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Low-Power Stereo ADC With Embedded miniDSP
for Wireless Handsets and Portable Audio

Check for Samples: TLV320ADC3101-Q1

FEATURES

e Qualified for Automotive Applications

e AEC-Q100 Test Guidance With the Following
Results:

— Device Temperature Grade 2: —40°C to
+105°C Ambient Operating Temperature
Range

— Device HBM ESD Classification Level H1C

— Device CDM ESD Classification Level C3B
e Stereo Audio ADC

— 92-dBA Signal-to-Noise Ratio

— Supports ADC Sample Rates From 8 kHz to
96 kHz

e Instruction-Programmable Embedded miniDSP

e Flexible Digital Filtering With RAM
Programmable Coefficient, Instructions, and
Built-In Processing Blocks

— Low-Latency IIR Filters for Voice
— Linear Phase FIR Filters for Audio

— Additional Programmable IIR Filters for EQ,
Noise Cancellation or Reduction

— Up to 128 Programmable ADC Digital Filter
Coefficients

e Six Audio Inputs With Configurable Automatic
Gain Control (AGC)

— Programmable in Single-Ended or Fully
Differential Configurations

— Can Be 3-Stated for Easy Interoperability
With Other Audio ICs

e« Low Power Consumption and Extensive
Modular Power Control:

— 6-mW Mono Record, 8-kHz

— 11-mW Stereo Record, 8-kHz

— 10-mW Mono Record, 48-kHz

— 17-mW Stereo Record, 48-kHz
e Dual Programmable Microphone Bias
e Programmable PLL for Clock Generation
« I°)C™ Control Bus

« Audio Serial Data Bus Supports IS, Left/Right-
Justified, DSP, PCM, and TDM Modes

» Digital Microphone Input Support
* Two GPIOs
» Power Supplies:

— Analog: 2.6 V-3.6 V

— Digital: Core: 1.65 V=195V,
I/0: 1.1 V-3.6V

* 4-mm x 4-mm 24-Pin RGE (QFN)

APPLICATIONS

* Wireless Handsets
e Portable Low-Power Audio Systems
e Noise-Cancellation Systems

e Front-End Voice or Audio Processor for Digital
Audio

DESCRIPTION

The TLV320ADC3101-Q1 is a low-power, stereo
audio analog-to-digital converter (ADC) supporting
sampling rates from 8 kHz to 96 kHz with an
integrated programmable-gain amplifier providing up
to 40-dB analog gain or AGC. A programmable
miniDSP is provided for custom audio processing.
Front-end input coarse attenuation of 0 dB, —6 dB, or
off, is also provided. The inputs are programmable in
a combination of single-ended or fully differential
configurations. Extensive register-based power
control is available via an I°C interface, enabling
mono or stereo recording. Low power consumption
makes the TLV320ADC3101-Q1 ideal for battery-
powered portable equipment.

The AGC programs to a wide range of attack
(7 ms-1.4 s) and decay (50 ms—22.4 s) times. A
programmable noise-gate function is included to
avoid noise pumping. Low-latency IIR filters optimized
for voice and telephony are available, as well as
linear-phase FIR filters optimized for audio.
Programmable IIR filters are also available and may
be used for sound equalization, or to remove noise
components. The audio serial bus can be
programmed to support I2S, left-justified, right-
justified, DSP, PCM, and TDM modes. The audio bus
may be operated in either master or slave mode.

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.

I°C is a trademark of Phillips Electronics.

PRODUCTION DATA information is current as of publication date.
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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DESCRIPTION (CONTINUED)

A programmable integrated PLL is included for flexible clock generation and provides support for all standard
audio rates from a wide range of available MCLKs, varying from 512 kHz to 50 MHz, including the most popular
cases of 12-MHz, 13-MHz, 16-MHz, 19.2-MHz, and 19.68-MHz system clocks.

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“: '\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Figure 1. TLV320ADC3101-Q1 Block Diagram
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Table 1. ORDERING INFORMATION

ORDERABLE P/N Ta PACKAGE TOP SIDE SYMBOL
6PADC3101TRGERQ1 —40°C to 105°C VQFN (24) - RGE ‘ Reel of 3000 ADC | 3101Q
PIN ASSIGNMENTS
TLV320ADC3101-Q1
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Connect the QFN thermal pad to AVSS.
PIN FUNCTIONS
PIN
NAME NUMBER DESCRIPTION
AVDD 10 Analog voltage supply, 2.6 V-3.6 V
AVSS Analog ground supply, 0 V
BCLK Audio serial data bus bit clock (input/output)
Digital microphone clock / general-purpose input/output #2 (input/output) / PLL clock input
DMCLK/GPIO2 20 / audio serial data-bus bit-clock input/output / multifunction pin based on register
programming
DMDIN/GPIO1 19 Digital microphone data input / general-purpose input/output #1 (input/output) / PLL clock
mux output / AGC noise flag / multifunction pin based on register programming
DOUT 3 Audio serial data bus data output (output)
DVDD 22 Digital core voltage supply, 1.65 V-1.95 V
DVSS 23 Digital ground supply, 0 V
12C_ADRO 15 LSB of I°C bus address
12C_ADR1 16 LSB + 1 of I°C bus address
IN1L(P) 8 Mic or line analog input (left-channel single-ended or differential plus, or right channel)
IN1IR(M) 11 Mic or line analog input (left-channel single-ended or differential minus, or left channel)
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PIN FUNCTIONS (continued)

PIN
NAME NUMBER DESCRIPTION
IN2L(P) 7 Mic or line analog input (left-channel single-ended or differential plus)
IN2R(P) 12 Mic or line analog input (right-channel single-ended or differential plus)
IN3L(M) 6 Mic or line analog input (left-channel single-ended or differential minus)
IN3R(M) 13 Mic or line analog input (right-channel single-ended or differential minus)
I0VDD 21 1/O voltage supply, 1.1 V-3.6 V
MCLK 24 Master clock input
MICBIAS1 5 MICBIASL1 bias voltage output
MICBIAS2 14 MICBIAS2 bias voltage output
RESET 4 Reset
SCL 17 I2C serial clock
SDA 18 I°C serial data input/output
WCLK 2 Audio serial data bus word clock (input/output)

ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)®

VALUE UNIT
AVDD to AVSS -0.3t0 3.9 \%
I0VDD to DVSS -0.3t03.9 \Y,
DVDD to DVSS -0.3t0 2.5 \%
Digital input voltage to DVSS -0.3Vto IOVDD + 0.3 \%
Analog input voltage to AVSS -0.3Vto AVDD + 0.3 \%

Operating temperature range —40 to 105 °C
Tsg Storage temperature range —65 to 125 °C
T; Max Junction temperature 125 °C

Power dissipation (T;Max—=Ta) /83 w
03a Thermal impedance, QFN package 45 °C/IW
Electrostatic | Human Body Model (HBM) AEC-Q100 Classification Level H1C 15 kv
El)zissc£)ar9e Charged Device Model (CDM) AEC-Q100 Classification Level C3B 750 \%
protection

(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.

DISSIPATION RATINGS®

PACKAGE TYPE Ta =25°C DERATING Tp =75°C Tp =85°C Ta =105°C
FACTOR
QFN 2.22W 22.2 mW/°C 665 mW 444mW 4mwW

(1) This data was taken using 2 oz. (0.071-mm thick) trace and copper pad that is soldered directly to a JEDEC standard 4-layer 3-in. x 3-
in. (7.62-cm x 7.62-cm) PCB.
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN  NOM MAX UNIT
AvDD®W Analog supply voltage 2.6 3.3 3.6 v
DvDD® Digital core supply voltage 1.65 1.8 1.95 v
jovbD® Digital 1/O supply voltage 1.1 1.8 3.6 v
\ Analog full-scale 0-dB input voltage (AVDD = 3.3 V) 0.707 Vrms
Digital output load capacitance 10 pF
Ta Operating free-air temperature -40 105 °C

(1) Analog voltage values are with respect to AVSS,; digital voltage values are with respect to DVSS.

ELECTRICAL CHARACTERISTICS

Ta=-40°C to 105°C, AVDD = 3.3V, IOVDD =1.8 V, DVDD = 1.8 V, fg = 48-kHz, 16-bit audio data (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT
AUDIO ADC
Input signal level (0-dB) Single-ended input 0.707 Vrms
Input common-mode voltage Single-ended input 1.35 Vrms
Signal-to-noise ratio, fs = 48 kHz, 0-dB PGA gain, IN1 inputs selected
SNR A-weighted® @ and ac-shorted to ground 80 92 d
Dynamic ran?e, fs = 48 kHz, 1-kHz —60-dB full-scale input 92 dB
A-weighted® @) applied at IN1 inputs, 0-dB PGA gain
o fg = 48 kHz, 1-kHz —2-dB full-scale input applied -110 —72| dB
THD Total harmonic distortion at IN1 inputs, 0-dB PGA gain 0.003% 0.017%
o . 234 Hz, 100 mVpp on AVDD, single-ended input 46
PSRR  Power supply rejection ratio - — dB
234 Hz, 100 mVpp on AVDD, differential input 68
ADC channel separation 1 kHz, =2 dB IN1L to IN1R -73 dB
ADC gain error 1 kHz input, 0-dB PGA gain 0.7 dB
ADC programmable-gain ) .
amplifier maximum gain 1-kHz input tone, Rsoyrce < 50 Q 40 dB
ADC_programm_abIe-gam 0.502 dB
amplifier step size
IN1 inputs, routed to single ADC 35
Input mix attenuation = 0 dB
Input resistance IN2 inputs, input mix attenuation = 0 dB 35 kQ
IN1 inputs, input mix attenuation = -6 dB 62.5
IN2 inputs, input mix attenuation = -6 dB 62.5
Input capacitance 10 pF
Input level control minimum
; ; 0 dB
attenuation setting
Input level control maximum 6 dB
attenuation setting
Input I_evel control attenuation 6 dB
step size

(1) Ratio of output level with 1-kHz full-scale sine-wave input, to the output level with the inputs short-circuited, measured A-weighted over a

20-Hz to 20-kHz bandwidth using an audio analyzer.

(2) All performance measurements done with 20-kHz low-pass filter and, where noted, A-weighted filter. Failure to use such a filter may
result in higher THD and lower SNR and dynamic range readings than shown in the Electrical Characteristics. The low-pass filter
removes out-of-band noise, which, although not audible, may affect dynamic specification values.
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ELECTRICAL CHARACTERISTICS (continued)
T,=-40°C to 105°C, AVDD = 3.3V, IOVDD =1.8V, DVDD = 1.8V, fg = 48-kHz, 16-bit audio data (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT
ADC DIGITAL DECIMATION FILTER fs = 48 kHz
Filter gain from 0 to 0.39 fg Filter A, AOSR = 128 or 64 +0.1 dB
Filter gain from 0.55 fg to 64 fs | Filter A, AOSR = 128 or 64 -73 dB
Filter group delay Filter A, AOSR = 128 or 64 17/fs s
Filter gain from 0 to 0.39 fg Filter B, AOSR = 64 +0.1 dB
Filter gain from 0.60 fg to 32 fs | Filter B, AOSR = 64 —46 dB
Filter group delay Filter B, AOSR = 64 11/fg s
Filter gain from 0 to 0.39 fg Filter C, AOSR = 32 +0.033 dB
Filter gain from 0.28 f5 to 16 fg | Filter C, AOSR = 32 —-60 dB
Filter group delay Filter C, AOSR = 32 11/fg s
MICROPHONE BIAS
2
Bias voltage Programmable settings, load = 750 Q 2.25 25 275 \
AVDD —
0.2
Current sourcing 2.5-V setting 4|1 mA
. BW = 20 Hz to 20 kHz, A-weighted, 1-pF v
Integrated noise capacitor between MICBIAS and AGND 33 rms
DIGITAL 1/O
Vi Input low level I =5 pA -0.3 IO(\’/'%S Vv
Vin Input high level® Iy =5 pA IO?/jDI; v
_ 0.1 x
VoL Output low level Iy =2 TTL loads |OVDD \%
v o . _ 0.8 x
OH utput high level loy =2 TTL loads |1OVDD \%
SUPPLY CURRENT fs = 48-kHz, AVDD = 3.3V, DVDD = |0VDD = 1.8 V
AVDD 2
Mono record PLL and AGC off mA
DVvDD 1.9
AVDD 4
Stereo record PLL and AGC off mA
DVvDD 2.1
AVDD | Additional power consumed when 11
PLL . mA
DVDD PLL is powered 0.8
AVDD | All supply voltages applied, all blocks 0.04 A
Power down DVDD programmed in lowest power state 0.7 H
DVDD | Ta=-40°C to 105°C 10 pA
(3) When IOVDD < 1.6 V, minimum V4 is 1.1 V.
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AUDIO DATA SERIAL INTERFACE TIMING DIAGRAMS
All specifications at 25°C, DVDD = 1.8 V

WCLK ><

|
14(DO-WS) —p{ [&— s(DO-BCLK) — i [4—

oor X X X

IOVDD =1.8V

IOVDD =3.3V

PARAMETER UNIT
MIN MAX MIN MAX
ta(WS) BCLK/WCLK delay time 20 15 ns
ty(DO-WS) BCLK/WCLK to DOUT delay time 25 20 ns
ty(DO-BCLK) BCLK to DOUT delay time 20 15 ns
tr Rise time 20 15 ns
tf Fall time 20 15 ns
NOTE: All timing specifications are measured at characterization.
Figure 2. 1°S/LJF/RJF Timing in Master Mode
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All specifications at 25°C, DVDD = 1.8 V

i \
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{,(DO-BCLK) — by |4—
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IOVDD = 1.8V IOVDD =3.3V
PARAMETER UNIT
MIN MAX MIN MAX
ta(WS) BCLK/WCLK delay time 25 15 ns
tgy(DO-BCLK)  BCLK to DOUT delay time 25 15 ns
tr Rise time 20 15 ns
t Fall time 20 15 ns

NOTE: All timing specifications are measured at characterization.

Figure 3. DSP Timing in Master Mode
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All specifications at 25°C, DVDD = 1.8 V
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PARAMETER IOVDD =1.8V IOVDD =3.3V UNIT
MIN MAX MIN MAX
ty(BCLK) BCLK high period 35 35 ns
t, (BCLK) BCLK low period 35 35 ns
ts(WS) BCLK/WCLK setup time 10 6 ns
th(WS) BCLK/WCLK hold time 10 6 ns
tq(DO-WS) BCLK/WCLK to DOUT delay time (for LJF Mode only) 30 30 ns
tg(DO-BCLK) BCLK to DOUT delay time 25 20 ns
tr Rise time 16 8 ns
t Fall time 16 8 ns

NOTE: All timing specifications are measured at characterization.

Figure 4. 1°S/LJF/RJF Timing in Slave Mode
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All specifications at 25°C, DVDD = 1.8 V
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Note A. Falling edge inside a frame for WCLK is arbitrary inside frame.

PARAMETER I0VDD =18V IOVDD =3.3V UNIT
MIN MAX MIN MAX
th(BCLK) BCLK high period 35 35 ns
t (BCLK) BCLK low period 35 35 ns
ts(WS) BCLK/WCLK setup time 10 8 ns
th(WS) BCLK/WCLK hold time 10 8 ns
ty(DO-BCLK) BCLK to DOUT delay time 25 20 ns
t, Rise time 15 8 ns
t Fall time 15 8 ns

NOTE: All timing specifications are measured at characterization.

Figure 5. DSP Timing in Slave Mode

TYPICAL CHARACTERISTICS
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Figure 6. Line Input to ADC FFT Plot
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)
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Figure 9. MICBIAS Output Voltage vs AVDD
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Figure 10. MICBIAS Output Voltage vs Ambient Temperature
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TYPICAL CHARACTERISTICS (continued)
TYPICAL CIRCUIT CONFIGURATION
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Figure 11. Typical Connections
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OVERVIEW

The TLV320ADC3101-Q1 is a flexible, low-power, stereo audio ADC device with extensive feature integration,
intended for applications in smartphones, PDAs, and portable computing, communication, and entertainment
applications. The device integrates a host of features to reduce cost, board space, and power consumption in
space-constrained, battery-powered, portable applications.

The TLV320ADC3101-Q1 consists of the following blocks:

» Stereo audio multibit delta-sigma ADC (8 kHz—96 kHz)

e Programmable digital audio effects processing (3-D, bass, treble, mid-range, EQ, de-emphasis)

» Register-configurable combinations of up to six single-ended or three differential audio inputs

* Fully programmable PLL with extensive ADC clock-source and divider options for maximum end-system
design flexibility

Communication to the TLV320ADC3101-Q1 for control is via a two-wire 1°C interface. The 1°C interface supports
both standard and fast communication modes.

