b28 b29
WL3 | wWL2 | WL1 | WLO Sample word length
BIT | 23 22 21 20 19 18 17 16
SR SR .
Sampling rate
b24 | b25 0 0 0 0 0 0
VL Left-channel validity flag
VR Right-channel validity flag
SRC# | SRC# | SRC# | SRC#
Source channel number
b19 b18 b17 b16
BIT | 15 14 13 12 11 10 9 8
Cat Cat Cat Cat Cat Cat Cat
Category code
b8 b9 b10 b1l b12 b13 b14 0
Generation status
BIT 1 0
0 Unused
MUX1 | MUXO SPDIF MUX

Table 43. Copyright Flag®

COPYRIGHT FLAG CP
Copy prohibited 0
Copy permitted
(1) Default values are shown in italics.
Table 44. Pre-Emphasis Flag®
PRE-EMPHASIS FLAG EMP
No pre-emphasis 0
50/15 ys pre-emphasis 1
(1) Default values are shown in italics.
Table 45. Sample Word Length
SAMPLE WORD LENGTH WLx
24-bit sample word length 0
Table 46. Sampling Rate
SAMPLING RATE b24 b25
48 kHz 0 1
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Table 47. Validity Flag®

VALIDITY FLAG A
Valid 0
Not valid

(1) Default values are shown in italics.

Table 48. Channel Source Number

CHANNEL SOURCE NUMBER b19 b18 b17 b16
Channel 2 0 0 1 0

Table 49. Category Code

CATEGORY CODE b8 b9 b10 b11 b12 b13 | b14
Digital sound processor 0 1 0 1 0 1 0

Table 50. Generation Status

GENERATION STATUS VX
Gen 1 or higher 0
Original

Table 51. SDOUT/SPDIF MUX®

SDOUT/SPDIF MUX MUX1 MUX2
SDOUT2 0 0
SPDIF Tx 0 1
SPDIF In 1 -

(1) Default values are shown in italics.
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DC Dither Register (0x1d)

Table 52. DC Dither Register

BIT | 31 | 30 29 28 27 26 25 24 DESCRIPTION
0 0 0 0 0 0 0 0 Unused
BIT | 23 | 22 21 20 19 18 17 16
0 0 0 0 0 0 0 0 Unused
BIT | 15 | 14 13 12 11 10 9 8
0 0 0 Unused
BIT 4 1 0
0 0 Unused
ON DC dither enable

Table 53. DC Dither Enable®

DC DITHER ENABLE ON
Disable 0
Enable

(1) Default values are shown in italics.

DSP Program Start Address Register (0x1e)

The DSP instruction execution loops each Fs cycle. At the beginning of the Fs cycle, the DSP instruction pointer
is set to the starting address specified in the 12 LSBs. The maximum address is the end address of DSP

instruction address 3327.

Table 54. DSP Program Start Address Register

BIT | 31 | 30 29 28 27 26 25 24 DESCRIPTION

0 0 0 0 0 0 0 0 Unused
BIT | 23 | 22 21 20 19 18 17 16

0 0 0 0 0 0 0 0 Unused
BIT | 15 | 14 13 12 11 10 9 8

0 X X Starting address MSB

BIT 1 0

X X X X X X X Starting address LSB
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
TAS3208IPZP NRND HTQFP PzP 100 90 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TAS3208IPZP
& no Sh/Br)
TAS3208PZP NRND HTQFP PzP 100 90 Green (RoHS CU NIPDAU Level-3-260C-168 HR -20to 70 TAS3208PZP
& no Sh/Br)
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA

P/P (S*PQFP*GWOO) PowerPAD ™ PLASTIC QUAD FLATPACK
r 22 T8 @)
75 51
HERARARAR AR AR A A A AR A
° % ﬁ  THERMALPAD T % v
== SIZE AND SHAPE —
R SHOWN ON SEPARATE SHEET —
100 o= L S — J = 2
HHHHHHHHHHHHHHHHHHHHHHHHH
%7 12,00 TYP 44
14,20
13,80 ¢ >
16,20
) 1580 0
1,05
- .
A A [ / \
v v J° -
1,20 MAX N
4146929/C 09 /11

NOTES: A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details reqgarding the exposed thermal pad features and dimensions.
F. Falls within JEDEC MS-026

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PZP (S—PQFP-G100) PowerPAD™ PLASTIC QUAD FLATPACK
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or dlternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

RAARRAARRARRRARAARRARRAAE

~
(o]

A0 AR A
|
_|_
|
|

|

i _
-7

>
SRH:

6,50
4,99

AN
T

i

|

I

@
IR

100

6,50
4,99

|
RRERRRERRRELREELERLEREEE]

Top View

Exposed Thermal Pad Dimensions

4206333-5/L 05/14

NOTE: A. All linear dimensions are in millimeters

@ Tie strap features may not be present.
PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PZP (S—PQFP—-G100) PowerPAD™ PLASTIC QUAD FLATPACK

Example Board Layout Stencil Openings based on a stencil
Via pattern and copper area under solder mask thickness of .127mm (.005inch).
may vary depending on layout constraints Reference table below for other
solder stencil thicknesses
96x0,5 00x1 55 96x0 5
ana ~ OO —— J T -
— - — ‘_1OOXO 25 —
— — — —
— — — —
— — — —
— — — —
— c—1 — —
— — — —
—3 o ; o o — — —
—3 — — —
— ° o o — — —
—3 1'3 — — —
— o o o — 6,5 12,0 15,2 e Y65 —=15,2
— T__.T_1 3 — — —
= o o o o = = =
—3 — — —
— o o o o o — — X —
—— — 1 — f—
—3 — — —
— — — 6,5 —
—3 — — —
—3 — — —
—3 — — —
B —= - —
Solder Mask {7/ hrnt
owr coper’| (NIOO000O000000N0000C LA
L Solder Mask
Pin 1~ [ ' 162% ' Defined Pad | 15,2
I ' ! (See Note C, D)
} 15,2 (See Note E)
Example
Solder Mask Opening _ -
(See Note F) Center Power Pad Solder Stencil Opening
Stencil Thickness X
0.1mm 7.0 7.0
0.127mm 6.5 6.5
0.152mm 6.0 6.0
Example
Pad Geometry 0.178mm .7 2.7
4209826-3/C 01/13

NOTES:

Sow>

F

Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMA0O2, SLMAOO4, and dlso the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

PowerPAD is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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