HARDWARE RESET

The TLV320ADC3101-Q1 requires a hardware reset after power up for proper operation. After all power supplies
are at their specified values, the RESET pin must be driven low for at least 10 ns. If this reset sequence is not
performed, the TLV320ADC3101-Q1 may not respond properly to register reads/writes.

PLL START-UP

When the PLL is powered on, a start-up delay of approximately 10 ms occurs after the power-up command of the
PLL and before the clocks are available to the TLV320ADC3101-Q1. This delay is to ensure stable operation of
the PLL and clock-divider logic.

SOFTWARE POWER DOWN

By default, all circuit blocks are powered down following a reset condition. Hardware power up of each circuit
block can be controlled by writing to the appropriate control register. This approach allows the lowest power-
supply current for the functionality required. However, when a block is powered down, all of the register settings
are maintained as long as power is still being applied to the device.

miniDSP

The TLV320ADC3101-Q1 features a miniDSP core which is tightly coupled to the ADC. The fully programmable
algorithms for the miniDSP must be loaded into the device after power up. The miniDSP has direct access to the
digital stereo audio stream, offering the possibility for advanced, very low-group-delay DSP algorithms. The ADC
miniDSP has 512 programmable instructions, 256 data memory locations, and 128 programmable coefficients.

Software development for the TLV320ADC3101-Q1 is supported through TI's comprehensive PurePath™ Studio
software development environment, a powerful, easy-to-use tool designed specifically to simplify software
development on Texas Instruments miniDSP audio platforms. The graphical development environment consists
of a library of common audio functions that can be dragged and dropped into an audio signal flow and graphically
connected together. The DSP code can then be assembled from the graphical signal flow with the click of a
mouse. See the TLV320ADC3101-Q1 product folder on www.ti.com to learn more about PurePath Studio
software and the latest status on available, ready-to-use DSP algorithms.

DIGITAL CONTROL SERIAL INTERFACE

[2C CONTROL MODE

The TLV320ADC3101-Q1 supports the 1°C control protocol and is capable of both standard and fast modes.
Standard mode is up to 100 kHz and fast mode is up to 400 kHz. When in I?’C control mode, the
TLV320ADC3101-Q1 can be configured for one of four different addresses, using the pins 12C_ADR1 and
I2C_ADRQO, which control the two LSBs of the device address. The 5 MSBs of the device address are fixed as
0011 0 and cannot be changed, while the two LSBs are given by 12C_ADR1:12C_ADRO. This results in four
possible device addresses:
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Table 2. I°C Slave Device Addresses for I2C_ADR1, I2C_ADRO Settings

12C_ADR1 12C_ADRO Device Address
0 0 0011 000
0 1 0011 001
1 0 0011 010
1 1 0011011

I°C is a two-wire, open-drain interface supporting multiple devices and masters on a single bus. Devices on the
I2C bus only drive the bus lines LOW by connecting them to ground; they never drive the bus lines HIGH.
Instead, the bus wires are pulled HIGH by pullup resistors, so the bus wires are HIGH when no device is driving
them LOW. This way, two devices cannot conflict; if two devices drive the bus simultaneously, there is no driver
contention.

Communication on the 1°C bus always takes place between two devices, one acting as the master and the other
acting as the slave. Both masters and slaves can read and write, but slaves can only do so under the direction of
the master. Some I2C devices can act as masters or slaves, but the TLV320ADC3101-Q1 can only act as a slave
device.

An I2C bus consists of two lines, SDA and SCL. SDA carries data; SCL provides the clock. All data is transmitted
across the 1°C bus in groups of eight bits. To send a bit on the 1°C bus, the SDA line is driven to the appropriate
level while SCL is LOW (a LOW on SDA indicates the bit is 0; a HIGH indicates the bit is 1). Once the SDA line
has settled, the SCL line is brought HIGH, then LOW. This pulse on SCL clocks the SDA bit into the receiver
shift register.

The I2C bus is bidirectional: the SDA line is used both for transmitting and receiving data. When a master reads
from a slave, the slave drives the data line; when a master sends to a slave, the master drives the data line.
Under normal circumstances, the master drives the clock line.

Most of the time the bus is idle, no communication is taking place, and both lines are HIGH. When
communication is taking place, the bus is active. Only master devices can start a communication. They do this by
causing a START condition on the bus. Normally, the data line is only allowed to change state while the clock
line is LOW. If the data line changes state while the clock line is HIGH, it is either a START condition or its
counterpart, a STOP condition. A START condition is when the clock line is HIGH and the data line goes from
HIGH to LOW. A STOP condition is when the clock line is HIGH and the data line goes from LOW to HIGH.

After the master issues a START condition, it sends a byte that indicates the slave device with which it is to
communicate. This byte is called the address byte. Each device on an I1°C bus has a unique 7-bit address to
which it responds. (Slaves can also have 10-bit addresses; see the 1°C specification for details.) The master
sends an address in the address byte, together with a bit that indicates whether it is to read from or write to the
slave device.

Every byte transmitted on the 12C bus, whether it is address or data, is acknowledged with an acknowledge bit.
When a master has finished sending a byte (eight data bits) to a slave, it stops driving SDA and waits for the
slave to acknowledge the byte. The slave acknowledges the byte by pulling SDA LOW. The master then sends a
clock pulse to clock the acknowledge bit. Similarly, when a master has finished reading a byte, it pulls SDA LOW
to acknowledge this to the slave. It then sends a clock pulse to clock the bit.

A not-acknowledge is performed by leaving SDA HIGH during an acknowledge cycle. If a device is not present
on the bus, and the master attempts to address it, it receives a not-acknowledge because no device is present at
that address to pull the line LOW.

When a master has finished communicating with a slave, it may issue a STOP condition. When a STOP
condition is issued, the bus becomes idle again. A master may also issue another START condition. When a
START condition is issued while the bus is active, it is called a repeated START condition.

The TLV320ADC3101-Q1 also responds to and acknowledges a general call, which consists of the master
issuing a command with a slave address byte of 00h.
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Figure 12. 1°C Write
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Figure 13. 1°C Read

In the case of an 1°C register write, if the master does not issue a STOP condition, then the device enters auto-
increment mode. So in the next eight clocks, the data on SDA is treated as data for the next incremental register.

Similarly, in the case of an I°C register read, after the device has sent out the 8-bit data from the addressed
register, if the master issues an ACKNOWLEDGE, the slave takes over control of SDA bus and transmits for the
next eight clocks the data of the next incremental register.

DIGITAL AUDIO DATA SERIAL INTERFACE

Audio data is transferred between the host processor and the TLV320ADC3101-Q1 via the digital-audio serial-
data interface, or audio bus. The audio bus on this device is flexible, including left- or right-justified data options,
support for I12S or PCM protocols, programmable data-length options, a TDM mode for multichannel operation,
flexible master/slave configurability for each bus clock line, and the ability to communicate with multiple devices
within a system directly.

The audio serial interface on the TLV320ADC3101-Q1 has an extensive /O control to allow for communicating
with two independent processors for audio data. The processors can communicate with the device one at a time.
This feature is enabled by register programming of the various pin selections.

The audio bus of the TLV320ADC3101-Q1 can be configured for left- or right-justified, 1°S, DSP, or TDM modes
of operation, where communication with standard telephony PCM interfaces is supported within the TDM mode.
These modes are all MSB-first, with data width programmable as 16, 20, 24, or 32 bits by configuring page 0 /
register 27, bits D5-D4. In addition, the word clock and bit clock can be independently configured in either
master or slave mode for flexible connectivity to a wide variety of processors. The word clock is used to define
the beginning of a frame, and may be programmed as either a pulse or a square-wave signal. The frequency of
this clock corresponds to the maximum of the selected ADC sampling frequencies.

The bit clock is used to clock in and out the digital audio data across the serial bus. When in master mode, this
signal can be programmed to generate variable clock pulses by controlling the bit-clock divider in page 0 /
register 30 (see Figure 31). Accommodating various word lengths as well as supporting the case when multiple
TLV320ADC3101-Q1s share the same audio bus may require that the number of bit-clock pulses in a frame be
adjusted.

The TLV320ADC3101-Q1 also includes a feature to offset the position of the start of data a transfer with respect
to the word clock. There are two configurations that afford the user to use either a single offset for both channels
or to use separate offsets. Ch_Offset_1 reference represents the value in page 0 / register 28 and Ch_Offset_2
represents the value in page 0 / register 37. When page 0 / register 38, bit DO is set to zero (time-slot-based
channel assigment is disabled), the offset of both channels is controlled, in terms of number of bit clocks, by the
programming in page O / register 28 (Ch_Offset_1). When page 0 / register 38, bit DO = 1 (time-slot-based
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channel assignment enabled), the first channel is controlled, in terms of number of bit clocks, by the
programming in page 0 / register 28 (Ch_Offset_1), and the second channel is controlled, in terms of number of
bit clocks, by the programming in page 0 / register 37 (Ch_Offset_2), where register 37 programs the delay
between the first word and the second word. Also, the relative order of the two channels can be swapped,
depending on the programmable register bit (page 0 / register 38, bit D4) that enables swapping of the channels.

The TLV320ADC3101-Q1 also supports a feature of inverting the polarity of bit clock used for transferring the
audio data as compared to the default clock polarity used. This feature can be used independently of the mode
of audio interface chosen. This can be configured by writing to page 0 / register 29, bit D3.

The TLV320ADC3101-Q1 further includes programmability (page O / register 27, bit DO) to place DOUT in the
high-impedance state at the end of data transfer (i.e., at the end of the bit cycle corresponding to the LSB of a
channel). By combining this capability with the ability to program at what bit clock in a frame the audio data
begins, time-division multiplexing (TDM) can be accomplished, resulting in multiple ADCs able to use a single
audio serial data bus. To further enhance the 3-state capability, the TLV320ADC3101-Q1 can be put in a high-
impedance state a half bit cycle earlier by setting page 0 / register 38, bit D1 to 1. When the audio serial data
bus is powered down while configured in master mode, the pins associated with the interface are put into a high-
impedance output state.

1/fs

4 »
) L
WCLK _I I .............................. _I I

ek LML IL_..fLrrerJsrL._..JrrL.Jud
DOUT T X N1 X N2 XN 3 1 X_0_X_X X N-AX N-2XN-37s _
DOUT Tristate  \____ . / | /[

Figure 14. Both Channels Enabled, Early 3-Stating Enabled

Either or both of the two channels can be disabled in LJF, 1°S, and DSP modes by using page 0 / register 38,
bits D3-D2. Figure 14 shows the interface timing when both channels are enabled and early 3-stating is enabled.
Figure 15 shows the effect of setting page 0 / register 38, bit D2, first channel disabled, and setting page 0 /
register 27, bit DO to 1, which enables placing DOUT in the high-impedance state. If placing DOUT in the high-
impedance state is disabled, then the DOUT signal is driven to logic level 0.

< 1ifs >
< Frame Time/2 — — _>||_ _I_

WCLK

I
Belk L[ LI 7 J S I J S S

pouT SUXTOCH e T XX FNRAXE ~~ 2 XX T~
DOUT_Tristate \ [T

Figure 15. First Channel Disabled, Second Channel Enabled, 3-Stating Enabled

The sync signal for the ADC filter is not generated based on the disabled channel. The sync signal for the filter
corresponds to the beginning of the earlier of the two channels. If the first channel is disabled, the filter sync is
generated at the beginning of the second channel, if it is enabled. If both the channels are disabled, there is no
output to the serial bus, and the filter sync corresponds to the beginning of the frame.

By default, when the word clocks and bit clocks are generated by the TLV320ADC3101-Q1, these clocks are
active only when the ADC is powered up within the device. This is done to save power. However, it also supports
a feature wherein both the word clocks and bit clocks can be active even when the codec in the device is
powered down. This is useful when using the TDM mode with multiple codecs on the same bus or when word
clocks or bit clocks are used in the system as general-purpose clocks.

Right-Justified Mode

In right-justified mode, the LSB of the left channel is valid on the rising edge of the bit clock preceding the falling
edge of word clock. Similarly, the LSB of the right channel is valid on the rising edge of the bit clock preceding
the rising edge of the word clock. See Figure 16 for right-justifed mode timing.
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Figure 16. Timing Diagram for Right-Justified Mode

For right-justified mode, the number of bit clocks per frame should be greater than twice the programmed word-
length of the data. Note that the time-slot-based mode is not available in the right-justified mode.

Left-Justified Mode

In left-justified mode, the MSB of the right channel is valid on the rising edge of the bit clock following the falling
edge of the word clock. Similarly, the MSB of the left channel is valid on the rising edge of the bit clock following
the rising edge of the word clock. Figure 17 shows the standard timing of the left-justified mode.
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CLOCK LEFT CHANNEL RIGHT CHANNEL
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T
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CLOCK
DATA n-1|n-2|n-3]| ||3]2]|1]0 | n-1|n-2|n-3[| |13 ] 2]1]0 | n-1|n-2In-3|| |
}47 LD(n) —»\ }47 RD (n) —»\ }47 LD(n+1)
LD(n) = nth Sample of Left-Channel Data RD(n) = nth Sample of Right-Channel Data

Figure 17. Left-Justified Mode (Standard Timing)

Figure 18 shows the left-justified mode with Ch_Offset 1 = 1.
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Figure 18. Left-Justified Mode With Ch_Offset 1 =1

Figure 19 shows the left-justified mode with Ch_Offset_1 = 0 and bit clock inverted.
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Figure 19. Left-Justified Mode With Ch_Offset_1 = 0, Bit Clock Inverted

For left-justified mode, the number of bit clocks per frame should be greater than twice the programmed word
length of the data. Also, the programmed offset value should be less than the number of bit clocks per frame by
at least the programmed word length of the data.

When the time-slot-based channel assignment is disabled (page O / register 38, bit DO = 0), the left and right
channels have the same offset Ch_Offset 1 (page O / register 28), and each edge of the word clock starts data
transfer for one of the two channels, depending on whether or not channel swapping is enabled. Data bits are
valid on the rising edges of the bit clock. With the time-slot-based channel assignment enabled (page 0 / register
38, bit DO = 1), the left and right channels have independent offsets (Ch_Offset 1 and Ch_Offset 2). The rising
edge of the word clock starts data transfer for the first channel after a delay of its programmed offset
(Ch_Offset_1) for this channel. Data transfer for the second channel starts after a delay of its programmed offset
(Ch_Offset_2) from the LSB of the first-channel data. The falling edge of the word clock is not used.

With no channel swapping, the MSB of the left channel is valid on the (Ch_Offset_1 + 1)th rising edge of the bit
clock following the rising edge of the word clock. And, the MSB of the right channel is valid on the (Ch_Offset 1
+ 1)th rising edge of the bit clock following the falling edge of the word clock. The operation in this case, with
offset of 1, is shown in the timing diagram of Figure 18. Because channel swapping is not enabled, the left-
channel data is before the right-channel data. With channel swapping enabled, the MSB of the right channel is
valid on the (Ch_Offset_1 + 1)th rising edge of the bit clock following the rising edge of the word clock. And, the
MSB of the left channel is valid on the (Ch_Offset 1 + 1)th rising edge of the bit clock following the falling edge
of the word clock. The operation in this case, with offset of 1, is shown in the timing diagram of Figure 20. As
shown in the diagram, right-channel data of a frame is before that frame’s left-channel data, due to channel
swapping. Otherwise, the behavior is similar to the case where channel swapping is disabled. The MSB of the
right-channel data is valid on the second rising edge of the bit clock after the rising edge of the word clock, due
to an offset of 1. Similarly, the MSB of the left-channel data is valid on the second rising edge of the bit clock
after the falling edge of the word clock.

{ | I
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CLOCK 4——— RIGHT CHANNEL ————pi¢—————— LEFTCHANNEL ————— P

I i

o [T TUTUNUI Uoupu o
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I
I
DATA ————n-1[n2ln-3f| 1| 3] 2|10 || E nln2|n3li ([ 3| 2[1]0 || n-fn2fn-3|| |
: I I : I I I
i 547 RD(n) P! i 547 LD(n) —— ¢ RD(n+1)
—pi  l4— Ch_ Offset_1=1 — P 4 Ch_Offset_1=1

Figure 20. Left-Justified Mode With Ch_Offset_1 = 1, Channel Swapping Enabled

When time-based-slot mode is enabled with no channel swapping, the MSB of the left channel is valid on the
(Offsetl + 1)th rising edge of the bit clock following the rising edge of the word clock. And, the MSB of the right
channel is valid on the (Ch_Offset_2 + 1)th rising edge of the bit clock following the LSB of the left channel.
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Figure 21 shows the operation with time-based-slot mode enabled and Ch_Offset 1 = 0 and Ch_Offset_2 = 1.
The MSB of the left channel is valid on the first rising edge of the bit clock after the rising edge of the word clock.
Data transfer for the right channel does not wait for the falling edge of the word clock, and the MSB of the right
channel is valid on the second rising edge of the bit clock after the LSB of the left channel.
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Figure 21. Left-Justified Mode, Time-Based-Slot Mode Enabled, Ch_Offset 1 =0, Ch_Offset 2=1

For the case with time-based-slot mode enabled and channel swapping enabled, the MSB of the right channel is
valid on the (Ch_Offset 1 + 1)th rising edge of the bit clock following the rising edge of the word clock. And, the
MSB of the left channel is valid on the (Ch_Offset 2 + 1)th rising edge of the bit clock following the LSB of the
right channel. Figure 22 shows the operation in this mode with Ch_Offset_ 1 = 0 and Ch_Offset 2 = 1. The MSB
of the right channel is valid on the first rising edge of the bit clock after the rising edge of the word clock. Data
transfer for the left channel starts following the completion of data transfer for the right channel without waiting for
the falling edge of the word clock. The MSB of the left channel is valid on the second rising edge of the bit clock
after the LSB of the right channel.

WORD ‘
CLOCK
—_— X I —
BIT
DATA n-1|n-2|n-3|| || 3]2]1]0F—n-1|n-2|n-3]| [|3]2]1]0 | 1-1|n-2|n-3] | |
«——ROM) B |¢—— LD —p l¢—— RD(n+1)
Right Channel Left Channel
—plq— Ch_Offset 1=0 —p| @ Ch_Offset 2=1

Figure 22. Left-Justified Mode, Time-Based-Slot Mode Enabled, Ch_Offset_1 = 0, Ch_Offset_2 =1,
Channel Swapping Enabled

I°S Mode

In 1°S mode, the MSB of the left channel is valid on the second rising edge of the bit clock after the falling edge
of the word clock. Similarly, the MSB of the right channel is valid on the second rising edge of the bit clock after
the rising edge of the word clock. Figure 23 shows the standard 1°S timing.
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CLOCK
DATA —n-1|n-2|n-3]| [[ 3] 2] 1] 0 X n-fn2|n-3f 13| 2]1]0 | n-1n-2n-3H|E|
'« LD(n) 4>Q '« RD(n) 4* \47 LD(n+1)
—p4— Ch_Offset 1=0 —p¢— Ch_Offset 1=0
LD(n) = nth Sample of Left-Channel Data RD(n) = nth Sample of Right-Channel Data
Figure 23. 1°S Mode (Standard Timing)
Figure 24 shows the 1°S mode timing with Ch_Offset_1 = 2.
— || ||
c",‘fggﬂ 4——— LEFTCHANNEL ——pl¢—————— RIGHT CHANNEL————p>

=N UL (AR

U UL LR SR (LD
oor —— {3 [EFLTE- ——F FEEE - ——8

|
|
| | |
| 4 D) —p | ¢ RO ——p < LD(n+1)
—p [4— Ch_Offset_1=2 | —p [€— Ch_Offset_1=2 |
LD(n) = nth Sample of Left-Channel Data RD(n) = nth Sample of Right-Channel Data

Figure 24. 1°S Mode With Ch_Offset_1 =2

Figure 25 shows the I1°S mode timing with Ch_Offset_1 = 0 and bit clock inverted.

b— I I

WORD

D — — Pt ——p
CLOCK ‘L‘EFT CHANNEL N RIGHT CHANNEL .

BIT N N N N N
CLOCK
DATA —n-1|n-2|n-3|| [|3]|2]|1]0 { n-1fn-2|n-3|[ [|3|2]|1]0 f n-1n-2n-3H|E|
4« LD(n) ———p 4 RDM) ———p €4 LD(n+1)
—p¢— Ch_Offset_1=0 —p¢— Ch_Offset_1=0
LD(n) = nth Sample of Left-Channel Data RD(n) = nth Sample of Right-Channel Data

Figure 25. 1°S Mode With Ch_Offset_1 = 0, Bit Clock Inverted

For I°S mode, the number of bit clocks per channel should be greater than or equal to the programmed word
length of the data. Also the programmed offset value should be less than the number of bit clocks per frame by
at least the programmed word length of the data.

DSP Mode

In DSP mode, the rising edge of the word clock starts the data transfer with the left-channel data first and is
immediately followed by the right-channel data. Each data bit is valid on the falling edge of the bit clock.
Figure 26 shows the standard timing for the DSP mode.
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DA.I.A_n-1n-2n-3H 31211|onYn-2n-3l| 113]2]1]0 { { n-1|n-2|n-3{ | \IEI

}47 LD(n) 4,}47 RD(n) —»\ }q—LD(nH)

LD(n) = n'th sample of left channel date RD(n) = n'th sample of right channel date

Figure 26. DSP Mode (Standard Timing)
Figure 27 shows the DSP mode timing with Ch_Offset_1 = 1.

chggﬁ | 4— LEFT CHANNEL # RIGHT CHANNEL %i
|
(N t [ — | [ [ |—
|

oL AL FULARULY LSS AL L

DATA — T n-1|n-2|n-3|| [| 3| 2| 1] 0 |n-1n-2Jn-3|| [| 32| 1] 0 f l n-1|n-2dn-3|| |

| | |

‘¢ LD —pi¢—— RD(N) —p ¢ LD(n+1)
—p! |4— Ch_Offset_1=1

LD(n) = nth Sample of Left-Channel DatA  RD(n) = nth Sample of Right-Channel Data

Figure 27. DSP Mode With Ch_Offset_ 1 =1

Figure 28 shows the DSP mode timing with Ch_Offset_1 = 0 and bit clock inverted.

WORD LEFT CHANNEL% RIGHT CHANNEL — |

I A e e L
oata ——nanend]| [ 3] 2] 1[0 [ntlndndi [3]2] 4]0 —— ; andnd| E|

| I I I

4 LD(n) — ple— RD(n) —p e LD (1)
I

—Pl4— Ch_Offset_1=0

Figure 28. DSP Mode With Ch_Offset_1 = 0, Bit Clock Inverted

For DSP mode, the number of bit clocks per frame should be greater than twice the programmed word length of
the data. Also, the programmed offset value should be less than the number of bit clocks per frame by at least
the programmed word length of the data.

Figure 29 shows the DSP time-slot-based mode without channel swapping, and with Ch_Offset 1 = 0 and
Ch_Offset_2 = 3. The MSB of left channel data is valid on the first falling edge of the bit clock after the rising
edge of the word clock. Because the right channel has an offset of 3, the MSB of its data is valid on the third
falling edge of the bit clock after the LSB of the left-channel data. As in the case of other modes, the serial output
bus is put in the high-impedance state, if 3-stating of the output is enabled, during all the extra bit-clock cycles in
the frame.
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C"{gﬁﬁ «—— RIGHT CHANNEL—p| '4— LEFT CHANNEL—},
|
! [ : : \ \. [
BIT
amxﬂﬂﬂllllllllﬂﬂllllllllﬂﬂﬂﬂﬂﬂlﬂﬂﬂllﬂm
| | |
DATA n-n-2n-3|| [13]2]1]0 n-1n-2In-3f | | 3]2]1]0 11 n-1|n-2|n-3]| |
'47 R[)(n)—»l '4— LD(n) 4>' «——RD(n+1)

%Ch Offset_1=0 '<—>‘— Ch_Offset_2=3

Figure 29. DSP Mode, Time-Slot-Based Mode Enabled, Ch_Offset_1 =0, Ch_Offset 2 =3

Figure 30 shows the timing diagram for the DSP mode with left and right channels swapped, Ch_Offset 1 = 0,
and Ch_Offset_2 = 3. The MSB of the right channel is valid on the first falling edge of the bit clock after the rising
edge of the word clock. And, the MSB of the left channel is valid three bit-clock cycles after the LSB of right
channel, because the offset for the left channel is 3.

C"{g@ﬁ «—— RIGHT CHANNEL—p| '4— LEFT CHANNEL—},
|
! I : : \ \. I
BIT
amKﬂﬂﬂllllllllﬂﬂllllllllﬂﬂﬂﬂﬂﬂlﬂﬂﬂllﬂm
| | |
DATA n-In-2n-3|| [13]2]1]0 n-1n-2In-3f | | 3]2]1]0 11 n-1|n-2|n-3]| |
| | | |
l«———RD(n)——» 4———LD(n)——»| FRD(nH)

| | I I
—»i¢—Ch_Offset_1=0 «—» Ch_Offset 2=3

Figure 30. DSP Mode, Time-Slot-Based Mode Enabled, Ch_Offset_1 =0, Ch_Offset_2 = 3, Channel Swap
Enabled
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AUDIO DATA CONVERTERS

The TLV320ADC3101-Q1 supports the following standard audio sampling rates: 8 kHz, 11.025 kHz, 12 kHz, 16
kHz, 22.05 kHz, 24 kHz, 32 kHz, 44.1 kHz, 48 kHz, 88.2 kHz, and 96 kHz. The converters can also operate at
different sampling rates in various combinations, which are described further as follows.

The TLV320ADC3101-Q1 supports a wide range of options for generating clocks for the ADC section as well as
the digital interface section and the other control blocks, as shown in Figure 31. The clocks for the ADC require a
source reference clock. The clock can be provided on device pins MCLK and BCLK. The source reference clock
for the ADC section can be chosen by programming the ADC_CLKIN value on page 0 / register 4, bits D1-DO0.
The ADC_CLKIN can then be routed through highly flexible clock dividers, shown in Figure 31, to generate
various clocks required for the ADC and programmable digital filter sections. In the event that the desired audio
or programmable digital filter clocks cannot be generated from the external reference clocks on MCLK and
BCLK, the TLV320ADC3101-Q1 also provides the option of using an on-chip PLL that supports a wide range of
fractional multiplication values to generate the required system clocks. Starting from ADC_CLKIN, the
TLV320ADC3101-Q1 provides for several programmable clock dividers to support a variety of sampling rates for
the ADC and the clocks for the programmable digital filter section.

AUDIO CLOCK GENERATION

The audio converters in fully programmable filter mode in the TLV320ADC3101-Q1 require an internal audio
master clock at a frequency of 2 N x fg, where N = IADC (page O / register 21) when filter mode (page 0 /
register 61) equals zero; otherwise, N equals the instruction count from the ADC processing blocks (see
Table 7). The master clock is obtained from an external clock signal applied to the device.

The device can accept an MCLK input from 512 kHz to 50 MHz, which can then be passed through either a
programmable divider or a PLL to get the proper internal audio master clock required by the device. The BCLK
input can also be used to generate the internal audio master clock.

A primary concern is proper operation of the TLV320ADC3101-Q1 at various sample rates with the limited MCLK
frequencies available in the system. This device includes a programmable PLL to accommodate such situations.
The integrated PLL can generate audio clocks from a wide variety of possible MCLK inputs, with particular focus
paid to the standard MCLK rates already widely used.

When the PLL is enabled,
fs = (PLLCLK_IN x K x R) / (NADCxMADCxAQOSR x P), where

P=123..8
R=12..16
K=J.D

J=1,2,3,..,63
D = 0000, 0001, 0002, 0003, ..., 9998, 9999
PLLCLK_IN can be MCLK or BCLK, selected by page 0 / register 4, bits D3-D2.

P, R, J, and D are register programmable. J is the integer portion of K (the numbers to the left of the decimal
point), whereas D is the fractional portion of K (the numbers to the right of the decimal point, assuming four digits
of precision).

Examples:

If K=8.5,then J =8, D =5000

If K=7.12,thenJ=7,D=1200

If K =14.03, then J = 14, D = 0300
If K = 6.0004, then J = 6, D = 0004

When the PLL is enabled and D = 0000, the following conditions must be satisfied to meet specified
performance:

512 kHz < (PLLCLK_IN / P) < 20 MHz

80 MHz < (PLLCLK _IN x K x R/ P) <110 MHz

4<J<55

When the PLL is enabled and D # 0000, the following conditions must be satisfied to meet specified
performance:
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10 MHz < PLLCLK _IN / P = 20 MHz

80 MHz < PLLCLK _IN x K x R/ P <110 MHz
4<J=<11

R=1

Example:

For MCLK = 12 MHz, f5 = 44.1 kHz, NADC = 8, MADC = 2, and AOSR = 128:
Select P =1, R=1, K=7.5264, which results inJ =7, D = 5264

Example:

For MCLK = 12 MHz, f5 = 48 kHz , NADC = 8, MADC = 2, and AOSR = 128:
Select P =1, R =1, K=8.192, which results in J =8, D = 1920

The following table lists several example cases of typical MCLK rates and how to program the PLL to achieve
sample rates of fg = 44.1 kHz or 48 kHz with NADC = 8, MADC = 2, and AOSR = 128.

fs = 44.1 kHz
MCLK (MHz) P R J D ACHIEVED fg % ERROR
2.8224 1 1 32 0 44,100.00 0.0000
5.6448 1 1 16 0 44,100.00 0.0000
12.0 1 1 7 5264 44,100.00 0.0000
13.0 1 1 6 9474 44,099.71 -0.0007
16.0 1 1 5 6448 44,100.00 0.0000
19.2 1 1 4 7040 44,100.00 0.0000
19.68 1 1 4 5893 44,100.30 0.0007
48.0 4 1 7 5264 44,100.00 0.0000
fg = 48 kHz
MCLK (MHz) P R J D ACHIEVED fg % ERROR
2.048 1 1 48 0 48,000.00 0.0000
3.072 1 1 32 0 48,000.00 0.0000
4.096 1 1 24 0 48,000.00 0.0000
6.144 1 1 16 0 48,000.00 0.0000
8.192 1 1 12 0 48,000.00 0.0000
12.0 1 1 8 1920 48,000.00 0.0000
13.0 1 1 7 5618 47,999.71 —0.0006
16.0 1 1 6 1440 48,000.00 0.0000
19.2 1 1 5 1200 48,000.00 0.0000
19.68 1 1 4 9951 47,999.79 -0.0004
48.0 4 1 8 1920 48,000.00 0.0000
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 25

Product Folder Links :TLV320ADC3101-Q1


http://www.ti.com/product/tlv320adc3101-q1?qgpn=tlv320adc3101-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS816B&partnum=TLV320ADC3101-Q1
http://www.ti.com/product/tlv320adc3101-q1?qgpn=tlv320adc3101-q1

13 TEXAS
INSTRUMENTS

TLV320ADC3101-Q1

SLAS816B —MARCH 2012—-REVISED AUGUST 2012 www.ti.com

A detailed diagram of the audio clock section of the TLV320ADC3101-Q1 is shown in Figure 31.

MCLK BCLK
BCLK is an input in slave mode
50 MHzyax + 13 MHzyax + P0:0x1B(27):3 [ADC Interface Control ] (Oh)

P0:0x04(4) [Clock-Gen Muxing] (0h) ADC_CLK ADC_MOD_CLK
PLL_CLK_IN REG * *

P0:0x1D(29)
Plgtll-l\_ngi-KlN [ADC Interface Control 2]
ooy (2h)

P0:0x05(5) [PLL P and R -VAL] (11h)
PLL P0:0x06(6) [PLL J-VAL] (4h) BDIV_CLKIN
P0:0x07(7) [PLL D-VAL MSB] (0h) 26 MHzyax
X(RxJ.D)/P | P0:0x08(8) [PLL D-VAL LSB] (0h) y
P0:0x1E(30)
MCLK BCLK PLL_CLK [BDIV N_VAL] (1h) =N
110 MH
50 MHZMAX* 13 MHZMAX+ | ZuAx N=1,2,...,127,128
P0:0x04(4)[Clock-Gen Muxing] (0h) *
CODEC_CLKIN REG BCLK
ADC_CLKIN BCLK is an output in master mode .
Y - P0:0x1B(27):3[ADC Interface Control 1]
P0:0x12(18)
+NADC [ADC NADC_VAL] (1h) MCLK BCLK PLL_CLK ADC_CLKADC_MOD_CLK
50 MHzyax| 13 MHzyax
NADC=1,2, .., 127,128 + +
ADC_CLK P0:0x19(25) [CLKOUT MUX] (Oh)
33 MHzyax
P0:0x13(19) C?:Xﬁilz'KlN
+MADC [ADC MADC_VAL] (1h) MAX
MADC =1,2, ..., 127,128 POOXIA2S)
+M [CLKOUT M_VAL] (1h)
ADC_MOD_CLK
6.5 MHzyax M=1,2,...,127,128
P0:0x14(20) l
+AOSR [ADC AOSR _VAL] (80h)

AOSR=1, 2, ... 255,256 CLKOUT (DOUT, GPIO1, GPIO2)

¢ P0:0x35(53)

[DOUT Control] (1Eh)

ADC_FS
100 kHzyax

Note:

MADC x AOSR > IADC

Where IADC number of instructions (Instruction Count) for the ADC MAC engine, it is programmable from 2, 4, ..., 510.
Convention:

Page Number: Register Number:{Register Bit}[Register Name](Reset Value)

Figure 31. Audio Clock Generation Processing
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STEREO AUDIO ADC

The TLV320ADC3101-Q1 includes a stereo audio ADC, which uses a delta-sigma modulator with 128-times
oversampling in single-rate mode, followed by a digital decimation filter. The ADC supports sampling rates from
8 kHz to 48 kHz in single-rate mode, and up to 96 kHz in dual-rate mode. Whenever the ADC is in operation, the
device requires that an audio master clock be provided and appropriate audio clock generation be set up within
the device.

In order to provide optimal system power dissipation, the stereo ADC can be powered one channel at a time, to
support the case where only mono record capability is required. In addition, both channels can be fully or partially
powered down.

The integrated digital decimation filter removes high-frequency content and downsamples the audio data from an
initial sampling rate of 128 fg to the final output sampling rate of f5. The decimation filter provides a linear phase
output response with a group delay of 17/fs. The —3 dB bandwidth of the decimation filter extends to 0.45 f5 and
scales with the sample rate (fs). The filter has minimum 73 dB attenuation over the stop band from 0.55 fs to 64
fs. Independent digital high-pass filters are also included with each ADC channel, with a corner frequency that
can be set independently by programmable coefficients or can be disabled entirely.

Because of the oversampling nature of the audio ADC and the integrated digital decimation filtering,
requirements for analog anti-aliasing filtering are relaxed. The TLV320ADC3101-Q1 integrates a second-order
analog anti-aliasing filter with 20-dB attenuation at 1 MHz. This filter, combined with the digital decimation filter,
provides sufficient anti-aliasing filtering without requiring additional external components.

The ADC is preceded by a programmable gain amplifier (PGA), which allows analog gain control from 0 dB to
40 dB in steps of 0.5 dB. The PGA gain changes are implemented with an internal soft-stepping algorithm that
only changes the actual volume level by one 0.5-dB step every one or two ADC output samples, depending on
the register programming (see register page 0 / register 81). This soft-stepping specifies that volume control
changes occur smoothly with no audible artifacts. On reset, the PGA gain defaults to a mute condition, and upon
power down, the PGA soft-steps the volume to mute before shutting down. A read-only flag is set whenever the
gain applied by PGA equals the desired value set by the register. The soft-stepping control can also be disabled
by programming a register bit.

AUDIO ANALOG INPUTS

Digital Volume Control

The TLV320ADC3101-Q1 also has a digital volume-control block with a range from —12dB to 20 dB in steps of
0.5 dB. It is set by programming page O / register 83 and page 0 / register 84 for the left and right channels,
respectively.

Table 3. Digital Volume Control for ADC

. . Left / Right Channel
Desired Gain j
dB Page 0 / Register 83 and Page 0/
Register 84, Bits D6-D0
-12 110 1000
-11.5 110 1001
-11 110 1010
-0.5 1111111
0 000 0000 (default)
0.5 000 0001
19.5 010 0111
20 010 1000
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During volume control changes, the soft-stepping feature is used to avoid audible artifacts. The soft-stepping rate
can be set to either 1 or 2 gain steps per sample. Soft-stepping can also be entirely disabled. This soft-stepping
is configured via page 0 / register 81, bits D1-D0, and is common to soft-stepping control for the analog PGA.
During power-down of an ADC channel, this volume control soft-steps down to —12 dB before powering down.
Due to the soft-stepping control, soon after changing the volume control setting or powering down the ADC
channel, the actual applied gain may be different from the one programmed through the control register. The
TLV320ADC3101-Q1 gives feedback to the user through the read-only flags in page 0 / register 36, bit D7 for the
left channel and page 0 / register 36, bit D3 for the right channel.

Fine Digital Gain Adjustment

Additionally, the gain in each of the channels is finely adjustable in steps of 0.1 dB. This is useful when trying to
match the gain between channels. By programming page O / register 82, the gain can be adjusted from O dB to
—0.4 dB in steps of 0.1 dB. This feature, in combination with the regular digital volume control, allows the gains
through the left and right channels be matched in the range of —0.5 dB to 0.5 dB with a resolution of 0.1 dB.

AGC

The TLV320ADC3101-Q1 includes automatic gain control (AGC) for ADC recording. AGC can be used to
maintain a nominally constant output level when recording speech. As opposed to manually setting the PGA
gain, in the AGC mode, the circuitry automatically adjusts the PGA gain as the input signal becomes overly loud
or very weak, such as when a person speaking into a microphone moves closer to or farther from the
microphone. The AGC algorithm has several programmable parameters, including target gain, attack and decay
time constants, noise threshold, and maximum PGA applicable, that allow the algorithm to be fine-tuned for any
particular application. The algorithm uses the absolute average of the signal (which is the average of the
absolute value of the signal) as a measure of the nominal amplitude of the output signal. Because the gain can
be changed at the sample interval time, the AGC algorithm operates at the ADC sample rate.

e Target level represents the nominal output level at which the AGC attempts to hold the ADC output signal
level. The TLV320ADC3101-Q1 allows programming of eight different target levels, which can be
programmed from -5.5 dB to —24 dB relative to a full-scale signal. Because the TLV320ADC3101-Q1 reacts
to the signal absolute average and not to peak levels, it is recommended that the target level be set with
enough margin to avoid clipping at the occurrence of loud sounds.

» Attack time determines how quickly the AGC circuitry reduces the PGA gain when the output signal level
exceeds the target level due to an increase in input signal level. A wide range of attack-time programmability
is supported in terms of number of samples (i.e., number of ADC sample-frequency clock cycles).

» Decay time determines how quickly the PGA gain is increased when the output signal level falls below the
target level due to a reduction in input signal level. A wide range of decay-time programmability is supported
in terms of number of samples (i.e., number of ADC sample-frequency clock cycles).

* Noise threshold. If the input signal level falls below the noise threshold, the AGC considers it as silence, and
thus brings down the gain to 0 dB in steps of 0.5 dB every sample period and sets the noise-threshold flag.
The gain stays at 0 dB unless the input signal average rises above the noise threshold setting. This keeps
noise from being amplified in the absence of signal. Noise threshold level in the AGC algorithm is
programmable from —30 dB to —90 dB of full scale. When the AGC noise threshold is set to —70 dB, —80 db,
or —90 dB, the microphone input maximum PGA applicable setting must be greater than or equal to 11.5 dB,
21.5 dB, or 31.5 dB, respectively. This operation includes hysteresis and debounce to prevent the AGC gain
from cycling between high gain and 0 dB when signals are near the noise threshold level. The noise (or
silence) detection feature can be entirely disabled by the user.

« Maximum PGA applicable allows the designer to restrict the maximum gain applied by the AGC. This can
be used for limiting PGA gain in situations where environmental noise is greater than the programmed noise
threshold. Microphone input maximum PGA can be programmed from 0 dB to 40 dB in steps of 0.5 dB.

» Hysteresis, as the name suggests, determines a window around the noise threshold which must be
exceeded to detect that the recorded signal is indeed either noise or signal. If initially the energy of the
recorded signal is greater than the noise threshold, then the AGC recognizes it as noise only when the
energy of the recorded signal falls below the noise threshold by a value given by hysteresis. Similarly, after
the recorded signal is recognized as noise, for the AGC to recognize it as a signal, its energy must exceed
the noise threshold by a value given by the hysteresis setting. In order to prevent the AGC from jumping
between noise and signal states, (which can happen when the energy of recorded signal is very close to the
noise threshold) a non-zero hysteresis value should be chosen. The hysteresis feature can also be disabled.

» Debounce time (noise and signal) determines the hysteresis in time domain for noise detection. The AGC
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continuously calculates the energy of the recorded signal. If the calculated energy is less than the set noise
threshold, then the AGC does not increase the input gain to achieve the target level. However, to handle
audible artifacts which can occur when the energy of the input signal is very close to the noise threshold, the
AGC checks if the energy of the recorded signal is less than the noise threshold for a time greater than the
noise debounce time. Similarly, the AGC starts increasing the input-signal gain to reach the target level when
the calculated energy of the input signal is greater than the noise threshold. Again, to avoid audible artifacts
when the input-signal energy is very close to noise threshold, the energy of the input signal must continuously
exceed the noise threshold value for the signal debounce time. If the debounce times are kept very small,
then audible artifacts can result by rapidly enabling and disabling the AGC function. At the same time, if the
debounce time is kept too large, then the AGC may take time to respond to changes in levels of input signals
with respect to noise threshold. Both noise and signal debounce time can be disabled.
The AGC noise threshold flag is a read-only flag indicating that the input signal has levels lower than the
noise threshold, and thus is detected as noise (or silence). In such a condition, the AGC applies a gain of
0 dB.
Gain applied by AGC is a read-only register setting which gives a real-time feedback to the system on the
gain applied by the AGC to the recorded signal. This, along with the target setting, can be used to determine
the input signal level. In a steady state situation

Target level (dB ) = gain applied by AGC (dB) + input signal level (dB)
When the AGC noise threshold flag is set, then the status of gain applied by AGC is not valid.
The AGC saturation flag is a read-only flag indicating that the ADC output signal has not reached its target
level. However, the AGC is unable to increase the gain further because the required gain is higher than the
maximum allowed PGA gain. Such a situation can happen when the input signal has very low energy and the
noise threshold is also set very low. When the AGC noise threshold flag is set, the status of the AGC
saturation flag should be ignored.
The ADC saturation flag is a read-only flag indicating an overflow condition in the ADC channel. On
overflow, the signal is clipped and distortion results. This typically happens when the AGC target level is kept
very high and the energy in the input signal increases faster than the attack time.
An AGC low-pass filter is used to help determine the average level of the input signal. This average level is
compared to the programmed detection levels in the AGC to provide the correct functionality. This low-pass
filter is in the form of a first-order IR filter. Two 8-bit registers are used to form the 16-bit digital coefficient, as
shown on the register map. In this way, a total of 6 registers are programmed to form the three IIR
coefficients. The transfer function of the filter implemented for signal-level detection is given by

Ng + Nz

Hz)= —2——
215 _ Dz "

where:
Coefficient NO can be programmed by writing into page 4 / register 2 and page 4 / register 3.
Coefficient N1 can be programmed by writing into page 4 / register 4 and page 4 / register 5.
Coefficient D1 can be programmed by writing into page 4 / register 6 and page 4 / register 7.
NO, N1, and D1 are 16-bit 2s-complement numbers, and their default values implement a low-pass filter
with cutoff at 0.002735 x ADC _fs .

See Table 4 for various AGC programming options. AGC can be used only if the analog microphone input is
routed to the ADC channel.

Table 4. AGC Parameter Settings

Function Conlfrec;It 'IzeDg(i:ster Corgigor:tR:giéter Bit

AGC enable Page 0 / register 86 Page 0 / register 94 D7

Target level Page 0 / register 86 Page 0 / register 94 D6-D4

Hysteresis Page 0 / register 87 Page 0 / register 95 D7-D6

Noise threshold Page 0 / register 87 Page 0 / register 95 D5-D1

Maximum PGA applicable Page 0/ register 88 Page 0 / register 96 D6-DO

Time constants (attack time) Page 0 / register 89 Page 0 / register 97 D7-DO

Time constants (decay time) Page 0 / register 90 Page 0 / register 98 D7-DO

Debounce time (noise) Page 0/ register 91 Page 0 / register 99 D4-DO
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 29

Product Folder Links :TLV320ADC3101-Q1


http://www.ti.com/product/tlv320adc3101-q1?qgpn=tlv320adc3101-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS816B&partnum=TLV320ADC3101-Q1
http://www.ti.com/product/tlv320adc3101-q1?qgpn=tlv320adc3101-q1

13 TEXAS

INSTRUMENTS
TLV320ADC3101-Q1
SLAS816B —MARCH 2012—REVISED AUGUST 2012 www.ti.com
Table 4. AGC Parameter Settings (continued)
. Control Register Control Register .
Function Left ADC Right ADC Bit
Debounce time (signal) Page 0/ register 92 Page 0 / register 100 D3-D0
Gain applied by AGC Page 0/ register 93 Page 0/ register 101 D7-D0 (read-only)
AGC noise-threshold flag Page 0/ register 45 (sticky flag), Page 0/ register 45 (sticky flag), D6-D5 (read-only)
Page 0 / register 47 (non-sticky flag) | Page O / register 47 (non-sticky
flag)
AGC saturation flag Page 0 / register 36 (sticky flag) Page 0 / register 36 (sticky flag) D5, D1 (read-only)
ADC saturation flag Page 0/ register 42 (sticky flag), Page 0 / register 42 (sticky flag), D3-D2 (read-only)
Page 0 / register 43 (non-sticky flag) | Page O / register 43 (non-sticky
flag)
e\ soacmmsscansaasammnnsammirssnnannnt {
Signal
Output Target
Signal Level
| ! |
| |
| | |
| |
AGC : | |
Gain | | !
\ | | |
| |
I'<— Decay Time —>: - A_Igack <
ime

Figure 32. AGC Characteristics

The TLV320ADC3101-Q1 includes three analog audio input pins, which can be configured as three fully
differential inputs, three single-ended audio inputs, or any variation thereof. These pins connect through series
resistors and switches to the virtual ground terminals of two fully differential operational amplifiers (one per
ADC/PGA channel). By selecting to turn on only one set of switches per operational amplifier at a time, the inputs
can be effectively multiplexed to each ADC PGA channel.

By selecting to turn on multiple sets of switches per operational amplifier at a time, mixing can also be achieved.
Mixing of multiple inputs can easily lead to PGA outputs that exceed the range of the internal operational
amplifiers, resulting in saturation and clipping of the mixed output signal. Whenever mixing is being implemented,
the user should take adequate precautions to avoid such a saturation case from occurring. In general, the mixed
signal should not exceed 2 V,, (single-ended) or 4 V,, (differential).

In most mixing applications, there is also a general need to adjust the levels of the individual signals being
mixed. For example, if a soft signal and a large signal are to be mixed and played together, the soft signal
generally should be amplified to a level comparable to the large signal before mixing. In order to accommodate
this need, the TLV320ADC3101-Q1 includes input level control on each of the individual inputs before they are
mixed or multiplexed into the ADC PGAs, with programmable attenuation at O dB, —6 dB, or off. Note that this
input-level control is not intended to be a volume control, but instead used for coarse level setting. Finer soft-
stepping of the input level is implemented in this device by the ADC PGA.
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IN1L(P)

INTL(P) O AGC
IN2L(P) O IN2L(P)
IN3L(M) O IN3L(M)
PGA
_— _IN1R(M) 'I> 0/+40dB ADC >
0.5dB Steps
IN1L(P)
G INTR(M) &
IN2L(P)
|
TN3L(M)
IN2R(P)
|
IN3R(M)
All coarse stage attenuations are set to 0 dB, —6 dB, or Off by register setting.
The default is all the switches are off at startup.
INIRM) O AGC
IN2R(P) O
IN3RM) O A
PGA
0/+40dB » ADC »
0.5dB Steps
_/
IN3R(M)
IN2L(P)

TN3L(M)

Figure 33. TLV320ADC3101-Q1 Available Audio Input Path Configurations

Table 5. TLV320ADC3101-Q1 Audio Signals

Audio Signals Available to

Audio Signals Available to Left ADC Right ADC

Single-Ended Inputs

Differential Inputs

Single-Ended Inputs

Differential Inputs

IN1L(P) IN1L(P), INIR(M) INIR(M) INIL(P), INIR(M)
IN2L(P) IN2L(P), IN3L(M) IN2R(P) IN2R(P), IN3R(M)
IN3L(M) IN2R(P), IN3R(M) IN3R(M) IN2L(P), IN3L(M)
INIR(M) IN1L(P)

Inputs can be selected as single-ended instead of fully differential, and mixing or multiplexing into the ADC PGAs
is also possible in this mode. It is not possible, however, for an input pair to be selected as fully-differential for
connection to one ADC PGA and simultaneously selected as single-ended for connection to the other ADC PGA
channel. However, it is possible for an input to be selected or mixed into both left and right channel PGAs, as
long as it has the same configuration for both channels (either both single-ended or both fully differential).
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INPUT IMPEDANCE AND VCM CONTROL

The TLV320ADC3101-Q1 includes several programmable settings to control analog input pins, particularly when
they are not selected for connection to an ADC PGA. The default option allows unselected inputs to be put into a
high-impedance state, such that the input impedance seen looking into the device is extremely high. Note,
however, that the pins on the device do include protection diode circuits connected to AVDD and AVSS. Thus, if
any voltage is driven onto a pin approximately one diode drop (~0.6 V) above AVDD or one diode drop below
AVSS, these protection diodes will begin conducting current, resulting in an effective impedance that no longer
appears as a high-impedance state.

Another programmable option for unselected analog inputs is to weakly hold them at the common-mode input
voltage of the ADC PGA (which is determined by an internal band-gap voltage reference). This is useful to keep
the ac-coupling capacitors connected to analog inputs biased up at a normal dc level, thus avoiding the need for
them to charge up suddenly when the input is changed from being unselected to selected for connection to an
ADC PGA. This option is controlled in page 1 / register 52 through page 1 / register 57. The user should make
sure this option is disabled when an input is selected for connection to an ADC PGA or selected for the analog
input bypass path, because it can corrupt the recorded input signal if left operational when an input is selected.

In most cases, the analog input pins on the TLV320ADC3101-Q1 should be ac-coupled to analog input sources,
the only exception to this generally being if an ADC is being used for dc voltage measurement. The ac-coupling
capacitor causes a high-pass filter pole to be inserted into the analog signal path, so the size of the capacitor
must be chosen to move that filter pole sufficiently low in frequency to cause minimal effect on the processed
analog signal. The input impedance of the analog inputs, when selected for connection to an ADC PGA, varies
with the setting of the input-level control, starting at approximately 35 kQ with an input-level control setting of
0 dB, and 62.5-kQ when the input-level control is set at —6 dB. For example, using a 0.1-uF ac-coupling capacitor
at an analog input results in a high-pass filter pole of 45.5 Hz when the 0-dB input-level control setting is
selected. To set a high-pass corner for the application, the following input-impedance table has been provided
with various mixer gains and microphone PGA ranges.

Table 6. Single-Ended Input Impedance vs PGA Ranges &

Mixer Gain (dB) Microphone PGA Range (dB) Input Impedance (Ohms)
0 0-5.5 35,000
0 6-11.5 38,889
0 12-17.5 42,000
0 18-23.5 44,074
0 24-29.5 45,294
0 30-35.5 45,960
0 36-40 46,308
-6 0-5.5 62,222
-6 6-11.5 70,000
—-6 12-17.5 77,778
-6 18-23.5 84,000
-6 24-29.5 88,148

-6 30-35.5 90,588
-6 36-40 91,919

(1) Valid when only one input is enabled

MICBIAS GENERATION

The TLV320ADC3101-Q1 includes two programmable microphone bias outputs (MICBIAS1, MICBIAS2), each
capable of providing output voltages of 2 V or 2.5 V (both derived from the on-chip band-gap voltage) with 4-mA
output-current drive capability. In addition, the MICBIAS outputs may be programmed to be switched to AVDD
directly through an on-chip switch, or it can be powered down completely when not needed, for power savings.
This function is controlled by register programming in page 1 / register 51.
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ADC Decimation Filtering and Signal Processing

The TLV320ADC3101-Q1 ADC channel includes a built-in digital decimation filter to process the oversampled
data from the delta-sigma modulator to generate digital data at the Nyquist sampling rate with high dynamic
range. The decimation filter can be chosen from three different types, depending on the required frequency
response, group delay and sampling rate.

Processing Blocks

The TLV320ADC3101-Q1 offers a range of processing blocks which implement various signal processing
capabilities along with decimation filtering. These processing blocks give users the choice of how much and what
type of signal processing they may use and which decimation filter is applied.

The signal processing blocks available are:

» First-order IIR

» Scalable number of biquad filters

e Variable-tap FIR filter

« AGC

The processing blocks are tuned for common cases and can achieve high anti-alias filtering or low group delay in
combination with various signal processing effects such as audio effects and frequency shaping. The available

first-order IIR, biquad, and FIR filters have fully user-programmable coefficients. ADC processing blocks can be
selected by writing to page 0 / register 61. The default (reset) processing block is PRB_R1.

Table 7. ADC Processing Blocks

Processing Channel Decimation First-Qrder Nu.mber of FIR Required AOSR Instruction
Blocks Filter IIR Available Biquads Value Count
PRB_R1 Stereo A Yes 0 No 128, 64 188
PRB_R2 Stereo A Yes 5 No 128, 64 240
PRB_R3 Stereo A Yes 0 25-tap 128, 64 236
PRB_R4 Right A Yes 0 No 128, 64 96
PRB_R5 Right A Yes 5 No 128, 64 120
PRB_R6 Right A Yes 0 25-tap 128, 64 120
PRB_R7 Stereo B Yes 0 No 64 88
PRB_R8 Stereo B Yes 3 No 64 120
PRB_R9 Stereo B Yes 0 20-tap 64 128

PRB_R10 Right B Yes 0 No 64 46
PRB_R11 Right B Yes 3 No 64 60
PRB_R12 Right B Yes 0 20-tap 64 64
PRB_R13 Right C Yes 0 No 32 70
PRB_R14 Stereo C Yes 5 No 32 124
PRB_R15 Stereo C Yes 0 25-tap 32 120
PRB_R16 Right C Yes 0 No 32 36
PRB_R17 Right C Yes 5 No 32 64
PRB_R18 Right c Yes 0 25-tap 32 62
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Processing Blocks — Details

First-Order IIR, AGC, Filter A
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Filter A
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Figure 34. Signal Chain for PRB_R1 and PRB_R4
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Figure 35. Signal Chain for PRB_R2 and PRB_R5
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Figure 36. Signal Chain for PRB_R3 and PRB_R6
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Figure 37. Signal Chain for PRB_R7 and PRB_R10
Three Biquads, First-Order IIR, AGC, Filter B
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Figure 38. Signal Chain for PRB_R8 and PRB_R11
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Figure 39. Signal Chain for PRB_R9 and PRB_R12
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Figure 40. Signal Chain for PRB_R13 and PRB_R16
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Figure 41. Signal Chain for PRB_R14 and PRB_R17
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Figure 42. Signal for PRB_R15 and PRB_R18

User-Programmable Filters

Depending on the selected processing block, different types and orders of digital filtering are available. A first-
order IIR filter is always available, and is useful to filter out possible dc components of the signal efficiently. Up to
five biquad sections, or alternatively up to 25-tap FIR filters, are available for specific processing blocks. The
coefficients of the available filters are arranged as sequentially indexed coefficients in two banks. If adaptive
filtering is chosen, the coefficient banks can be switched while the processor is running.
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The coefficients of these filters are each 16 bits wide, in 2s-complement format, and occupy two consecutive 8-
bit registers in the register space, as shown in Table 8. Specifically, the filter coefficients are in 1.15 (one dot 15)
format with a range from —1.0 (0x8000) to 0.999969482421875 (0x7FFF), as shown in Figure 43.

2 7 Bit
-4 . e
2 " Bit Largest Positive Number:
=0.1111 1111 1111 111
2> Bit =0.999969482421875=1.0 - 1 LSB
: Largest Negative Number:
Fract
ot =1.0000 0000 0000 000
= 0x8000 = —1.0 (by definition)
Sign Bit - w v

S . XXXX XXXX XXXX XXX

Figure 43. 2s-Complement Coefficient Format

First-Order IIR Section

The transfer function for the first-order IIR filter is given by Equation 2.

Ny + Nz
H@) = o —
2" - Dyz )
The frequency response for the first-order lIR section with default coefficients is flat at a gain of 0 dB.
Table 8. ADC First-Order IIR Filter Coefficients
Filter Fliter Coefficient ADC Coefficient, Left Channel ADC Coefficient, Right Channel
NO C4 (page 4 / register 8, 9) C36 (page 4 / register 72, 73)
First-order IIR N1 C5 (page 4 / register 10, 11) C37 (page 4 / register 74, 75)
D1 C6 (page 4 / register 12, 13) C38 (page 4 / register 76, 77)
Biquad Section
The transfer function of each of the biquad filters is given by Equation 3.
Hz) = Ng +2 xNz™' + N,z 2
T 515 -1 2
2 —2 X D1Z —D2Z (3)

The frequency response for each of the biquad sections with default coefficients is flat at a gain of 0 dB.

Table 9. ADC Biquad Filter Coefficients

Filter Fliter Coefficient ADC Coefficient, Left Channel ADC Coefficient, Right Channel
BIQUAD A NO C7 (page 4 / register 14, 15) C39 (page 4 / register 78, 79)
N1 C8 (page 4 / register 16, 17) C40 (page 4 / register 80, 81)
N2 C9 (page 4 / register 18, 19) C41 (page 4 / register 82, 83)
D1 C10 (page 4 / register 20, 21) C42 (page 4 / register 84, 85)
D2 C11 (page 4 / register 22, 23) C43 (page 4 / register 86, 87)
BIQUAD B NO C12 (page 4 / register 24, 25) C44 (page 4 / register 88, 89)
N1 C13 (page 4 / register 26, 27) C45 (page 4 / register 90, 91)
N2 C14 (page 4 / register 28, 29) C46 (page 4 / register 92, 93)
D1 C15 (page 4 / register 30, 31) CA47 (page 4 / register 94, 95)
D2 C16 (page 4 / register 32, 33) C48 (page 4 / register 96, 97)
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Table 9. ADC Biquad Filter Coefficients (continued)

Filter Fliter Coefficient ADC Coefficient, Left Channel ADC Coefficient, Right Channel
BIQUAD C NO C17 (page 4 / register 34, 35) C49 (page 4 / register 98, 99)
N1 C18 (page 4 / register 36, 37) C50 (page 4 / register 100, 101)
N2 C19 (page 4 / register 38, 39) C51 (page 4 / register 102, 103)
D1 C20 (page 4 / register 40, 41) C52 (page 4 / register 104, 105)
D2 C21 (page 4 / register 42, 43) C53 (page 4 / register 106, 107)
BIQUAD D NO C22 (page 4 / register 44, 45) C54 (page 4 / register 108, 109)
N1 C23 (page 4 / register 46, 47) C55 (page 4 / register 110, 111)
N2 C24 (page 4 / register 48, 49) C56 (page 4 / register 112,113)
D1 C25 (page 4 / register 50, 51) C57 (page 4 / register 114, 115)
D2 C26 (page 4 / register 52, 53) C58 (page 4 / register 116, 117)
BIQUAD E NO C27 (page 4 / register 54, 55) C59 (page 4 / register 118, 119)
N1 C28 (page 4 / register 56, 57) C60 (page 4 / register 120, 121)
N2 C29 (page 4 / register 58, 59) C61 (page 4 / register 122,123)
D1 C30 (page 4 / register 60, 61) C62 (page 4 / register 124, 125)
D2 C31 (page 4 / register 62, 63) C63 (page 4 / register 126, 127)
FIR Section

Six of the available ADC processing blocks offer FIR filters for signal processing. PRB_R9 and PRB_R12 feature
a 20-tap FIR filter, whereas the processing blocks PRB_R3, PRB_R6, PRB_R15, and PRB_R18 feature a 25-tap

FIR filter.

M
H(z) = > FIR,z™"

n=0

M =24 for PRB_R3,PRB_R6,PRB_R15,and PRB_R18

M =19 for PRB_R9 and PRB_R12

“

The coefficients of the FIR filters are 16-bit 2s-complement format and correspond to the ADC coefficient space
as listed in Table 10. There is no default transfer function for the FIR filter. When the FIR filter is used, all
applicable coefficients must be programmed.

Table 10. ADC FIR Filter Coefficients

Filter Coefficient ADC Coefficient, Left Channel ADC Coefficient, Right Channel
FIRO C7 (page 4 / register 14, page 4 / register 15) C39 (page 4 / register 78, page 4 / register 79)
FIR1 C8 (page 4 / register 16, page 4 / register 17) C40 (page 4 / register 80, page 4 / register 81)
FIR2 C9 (page 4 / register 18, page 4 / register 19) C41 (page 4 / register 82, page 4 / register 83)
FIR3 C10 (page 4 / register 20, page 4 / register 21) C42 (page 4 / register 84, page 4 / register 85)
FIR4 C11 (page 4 / register 22, page 4 / register 23) C43 (page 4 / register 86, page 4 / register 87)
FIR5 C12 (page 4 / register 24, page 4 / register 25) C44 (page 4 / register 88, page 4 / register 89)
FIR6 C13 (page 4 / register 26, page 4 / register 27) C45 (page 4 / register 90, page 4 / register 91)
FIR7 C14 (page 4 / register 28, page 4 / register 29) C46 (page 4 / register 92, page 4 / register 93)
FIR8 C15 (page 4 / register 30, page 4 / register 31) CA47 (page 4 / register 94, page 4 / register 95)
FIR9 C16 (page 4 / register 32, page 4 / register 33) C48 (page 4 / register 96, page 4 / register 97)
FIR10 C17 (page 4 / register 34, page 4 / register 35) C49 (page 4 / register 98, page 4 / register 99)
FIR11 C18 (page 4 / register 36, page 4 / register 37) C50 (page 4 / register 100, page 4 / register 101)
FIR12 C19 (page 4 / register 38, page 4 / register 39) C51 (page 4 / register 102, page 4 / register 103)
FIR13 C20 (page 4 / register 40, page 4 / register 41) C52 (page 4 / register 104, page 4 / register 105)
FIR14 C21 (page 4 / register 42, page 4 / register 43) C53 (page 4 / register 106, page 4 / register 107)
FIR15 C22 (page 4 / register 44, page 4 / register 45) C54 (page 4 / register 108, page 4 / register 109)
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Table 10. ADC FIR Filter Coefficients (continued)

Filter Coefficient ADC Coefficient, Left Channel ADC Coefficient, Right Channel
FIR16 C23 (page 4 / register 46, page 4 / register 47) C55 (page 4 / register 110, page 4 / register 111)
FIR17 C24 (page 4 / register 48, page 4 / register 49) C56 (page 4 / register 112, page 4 / register 113)
FIR18 C25 (page 4 / register 50, page 4 / register 51) C57 (page 4 / register 114, page 4 / register 115)
FIR19 C26 (page 4 / register 52, page 4 / register 53) C58 (page 4 / register 116, page 4 / register 117)
FIR20 C27 (page 4 / register 54, page 4 / register 55) C59 (page 4 / register 118, page 4 / register 119)
FIR21 C28 (page 4 / register 56, page 4 / register 57) C60 (page 4 / register 120, page 4 / register 121)
FIR22 C29 (page 4 / register 58, page 4 / register 59) C61 (page 4 / register 122, page 4 / register 123)
FIR23 C30 (page 4 / register 60, page 4 / register 61) C62 (page 4 / register 124, page 4 / register 125)
FIR24 C31 (page 4 / register 62, page 4 / register 63) C63 (page 4 / register 126, page 4 / register 127)

Decimation Filter

The TLV320ADC3101-Q1 offers three different types of decimation filters. The integrated digital decimation filter
removes high-frequency content and downsamples the audio data from an initial sampling rate of AOSR x fg to
the final output sampling rate of fs. The decimation filtering is achieved using a higher-order CIC filter followed by
linear-phase FIR filters. The decimation filter cannot be chosen by itself; it is implicitly set through the chosen
processing block.

The following subsections describe the properties of the available filters A, B, and C.
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Decimation Filter A

This filter is intended for use at sampling rates up to 48 kHz. When configuring this filter, the oversampling ratio
of the ADC can either be 128 or 64. For highest performance, the oversampling ratio must be set to 128. Filter A
can also be used for 96 kHz at an AOSR of 64.

Table 11. Specification for ADC Decimation Filter A

Parameter | Condition | Value (Typical) ‘ Unit
AOSR =128
Filter gain pass band 0-0.39 fg 0.062 dB
Filter gain stop band 0.55-64 fg -73 dB
Filter group delay 17/ S
Pass-band ripple, 8 ksps 0-0.39 fg 0.062 dB
Pass-band ripple, 44.18 ksps 0-0.39 fg 0.05 dB
Pass-band ripple, 48 ksps 0-0.39 fg 0.05 dB
AOSR = 64
Filter gain pass band 0-0.39 fg 0.062 dB
Filter gain stop band 0.55-32 fg -73 dB
Filter group delay 17/ S
Pass-band ripple, 8 ksps 0-0.39 fg 0.062 dB
Pass-band ripple, 44.18 ksps 0-0.39 fg 0.05 dB
Pass-band ripple, 48 ksps 0-0.39 fg 0.05 dB
Pass-band ripple, 96 ksps 0-20 kHz 0.1 dB

Magnitude — dB

ADC Channel Response for Decimation Filter A
(Red line corresponds to —73 dB)

0 02 04 06 08 1 12 14 16 18 2

Frequency Normalized With Respect to fg

Figure 44. ADC Decimation Filter A, Frequency Response
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Decimation Filter B
Filter B is intended to support sampling rates up to 96 kHz at an oversampling ratio of 64.
Table 12. Specification for ADC Decimation Filter B
Parameter ‘ Condition ‘ Value (Typical) | Unit
AOSR =64
Filter gain pass band 0-0.39 fg +0.077 dB
Filter gain stop band 0.6 fs—32 fg —46 dB
Filter group delay 11/g S
Pass-band ripple, 8 ksps 0-0.39 fg 0.076 dB
Pass-band ripple, 44.18 ksps 0-0.39 fg 0.06 dB
Pass-band ripple, 48 ksps 0-0.39 fg 0.06 dB
Pass-band ripple, 96 ksps 0-20 kHz 0.11 dB
ADC Channel Response for Decimation Filter A
0 (Red line corresponds to —44 dB)
—AOF
20k
% 30 e
1
O —4OF b
©
2
B BO e N
g
= _60 L. SRR ...... -
_70 .................... . PP SN Bl
-80 ATy :
0 02 04 06 08 1 12 14 16 18 2
Frequency Normalized With Respect to fg
Figure 45. ADC Decimation Filter B, Frequency Response
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Decimation Filter C

Filter type C along with an AOSR of 32 is specially designed for 192-ksps operation of the ADC. The pass band,
which extends up to 0.11 x fg (corresponds to 21 kHz), is suited for audio applications.

Table 13. Specifications for ADC Decimation Filter C

Parameter Condition Value (Typical) Unit
Filter gain from 0 to 0.11 fg 0-0.11 fg +0.033 dB
Filter gain from 0.28 fg5 to 16 fg 0.28 f-16 fg -60 dB
Filter group delay 11/g S
Pass-band ripple, 8 ksps 0-0.11 fg 0.033 dB
Pass-band ripple, 44.18 ksps 0-0.11 fg 0.033 dB
Pass-band ripple, 48 ksps 0-0.11 fg 0.032 dB
Pass-band ripple, 96 ksps 0-0.11 fg 0.032 dB
Pass-band ripple, 192 ksps 0-20 kHz 0.086 dB

ADC Channel Response for Decimation Filter C
0 (Red line corresponds to —60 dB)

Magnitude — dB

—100 |- 1

0 02 04 06 08 1 12 1.4 16 18 2
Frequency Normalized With Respect to fg

Figure 46. ADC Decimation Filter C, Frequency Response

ADC Data Interface

The decimation filter and signal processing block in the ADC channel passes 32-bit data words to the audio
serial interface once every frame (WCLK). During each frame (WCLK), a pair of data words (for left and right
channels) is passed. The audio serial interface rounds the data to the required word length of the interface
before converting to serial data per the different modes for audio serial interface.

Digital Microphone Function

In addition to supporting analog microphones, the TLV320ADC3101-Q1 also interfaces to digital microphones.
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Figure 47. Digital Microphone in TLV320ADC3101-Q1

The TLV320ADC3101-Q1 outputs internal clock ADC_MOD_CLK on the DMCLK pin (page O / register 51,
bits D5-D2) or DMDIN pin (page 0 / register 52, bits D5-D2). This clock can be connected to the external digital
microphone device. The single-bit output of the external digital microphone device can be connected to DMDIN
or DMCLK pins. Internally, the TLV320ADC3101-Q1 latches the steady value of data on a selectable edge (page
0 / register 80, bit D1) of ADC_MOD_CLK for the left ADC channel, and the steady value of data on a selectable
edge (page 0 / register 80, bit DO) for the right ADC channel.

ADC_MOD_CLK ’
LEFT LEFT LEFT LEFT LEFT LEFT

DMDIN or DMCLK or or or or or or
RIGHT RIGHT RIGHT RIGHT RIGHT RIGHT

Figure 48. Timing Diagram for Digital Microphone Interface

The digital-microphone mode can be selectively enabled for only-left, only-right, or stereo channels. When the
digital microphone mode is enabled, the analog section of the ADC can be powered down and bypassed for
power efficiency. The AOSR value for the ADC channel must be configured to select the desired decimation ratio
to be achieved based on the external digital microphone properties. Following the CIC filter is a stereo digital
volume control, where left and right volume are adjusted by writing to page 0 / register 83 and page 0 /
register 84, respectively. Next is the miniDSP, where the processing blocks can be selected or custom
processing can be used. The processed digital microphone signal is then output at the DOUT pin.

CONTROL REGISTERS

The control registers for the TLV320ADC3101-Q1 are described in detail as follows. All registers are 8 bits in
width, with D7 referring to the most-significant bit of each register and DO referring to the least-significant bit.

Pages 0, 1, 4, 5, and 32—-47 are available. All other pages are reserved. Do not read from or write to reserved
pages.

The procedure for register access is:

» Select page N (Write data N to register O regardless of the current page number).

* Read or write data from/to valid registers in page N.

» Select new page M (Write data M to register 0 regardless of the current page number).

» Read or write data from/to valid registers in page M.
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Repeat as desired

Table 14. Page / Register Map

PAGE 0: (Clock Multipliers and Dividers, Serial Interfaces, Flags, Interrupts and Programming of GPIOs)

Register No. Register Name

0 Page control register
1 S/W RESET
2 Reserved
3 Reserved
4 Clock-gen multiplexing
5 PLL P and R-VAL
6 PLL J-VAL
7 PLL D-VAL MSB
8 PLL D-VAL LSB

9-17 Reserved
18 ADC NADC
19 ADC MADC
20 ADC AOSR
21 ADC IADC
22 ADC miniDSP engine decimation

23-24 Reserved
25 CLKOUT MUX
26 CLKOUT M Divider
27 ADC audio interface control 1
28 Data slot offset programmability 1 (Ch_Offset 1)
29 ADC interface control 2
30 BCLK N Divider
31 Secondary audio interface control 1
32 Secondary audo interface control 2
33 Secondary audio interface control 3
34 1°S sync
35 Reserved
36 ADC flag register
37 Data slot offset progammability 2 (Ch_Offset_2)
38 1S TDM control register

39-41 Reserved
42 Interrupt flags (overflow)
43 Interrupt flags (overflow)
44 Reserved
45 Interrupt flags—ADC
46 Reserved
47 Interrupt flags—ADC
48 INT1 interrupt control
49 INT2 interrupt control
50 Reserved
51 DMCLK/GPIO2 control
52 DMDIN/GPIO1 control
53 DOUT (out pin) control

54-56 Reserved
57 ADC sync control 1
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Table 14. Page / Register Map (continued)

58 ADC sync control 2
59 ADC CIC filter gain control
60 Reserved
61 ADC processing block selection
62 Programmable instruction mode control bits
63-79 Reserved
80 Digital microphone polarity control
81 ADC digital
82 ADC fine volume control
83 Left ADC volume control
84 Right ADC volume control
85 ADC phase compensation
86 Left AGC control 1
87 Left AGC control 2
88 Left AGC maximum gain
89 Left AGC attack time
90 Left AGC decay time
91 Left AGC noise debounce
92 Left AGC signal debounce
93 Left AGC gain
94 Right AGC control 1
95 Right AGC control 2
96 Right AGC maximum gain
97 Right AGC attack time
98 Right AGC decay time
99 Right AGC noise debounce
100 Right AGC signal debounce
101 Right AGC gain
102-127 Reserved
PAGEL: (ADC Routing, PGA, Power-Controls, Etc.)
Register No. Register Name
0 Page control register
1-25 Reserved
26 Dither control
27-50 Reserved
51 MICBIAS control
52 Left ADC input selection for left PGA
53 Reserved
54 Left ADC input selection for left PGA
55 Right ADC input selection for right PGA
56 Reserved
57 Right ADC input selection for right PGA
58 Reserved
59 Left analog PGA setting
60 Right analog PGA setting
61 ADC low-current modes
62 ADC analog PGA flags
63-127 Reserved
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Table 14. Page / Register Map (continued)

PAGE 2: Reserved. Do not read or write to this page.

PAGE 3: Reserved. Do not read or write to this page.

PAGE 4: ADC Programmable Coefficients RAM (1:63)

PAGE 5: ADC Programmable Coefficients RAM (65:127)

PAGES 6-31: Reserved. Do not read from or write to these pages.

PAGES 32-47: ADC DSP Instruction RAM (Inst_0-Inst_511)
Page 32 Instructions Inst_0-Inst_31
Page 33 Instructions Inst_32-Inst_63
Page 34 Instruction Inst_64—Inst_95

Page 47 Instruction Inst_480-Inst_511

PAGES 48-255: Reserved. Do not read from or write to these pages.

Control Registers, Page 0: Clock Multipliers and Dividers, Serial Interfaces, Flags, Interrupts
and Programming of GPIOs

Table 15. Page 0/ Register 0: Page Control Register®
READ/ | RESET
WRITE | VALUE DESCRIPTION

D7-D0 R/W 0000 0000 | 0000 0000: Page O selected
0000 0001: Page 1 selected

BIT

1111 1110: Page 254 selected (reserved)
1111 1111: Page 255 selected (reserved)

(1) Valid pages are 0, 1, 4, 5, 32-47. All other pages are reserved (do not access).

Table 16. Page 0/ Register 1: Software Reset

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D1 R 0000 000 | Reserved. Write only zeros to these bits.
DO W 0 0: Don't care
1: Self-clearing software reset for control register

Table 17. Page 0/ Register 2: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D0 R 0000 0000 | Reserved. Do not write any value other than reset value.
Table 18. Page 0/ Register 3: Reserved
BIT READ/ RESET DESCRIPTION

WRITE VALUE
D7-DO R XXXX XXXX | Reserved. Do not write to this register.
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Table 19. Page 0/ Register 4: Clock-Gen Multiplexing®

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D4 R 0000 Reserved. Do not write any value other than reset value.
D3-D2 R/W 00 00: PLL_CLKIN = MCLK (device pin)
01: PLL_CLKIN = BCLK (device pin)
10: Reserved. Do not use.
11: PLL_CLKIN = logic level 0
D1-DO | R/W 00 00: CODEC_CLKIN = MCLK (device pin)
01: CODEC_CLKIN = BCLK (device pin)
10: Reserved. Do not use.
11: CODEC_CLKIN = PLL_CLK (generated on-chip)

(1) Refer to for more details on clock generation multiplexing and dividers.

Table 20. Page 0/ Register 5: PLL P and R-VAL

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: PLL is powered down.
1: PLL is powered up.
D6-D4 R/W 001 000: PLL divider P =8
001: PLL divider P =1
010: PLL divider P =2
.1“10: PLL divider P = 6
111: PLL divider P =7
D3-DO0 R/W 0001 0000: PLL multiplier R = 16
0001: PLL multiplier R =1
0010: PLL multiplier R = 2
1110: PLL multiplier R = 14
1111: PLL multiplier R = 15
Table 21. Page 0/ Register 6: PLL J-VAL
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D6 R/W 00 Reserved. Write only zeros to these bits.
D5-D0 R/W 00 0100 00 0000: Don't use (reserved)
00 0001: PLL multiplier J =1
00 0010: PLL multiplier J =2
00 0011: PLL multiplier J =3
00 0100: PLL multiplier J = 4 (Default)
11 1110: PLL multiplier J = 62
11 1111: PLL multiplier J = 63
Table 22. Page 0/ Register 7: PLL D-VAL MSB®
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D6 R/W 00 Reserved. Write only zeros to these bits.
D5-D0 R/W 00 0000 PLL fractional multiplier D13-D8

(1) Page 0/ Register 7 will be updated when Page 0 / Register 8 is written immediately after Page 0 / Register 7 is written.

Table 23. Page 0/ Register 8: PLL D-VAL LSB®

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO | R/W 0000 0000 | PLL fractional multiplier D7-DO

(1) Page 0/ Register 8 must be written immediately after writing to Page 0 / Register 7.
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Table 24. Page 0/ Register 9 Through Page 0/ Register 17: Reserved
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0 R XXXX XXXX | Reserved. Do not write to these registers.
Table 25. Page 0/ Register 18: ADC NADC Clock Divider
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7 R/W 0 NADC Clock Divider Power Control:
0: NADC clock divider is powered down
1: NADC clock divider is powered up
D6-DO0 R/W 000 0001 NADC Value:
000 0000: NADC clock divider = 128
000 0001: NADC clock divider = 1
000 0010: NADC clock divider = 2
111 1110: NADC clock divider = 126
111 1111: NADC clock divider = 127
Table 26. Page 0/ Register 19: ADC MADC Clock Divider
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7 R/W 0 0: ADC MADC clock divider is powered down
1: ADC MADC clock divider is powered up
D6-DO0 R/IW 000 0001 |000 0000: MADC clock divider = 128
000 0001: MADC clock divider = 1
000 0010: MADC clock divider = 2
111 1110: MADC clock divider = 126
111 1111: MADC clock divider = 127
Table 27. Page 0/ Register 20: ADC AOSR®
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO R/W 1000 0000 |ADC Oversampling Value (AOSR):
0000 0000: AOSR = 256
0000 0001: AOSR =1
0000 0010: AOSR =2
1111 1110: AOSR = 254
1111 1111: AOSR = 255
(1) AOSR should be an integral multiple of the ADC decimation factor.
Table 28. Page 0/ Register 21: ADC IADC®
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D0O R/W 1000 0000 | 0000 0000: Reserved. Do not use.
Number of instructions for ADC miniDSP (IADC):
0000 0001: IADC =2
0000 0010: IADC =4
1011 1111: IADC = 382
1100 0000: IADC = 384
1100 0001-1111 1111:1ADC = up to 510
(1) IADC should be an integral multiple of the ADC decimation factor.
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Table 29. Page 0/ Register 22: ADC miniDSP Engine Decimation
READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7-D4 R 0000 Reserved. Do not write any value other than reset value.
D3-D0 R/W 0100 0000: Decimation ratio in ADC miniDSP engine = 16

0001: Decimation ratio in ADC miniDSP engine = 1
0010: Decimation ratio in ADC miniDSP engine = 2

1i01: Decimation ratio in ADC miniDSP engine = 13
1110: Decimation ratio in ADC miniDSP engine = 14
1111: Decimation ratio in ADC miniDSP engine = 15

Table 30. Page 0/ Register 23 Through Page 0/ Register 24: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D0O R XXXX XXXX | Reserved. Do not write to these registers.

Table 31. Page 0/ Register 25: CLKOUT MUX

READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7-D3 R 0000 O Reserved. Do not write any value other than reset value.
D2-D0O R/W 000 000: CDIV_CLKIN = MCLK (device pin)

001: CDIV_CLKIN = BCLK (device pin)

010: Reserved. Do not use.

011: CDIV_CLKIN = PLL_CLK (generated on-chip)

100: Reserved. Do not use.

101: Reserved. Do not use.

110: CDIV_CLKIN = ADC_CLK (generated on-chip)

111: CDIV_CLKIN = ADC_MOD_CLK (generated on-chip)

Table 32. Page 0/ Register 26: CLKOUT M Divider

READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: CLKOUT M divider is powered down.

1: CLKOUT M divider is powered up.

D6-D0 R/W 000 0001 |000 0000: CLKOUT divider M = 128
000 0001: CLKOUT divider M =1
000 0010: CLKOUT divider M = 2

111 1110: CLKOUT divider M = 126
111 1111: CLKOUT divider M = 127

Table 33. Page 0/ Register 27: ADC Audio Interface Control 1

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D6 R/W 00 00: ADC interface = I?°S

01: ADC interface = DSP
10: ADC interface = RJF
11: ADC interface = LJF

D5-D4 R/W 00 00: ADC interface word length = 16 bits
01: ADC interface word length = 20 bits
10: ADC interface word length = 24 bits
11: ADC interface word length = 32 bits

D3 R/W 0 0: BCLK is input.
1: BCLK is output.
D2 R/W 0 0: WCLK is input.
1: WCLK is output.
D1 R 0 Reserved. Do not write any value other than reset value.
DO R/W 0 0: 3-stating of DOUT: disabled

1: 3-stating of DOUT: enabled
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Table 34. Page 0/ Register 28: Data Slot Offset Programmability 1 (Ch_Offset_1)

BIT

READ/
WRITE

RESET
VALUE

DESCRIPTION

D7-DO

R/W

0000 0000

0000 0000: Offset = 0 BCLKs. Offset is measured with respect to WCLK rising edge in DSP mode.®
0000 0001: Offset = 1 BCLKs
0000 0010: Offset = 2 BCLKs

1111 1110: Offset = 254 BCLKs
1111 1111: Offset = 255 BCLKs

(1) Usage controlled by page 0 / register 38, bit DO

Table 35. Page 0/ Register 29: ADC Interface Control 2

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D4 R/W 0000 Reserved. Do not write any value other than reset value.
D3 R/W 0 0: BCLK is not inverted (valid for both primary and secondary BCLK).
1: BCLK is inverted (valid for both primary and secondary BCLK).
D2 R/W 0 0: BCLK and WCLK active even with codec powered down: disabled (valid for both primary and
secondary BCLK)
1: BCLK and WCLK active even with codec powered down: enabled (valid for both primary and
secondary BCLK)
D1-DO R/W 10 00: Reserved. Do not use.
01: Reserved. Do not use.
10: BDIV_CLKIN = ADC_CLK (generated on-chip)
11: BDIV_CLKIN = ADC_MOD_CLK (generated on-chip)
Table 36. Page 0/ Register 30: BCLK N Divider
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: BCLK N divider is powered down.
1: BCLK N divider is powered up.
D6-D0 R/W 000 0001 | 000 0000: CLKOUT divider N = 128
000 0001: CLKOUT divider N = 1
000 0010: CLKOUT divider N = 2
111 1110: CLKOUT divider N = 126
111 1111: CLKOUT divider N = 127
Table 37. Page 0/ Register 31: Secondary Audio Interface Control 1
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7 R 0 Reserved. Do not write any value other than reset value.
D6-D5 R/W 00 00: Secondary BCLK is obtained from GPIO1 pin.
01: Secondary BCLK is obtained from GPIO2 pin.
10 — 11: Reserved. Do not use.
D4-D3 R/W 00 00: Secondary WCLK is obtained from GPIO1 pin.
01: Secondary WCLK is obtained from GPIO2 pin.
10 — 11: Reserved. Do not use.
D2-D1 R/W 00 Reserved. Do not use.
DO R 0 Reserved. Do not write any value other than reset value.
Table 38. Page 0/ Register 32: Secondary Audio Interface Control 2
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D4 R 0000 Reserved. Do not write any value other than reset value.
D3 R/W 0 0: Primary BCLK is used for audio interface and clocking.
1: Secondary BCLK is used for audio interface and clocking.
D2 R/W 0 0: Primary WCLK is used for audio interface and clocking.
1: Secondary WCLK is used for audio interface and clocking.
D1-DO R 00 Reserved. Do not write any value other than reset value.
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Table 39. Page 0/ Register 33: Secondary Audio Interface Control 3
READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: Primary BCLK output = internally generated BCLK clock
1: Primary BCLK output = secondary BCLK
D6 R/W 0 0: Secondary BCLK output = primary BCLK
1: Secondary BCLK output = internally generated BCLK clock
D5-D4 R/W 01 00: Reserved. Do not use.

01: Primary WCLK output = internally generated ADC_fs clock (Default)
10: Primary WCLK output = secondary WCLK
11: Reserved. Do not use.

D3-D2 R/W 00 00: Secondary WCLK output = primary WCLK

01: Reserved. Do not use.

10: Secondary WCLK output = internally generated ADC_fs clock
11: Reserved. Do not use.

D1-D0 R 00 Reserved. Do not write any value other than reset value.

Table 40. Page 0/ Register 34: 1°S Sync

READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: Internal logic is enabled to detect the I°C hang and react accordingly.
1: Internal logic is disabled to detect the 1°C hang.
D6M RIW 0 0: I’C hang is not detected.
1: I°C hang detected flag. Once set get cleared only after reading this register.
D5 R/W 0 0: I°C general-call address is ignored.
1: Device accepts I°C general-call address.
D4-D2 R 000 Reserved. Do not write any value other than reset value.
D1 R/W 0 0: Re-sync logic is disabled for ADC.
1: Re-sync stereo ADC with codec interface if the group delay changed by more than +ADC_fs/4.
DO R/W 0 0: Re-sync is done without soft-muting the channel for ADC.

1: Re-sync is done by internally soft-muting the channel for ADC.

(1) Read-only bits. Writing any value to this is not used anywhere.

Table 41. Page 0/ Register 35: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D0 R XXXX XXXX | Reserved. Do not write to this register.

Table 42. Page 0/ Register 36: ADC Flag Register

READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7® R 0 0: Left ADC PGA , applied gain # programmed gain
1: Left ADC PGA , applied gain = programmed gain
D6M R 0 0: Left ADC powered down
1: Left ADC powered up
D5®@ R 0 0: Left AGC not saturated
1: Left AGC applied gain = maximum applicable gain by left AGC

D4 R 0 Reserved. Do not write any value other than reset value.

D3 R 0 0: Right ADC PGA , applied gain # programmed gain
1: Right ADC PGA , applied gain = programmed gain
D2® R 0 0: Right ADC powered down
1: Right ADC powered up
D1@ R 0 0: Right AGC not saturated
1: Right AGC applied gain = maximum applicable gain by right AGC
DO R 0 Reserved. Do not write any value other than reset value.

(1) Read-only bits. Writing any value to this bit is not used anywhere.
(2) Sticky flag bits. These are read-only bits. They are automatically cleared once they are read and are set only if the source trigger occurs
freshly again.

Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 51
Product Folder Links :TLV320ADC3101-Q1


http://www.ti.com/product/tlv320adc3101-q1?qgpn=tlv320adc3101-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS816B&partnum=TLV320ADC3101-Q1
http://www.ti.com/product/tlv320adc3101-q1?qgpn=tlv320adc3101-q1

13 TEXAS
INSTRUMENTS

TLV320ADC3101-Q1

SLAS816B —MARCH 2012—-REVISED AUGUST 2012 www.ti.com

Table 43. Page 0/ Register 37: Data Slot Offset Programmability 2 (Ch_Offset_2)

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D0 R/W 0000 0000 | 0000 0000: Offset = 0 BCLKs. Offset is measured with respect to the end of the first channel®
0000 0001: Offset = 1 BCLKs
0000 0010: Offset = 2 BCLKs

1111 1110: Offset = 254 BCLKs
1111 1111: Offset = 255 BCLKs

(1) Usage controlled by page 0 / register 38, bit DO, time_slot_mode_enable

Table 44. Page 0/ Register 38: IS TDM Control Register

READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7-D5 R 000 Reserved. Do not write any value other than reset value.
D4 R/W 0 0: Channel swap disabled
1: Channel swap enabled
D3-D2 R/W 00 00: Both left and right channels enabled

01: Left channel enabled
10: Right channel enabled
11: Both left and right channels disabled

D1 R/W 1 0: early_3-state disabled
1: early_3-state enabled
DO R/W 0 0: time_slot_mode disabled — both channel offsets controlled by Ch_Offset_1 (page 0 / register 28)

1: time_slot_mode enabled — channel-1 offset controlled by Ch_Offset_1 (page 0 / register 28) and
channel-2 offset controlled by Ch_Offset_2 (page 0 / register 37)

Table 45. Page 0/ Register 39 Through Page 0/ Register 41: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D0O R XXXX XXXX | Reserved. Do not write to these registers.

Table 46. Page 0/ Register 42: Interrupt Flags (Overflow)

READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7-D4 R 0000 Reserved
D3 R 0 Left ADC overflow flag
D2® R 0 Right ADC overflow flag
D1 R 0 ADC barrel-shifter output-overflow flag
DO R 0 Reserved

(1) Sticky flag bits. These are read-only bits. They are automatically cleared once they are read and are set only if the source trigger occurs
freshly again.

Table 47. Page 0/ Register 43: Interrupt Flags (Overflow)

READ/ RESET

BIT WRITE VALUE DESCRIPTION
D7-D4 R 0000 Reserved

D3 R 0 Left ADC overflow flag

D2 R 0 Right ADC overflow flag

D1 R 0 ADC barrel-shifter output-overflow flag

DO R 0 Reserved

Table 48. Page 0/ Register 44: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D0 R XXXX XXXX | Reserved. Do not write to this register.
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Table 49. Page 0/ Register 45: Interrupt Flags—ADC

READ/ | RESET )
BIT WRITE VALUE DESCRIPTION
D7 R 0 Reserved
D6 R 0 Left AGC Noise Threshold Flag:
0: Left ADC signal power greater than noise threshold for left AGC
1: Left ADC signal power lesser than noise threshold for left AGC
D5 R 0 Right AGC Noise Threshold Flag:
0: Right ADC signal power greater than noise threshold for right AGC
1: Right ADC signal power lesser than noise threshold for right AGC
D4 R 0 ADC miniDSP engine standard interrupt-port output
D3 R 0 ADC miniDSP engine auxilliary interrupt-port output
D2-D0 R 000 Reserved

(1) Sticky flag bits. These are read-only bits. They are automatically cleared once they are read and are set only if the source trigger occurs
freshly again.

Table 50. Page 0/ Register 46: Reserved

BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0 R XXXX XXXX | Reserved. Do not write to this register.
Table 51. Page 0/ Register 47: Interrupt Flags—ADC
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7 R 0 Reserved
D6 R 0 0: Left ADC signal power greater than noise threshold for left AGC
1: Left ADC signal power less than noise threshold for left AGC
D5 R 0 0: Right ADC signal power greater than noise threshold for right AGC
1: Right ADC signal power less than noise threshold for right AGC
D4 R 0 ADC miniDSP engine standard interrupt-port output. This bit indicates the instantaneous value of the
interrupt port at the time of reading the register.
D3 R 0 ADC miniDSP engine auxilliary interrupt-port output. This bit indicates the instantaneous value of the
interrupt port at the time of reading the register.
D2-D0 R 000 Reserved
Table 52. Page 0/ Register 48: INT1 Interrupt Control
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D5 R 000 Reserved. Do not write any value other than reset value.
D4 R/W 0 0: ADC AGC noise interrupt is not used in the generation of INT1 interrupt.
1: ADC AGC noise interrupt is used in the generation of INT1 interrupt.
D3 R 0 Reserved. Do not write any value other than reset value.
D2 R/W 0 0: Engine-generated interrupts and overflow flags are not used in the generation of INT1 interrupt.
1: Engine-generated interrupts and overflow flags are used in the generation of INT1 interrupt.
D1 R/W 0 0: ADC data-available interrupt is not used in the generation of INT1 interrupt.
1: ADC data-available interrupt is used in the generation of INT1 interrupt.
DO R/W 0 0: INT1 is only one pulse (active high) of duration typical 2 ms.
1: INT1 is multiple pulses (active high) of duration typical 2 ms and period 4 ms, until flag register 42 or
45 is read by the user.
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Table 53. Page 0/ Register 49: INT2 Interrupt Control

BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D5 R 000 Reserved. Do not write any value other than reset value.
D4 R/W 0 0: ADC AGC noise interrupt is not used in the generation of INT2 interrupt.
1: ADC AGC noise interrupt is used in the generation of INT2 interrupt.
D3 R 0 Reserved. Do not write any value other than reset value.
D2 R/W 0 0: Engine-generated interrupts and overflow flags are not used in the generation of INT2 interrupt.
1: Engine-generated interrupts and overflow flags are used in the generation of INT2 interrupt.
D1 R/W 0 0: ADC data-available interrupt is not used in the generation of INT2 interrupt.
1: ADC data-available interrupt is used in the generation of INT2 interrupt.
DO R/W 0 0: INT2 is only one pulse (active high) of duration typical 2 ms.
1: INT2 is multiple pulses (active high) of duration typical 2 ms and period 4 ms, until flag register 42 or
45 is read by the user.
Table 54. Page 0/ Register 50: Reserved
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0 R XXXX XXXX | Reserved. Do not write to this register.
Table 55. Page 0/ Register 51: DMCLK/GPIO2 Control
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D6 R 00 Reserved. Do not write any value other than reset value.
D5-D2 R/W 0000 0000: DMCLK disabled (input and output buffers powered down)
0001: DMCLK is in input mode (can be used as secondary BCLK input, secondary WCLK input,
Dig_Mic_In, or in ClockGen block)
0010: DMCLK is used as general-purpose input (GPI)
0011: DMCLK output = general-purpose output
0100: DMCLK output = CLKOUT output (source determined by cdiv_clkin_reg; page 0 / register 25)
0101: DMCLK output = INT1 output
0110: DMCLK output = INT2 output
0111: Reserved. Do not use.
1000: DMCLK output = secondary BCLK output for codec interface
1001: DMCLK output = secondary WCLK output for codec interface
1010: DMCLK output = ADC_MOD_CLK output for the digital microphone
1011-1111: Reserved. Do not use.
D1 R 0 DMCLK input buffer value
DO R/W 0 0: DMCLK value = 0 when D5-D2 are programmed to "0011" (general-purpose output)
1: DMCLK value = 1 when D5-D2 are programmed to "0011" (general-purpose output)
Table 56. Page 0/ Register 52: DMDIN/GPIO1 Control
BIT | READ/ RESET DESCRIPTION
WRITE VALUE
D7-D6 R 00 Reserved. Do not write any value other than reset value.
D5-D2 R/W 0000 0000: DMDIN disabled (input and output buffers powered down)
0001: DMDIN is in input mode (can be used as secondary BCLK input, secondary WCLK input,
Dig_Mic_lIn, or in ClockGen block)
0010: DMDIN is used as general-purpose input (GPI)
0011: DMDIN output = general-purpose output
0100: DMDIN output = CLKOUT output (source determined by cdiv_clkin_reg; page 0 / register 25)
0101: DMDIN output = INT1 output
0110: DMDIN output = INT2 output
0111: Reserved. Do not use.
1000: DMDIN output = secondary BCLK output for codec interface
1001: DMDIN output = secondary WCLK output for codec interface
1010: DMDIN output = ADC_MOD_CLK output for the digital microphone
1011-1111: Reserved. Do not use.
D1 R 0 DMDIN Input Buffer Value
DO R/W 0 0: DMDIN value = 0 when D5-D2 are programmed to "0011" (general-purpose output)
1: DMDIN value = 1 when D5-D2 are programmed to "0011" (general-purpose output)
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Table 57. Page 0/ Register 53: DOUT (OUT Pin) Control

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D5 R 000 Reserved. Do not write any value other than reset value.
D4 R/W 1 0: DOUT bus keeper enabled
1: DOUT bus keeper disabled
D3-D1 R/W 001 000: DOUT disabled (output buffer powered down)
001 DOUT = primary DOUT output for codec interface
010: DOUT = general-purpose output
011: DOUT = CLKOUT output
100: DOUT = INT1 output
101: DOUT = INT2 output
110: DOUT = secondary BCLK output for codec interface
111: DOUT = secondary WCLK output for codec interface
DO R/W 0 DOUT value = 0 when D3-D1 are programmed to "010" (general-purpose output)
DOUT value = 1 when D3-D1 are programmed to "010" (general-purpose output)
Table 58. Page 0/ Register 54 Through Page 0/ Register 56: Reserved
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D0 R XXXX XXXX | Reserved. Do not write to this register.
Table 59. Page 0/ Register 57: ADC Sync Control 1
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: Default synchronization
1: Custom synchronization
D6-D0 R/W 000 0000 |000 0000: Custom synchronization window size = O instructions
000 0001: Custom synchronization window size = 2 instructions (1 instruction)
000 0010: Custom synchronization window size = 4 instructions (+2 instructions)
111 1111: Custom synchronization window size = 254 instructions (+127 instructions)
Table 60. Page 0/ Register 58: ADC Sync Control 2
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO R/W 0000 0000 | 0000 0000: Custom synchronization target = instruction 0
0000 0001: Custom synchronization target = instruction 2
0000 0010: Custom synchronization target = instruction 4
illll 1111: Custom synchronization target = instruction 510
Table 61. Page 0/ Register 59: ADC CIC Filter Gain Control
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D4 | R/W 0100 Left CIC filter gain®
D3-DO | R/W 0100 Right CIC filter gain¥

(1) For proper operation, CIC gain must be < 1.
If AOSR {page 0 /register 20} = 64 and (1 < Filter Mode {page 0 / register 61} < 6), then the reset value of 4 results in CIC gain = 1.
Otherwise, the CIC gain = (AOSR/(64 x miniDSP Engine Decimation))* x 2 (CIC Filter Gain Control) 51 g < C|C Filter Gain Control < 12,
and if CIC Filter Gain Control = 15, CIC gain is automatically set such that for 7 < (AOSR/miniDSP Engine Decimation) < 64,
0.5<CICgain< 1.

Table 62. Page 0/ Register 60: Reserved

BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0 R/W 0000 0000 | Reserved. Do not write to this register.
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Table 63. Page 0/ Register 61: ADC Processing Block Selection

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D5 000 Reserved. Do not write any value other than reset value.
D4-D0 0 0001 0 0000: ADC miniDSP programmable instruction mode enabled.
0 0001: Select ADC Signal Processing Block PRB_R1
0 0010: Select ADC Signal Processing Block PRB_R2
0 0011: Select ADC Signal Processing Block PRB_R3
0 0100: Select ADC Signal Processing Block PRB_R4
0 0101: Select ADC Signal Processing Block PRB_R5
0 0110: Select ADC Signal Processing Block PRB_R6
0 0111: Select ADC Signal Processing Block PRB_R7
0 1000: Select ADC Signal Processing Block PRB_R8
0 1001: Select ADC Signal Processing Block PRB_R9
0 1010: Select ADC Signal Processing Block PRB_R10
0 1011: Select ADC Signal Processing Block PRB_R11
0 1100: Select ADC Signal Processing Block PRB_R12
0 1101: Select ADC Signal Processing Block PRB_R13
0 1110: Select ADC Signal Processing Block PRB_R14
0 1111: Select ADC Signal Processing Block PRB_R15
1 0000: Select ADC Signal Processing Block PRB_R16
1 0001: Select ADC Signal Processing Block PRB_R17
1 0010: Select ADC Signal Processing Block PRB_R18
1 0011-1 1111: Reserved. Do not use.
Table 64. Page 0/ Register 62: Programmable Instruction-Mode Control Bits
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7 R 0 Reserved. Do not write any value other than reset value.
D6 R/W 0 ADC miniDSP engine auxiliary control bit A, which can be used for conditional instructions like JIMP
D5 R/W 0 ADC miniDSP engine auxiliary control bit B, which can be used for conditional instructions like JMP
D4 R/W 0 0: ADC instruction-counter reset at the start of the new frame is enabled.
1: ADC instruction-counter reset at the start of the new frame is disabled.
D3-D0 R 0000 Reserved. Do not write any value other than reset value.
Table 65. Page 0/ Register 63 Through Page 0/ Register 79: Reserved
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0 R XXXX XXXX | Reserved. Do not write to these registers.
Table 66. Page 0/ Register 80: ADC Digital-Microphone Polarity Select
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D2 R 0000 00 Reserved. Do not write any value other than reset value.
D1 R/W 0 0: Capture left channel digital microphone data on rising edge of ADC modulator clock.
1: Capture left channel digital microphone data on falling edge of ADC modulator clock.
DO R/W 0 0: Capture right channel digital microphone data on rising edge of ADC modulator clock.
1: Capture right channel digital microphone data on falling edge of ADC modulator clock.
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Table 67. Page 0/ Register 81: ADC Digital

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7 R/W 0

: Left-channel ADC is powered down.
: Left-channel ADC is powered up.

: Right-channel ADC is powered down.
: Right-channel ADC is powered up.

: Left-channel digital-microphone input is obtained from DMDIN pin.
. Left-channel digital-microphone input is obtained from DMCLK pin.

: Right-channel digital-microphone input is obtained from DMDIN pin.
: Right-channel digital-microphone input is obtained from DMCLK pin.

: Digital microphone is not enabled for left ADC channel.
: Digital microphone is enabled for left ADC channel.

: Digital microphone is not enabled for right ADC channel.
: Digital microphone is enabled for right ADC channel.

D1-D0O R/W 00 00: ADC channel volume control soft-stepping is enabled for one step/fs.
01: ADC channel volume control soft-stepping is enabled for one step/2 fs.
10: ADC channel volume control soft-stepping is disabled.

11: Reserved. Do not use.

D6 R/W 0

D5 R/W 0

D4 R/W 0

D3 RIW 0

D2 R/W 0

PO PO |IFPO PO |FPO|(FL,O

Table 68. Page 0/ Register 82: ADC Fine Volume Control

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7 R/W 1 0: Left ADC channel not muted
1. Left ADC channel muted

D6-D4 R/W 000 000: Left ADC channel fine gain = 0 dB
001: Left ADC channel fine gain = -0.1 dB
010: Left ADC channel fine gain = -0.2 dB
011: Left ADC channel fine gain =-0.3 dB
100: Left ADC channel fine gain = -0.4 dB
101-111: Reserved. Do not use.

D3 R/W 1 0: Right ADC channel not muted
1: Right ADC channel muted

D2-DO R/W 000 000: Left ADC channel fine gain = 0 dB
001: Left ADC channel fine gain = -0.1 dB
010: Left ADC channel fine gain = -0.2 dB
011: Left ADC channel fine gain =-0.3 dB
100: Left ADC channel fine gain = -0.4 dB
101-111: Reserved. Do not use.

Table 69. Page 0/ Register 83: Left ADC Volume Control

READ/ RESET
WRITE | VALUE®W

D7 R 0 Reserved. Do not write any value other than reset value.
D6-D0 R/W 000 0000 100 0000 — 110 1000: Left ADC channel volume = 0 dB
110 1000: Left ADC channel volume = -12 dB

110 1001: Left ADC channel volume = -11.5 dB
110 1010: Left ADC channel volume =-11.0 dB

BIT DESCRIPTION

111 1111: Left ADC channel volume = -0.5 dB
000 0000: Left ADC channel volume = -0.0 dB
000 0001: Left ADC channel volume = 0.5 dB

010 0110: Left ADC channel volume = 19.0 dB
010 0111: Left ADC channel volume = 19.5 dB
010 1000: Left ADC channel volume = 20 dB
010 1001- 011 1111 : Reserved. Do not use.

(1) Values in 2s-complement decimal format
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Table 70. Page 0/ Register 84: Right ADC Volume Control

READ/

RESET

BIT WRITE VALUE® DESCRIPTION
D7 R 0 Reserved. Do not write any value other than reset value.
D6-D0 R/W 000 0000 | 100 0000 — 110 1000: Right ADC channel volume = 0 dB

110 1000: Rght ADC channel volume = —-12 dB
110 1001: Right ADC channel volume =-11.5 dB
110 1010: Rght ADC channel volume = -11.0 dB

111 1111: Right ADC channel volume = -0.5 dB
000 0000: Right ADC channel volume = -0.0 dB
000 0001: Right ADC channel volume = 0.5 dB

010 0110: Right ADC channel volume = 19.0 dB
010 0111: Right ADC channel volume = 19.5 dB
010 1000: Right ADC channel volume = 20 dB
010 1001- 011 1111 : Reserved. Do not use.

(1) Values in 2s-complement decimal format

Table 71. Page 0/ Register 85: Left ADC Phase Compensation

BIT

READ/
WRITE

RESET
VALUE

DESCRIPTION

D7-DO

R/W

0000 0000

1000 0000: Left ADC has a phase shift of -128 ADC_MOD_CLK cycles with respect to right ADC.
1000 0001: Left ADC has a phase shift of -127 ADC_MOD_CLK cycles with respect to right ADC.

1111 1110: Left ADC has a phase shift of -2 ADC_MOD_CLK cycles with respect to right ADC.
1111 1111: Left ADC has a phase shift of -1 ADC_MOD_CLK cycles with respect to right ADC.
0000 0000: No phase shift between stereo ADC channels

0000 0001: Left ADC has a phase shift of 1 ADC_MOD_CLK cycles with respect to right ADC.
0000 0010: Left ADC has a phase shift of 2 ADC_MOD_CLK cycles with respect to right ADC.

0111 1110: Left ADC has a phase shift of 126 ADC_MOD_CLK cycles with respect to right ADC.
0111 1111: Left ADC has a phase shift of 127 ADC_MOD_CLK cycles with respect to right ADC.

Table 72. Page 0/ Register 86: Left AGC Control 1

BIT

READ/
WRITE

RESET
VALUE

DESCRIPTION

D7

R/W

0: Left AGC disabled
1: Left AGC enabled

D6-D4

R/W

000

000:
001:
010:
011:
100:
101:
110:
111:

Left AGC target level = -5.5 dB
Left AGC target level = -8 dB

Left AGC target level = -10 dB
Left AGC target level = -12 dB
Left AGC target level = -14 dB
Left AGC target level = -17 dB
Left AGC target level = -20 dB
Left AGC target level = —24 dB

D3-D0

0000

Reserved. Do not write any value other than reset value.
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Table 73. Page 0/ Register 87: Left AGC Control 2

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D6 R/W 00 00: Left AGC hysteresis setting of 1 dB
01: Left AGC hysteresis setting of 2 dB
10: Left AGC hysteresis setting of 4 dB
11: Left AGC hysteresis disabled

D5-D1 R/W 00 000 00 000: Left AGC noise/silence detection is disabled.
00 001: Left AGC noise threshold = =30 dB
00 010: Left AGC noise threshold = -32 dB
00 011: Left AGC noise threshold = —-34 dB

11 101: Left AGC noise threshold = —-86 dB
11 110: Left AGC noise threshold = -88 dB
11 111: Left AGC noise threshold = -90 dB

DO R/W 0 0: Disable clip stepping for AGC
1: Enable clip stepping for AGC

Table 74. Page 0/ Register 88: Left AGC Maximum Gain

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7 R 0 Reserved. Do not write any value other than reset value.

D6-D0 R/W 111 1111 | 000 0000: Left AGC maximum gain = 0 dB
000 0001: Left AGC maximum gain = 0.5 dB
000 0010: Left AGC maximum gain = 1 dB

101 0000: Left AGC maximum gain = 40 dB
101 0001 — 111 1111: Reserved. Do not use.

Table 75. Page 0/ Register 89: Left AGC Attack Time

BIT READ/ RESET DESCRIPTION
WRITE VALUE

D7-D3 R/W 00000 0000 O: Left AGC attack time = 1 x (32/fg)
0000 1: Left AGC attack time = 3 x (32/fg)
0001 O: Left AGC attack time = 5 x (32/fg)
1
0

0001 1: Left AGC attack time = 7 x (32/fg)
0010 O: Left AGC attack time = 9 x (32/fg)

1111 0: Left AGC attack time = 61 x (32/fs)
1111 1: Left AGC attack time = 63 x (32/fg)

D2-DO R/W 000 000: Multiply factor for the programmed left AGC attack time =1
001: Multiply factor for the programmed left AGC attack time = 2
010: Multiply factor for the programmed left AGC attack time = 4

111: Multiply factor for the programmed left AGC attack time = 128

Table 76. Page 0/ Register 90: Left AGC Decay Time

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D3 R/W 0000 0 0000 O: Left AGC decay time = 1 x (512/fg)
0000 1: Left AGC decay time = 3 x (512/fg)
0001 O: Left AGC decay time =5 x (512/fg)
1
0

0001 1: Left AGC decay time = 7 x (512/fg)
0010 O: Left AGC decay time = 9 x (512/fg)

-1"111 0: Left AGC decay time = 61 x (512/fg)
1111 1: Left AGC decay time = 63 x (512/fs)

D2-D0 R/W 000 000: Multiply factor for the programmed left AGC decay time = 1
001: Multiply factor for the programmed left AGC decay time = 2
010: Multiply factor for the programmed left AGC decay time = 4

1.11: Multiply factor for the programmed left AGC decay time = 128
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Table 77. Page 0/ Register 91: Left AGC Noise Debounce

BIT READ/ RESET DESCRIPTION
WRITE VALUE

D7-D5 R 000 Reserved. Do not write any value other than reset value.

D4-D0 R/W 0 0000 0000: Left AGC noise debounce = 0/fg

0001: Left AGC noise debounce = 4/fg

0010: Left AGC noise debounce = 8/fg

0011: Left AGC noise debounce = 16/fg

0100: Left AGC noise debounce = 32/fg

0101: Left AGC noise debounce = 64/fg

0110: Left AGC noise debounce = 128/fg
0111: Left AGC noise debounce = 256/fg
1000: Left AGC noise debounce = 512/fg
1001: Left AGC noise debounce = 1024/fg
1010: Left AGC noise debounce = 2048/fg
1011: Left AGC noise debounce = 4096/fs
1100: Left AGC noise debounce = 2 x 4096/fg
1101: Left AGC noise debounce = 3 x 4096/fg
1110: Left AGC noise debounce = 4 x 4096/fg

[eNeoNoooooooololo oo Ne]

1110: Left AGC noise debounce = 20 x 4096/fg
1111: Left AGC noise debounce = 21 x 4096/fg

e

Table 78. Page 0/ Register 92: Left AGC Signal Debounce

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D4 R 0000 Reserved. Do not write any value other than reset value.

D3-D0 R/W 0000 0000: Left AGC signal debounce = O/fg

0001: Left AGC signal debounce = 4/fg

0010: Left AGC signal debounce = 8/fg

0011: Left AGC signal debounce = 16/fg

0100: Left AGC signal debounce = 32/fg

0101: Left AGC signal debounce = 64/fg

0110: Left AGC signal debounce = 128/fg
0111: Left AGC signal debounce = 256/fg
1000: Left AGC signal debounce = 512/fg
1001: Left AGC signal debounce = 1024/fg
1010: Left AGC signal debounce = 2048/fg
1011: Left AGC signal debounce = 2 x 2048/fg
1100: Left AGC signal debounce = 3 x 2048/fg
1101: Left AGC signal debounce = 4 x 2048/fs
1110: Left AGC signal debounce =5 x 2048/fg
1111: Left AGC signal debounce = 6 x 2048/fs

Table 79. Page 0/ Register 93: Left AGC Gain Applied

READ/ RESET
WRITE VALUE

D7-DO R 0000 0000 | Left AGC Gain Value Status:
1110 1000: Gain applied by left AGC =-12 dB
1110 1001: Gain applied by left AGC = -11.5 dB

BITD DESCRIPTION

1111 1111: Gain applied by left AGC = -0.5 dB
0000 0000: Gain applied by left AGC =0 dB
0000 0001: Gain applied by left AGC = 0.5 dB

0100 1111: Gain applied by left AGC = 39.5 dB
0101 0000: Gain applied by left AGC = 40 dB
0101 0001 — 1111 1111: Reserved. Do not use.

(1) These are read-only bits.
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Table 80. Page 0/ Register 94: Right AGC Control 1

READ/ RESET
WRITE VALUE

D7 R/W 0 0: Right AGC disabled
1: Right AGC enabled

D6-D4 R/W 000 000: Right AGC target level = -5.5 dB
000: Right AGC target level = -8 dB

001: Right AGC target level = -10 dB
010: Right AGC target level = -12 dB
011: Right AGC target level = -14 dB
100: Right AGC target level = -17 dB
101: Right AGC target level = —-20 dB
111: Right AGC target level = -24 dB

D3-D0 R 0000 Reserved. Do not write any value other than reset value.

BIT DESCRIPTION

Table 81. Page 0/ Register 95: Right AGC Control 2

READ/ RESET
WRITE | VALUE®W

D7-D6 R/W 00 00: Right AGC hysteresis setting of 1 dB
01: Right AGC hysteresis setting of 2 dB
10: Right AGC hysteresis setting of 4 dB
11: Right AGC hysteresis disabled.

D5-D1 R/W 00 000 00 000: Right AGC noise/silence detection is disabled.
00 001: Right AGC noise threshold = -30 dB
00 010: Right AGC noise threshold = -32 dB
00 011: Right AGC noise threshold = -34 dB

BIT DESCRIPTION

11 101: Right AGC noise threshold = -86 dB
11 110: Right AGC noise threshold = -88 dB
11 111: Right AGC noise threshold = -90 dB

DO R/W 0 0: Disable clip stepping for right AGC.
1: Enable clip stepping for right AGC.

(1) Values in 2s-complement decimal format

Table 82. Page 0/ Register 96: Right AGC Maximum Gain

READ/ RESET
WRITE VALUE

D7 R 0 Reserved. Do not write any value other than reset value.

D6-D0 R/W 111 1111 | 000 0000: Right AGC maximum gain = 0 dB
000 0001: Right AGC maximum gain = 0.5 dB
000 0010: Right AGC maximum gain = 1 dB

BIT DESCRIPTION

101 0000: Right AGC maximum gain = 40 dB
101 0001-111 1111: Not Used.

Table 83. Page 0/ Register 97: Right AGC Attack Time

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D3 R/W 0000 0 0000 0: Right AGC attack time = 1 x (32/fs)
0000 1: Right AGC attack time = 3 x (32/fg)
0001 O: Right AGC attack time = 5 x (32/fg)
1
0

0001 1: Right AGC attack time = 7 x (32/fg)
0010 0: Right AGC attack time = 9 x (32/fg)

1111 O: Right AGC attack time = 61 x (32/fs)
1111 1: Right AGC attack time = 63 x (32/fs)

D2-DO R/W 000 000: Multiply factor for the programmed right AGC attack time = 1
001: Multiply factor for the programmed right AGC attack time = 2
010: Multiply factor for the programmed right AGC attack time = 4

iilz Multiply factor for the programmed right AGC attack time = 128
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Table 84. Page 0/ Register 98: Right AGC Decay Time

BIT

READ/
WRITE

RESET

VALUE DESCRIPTION

D7-D3

R/W

0000 O 0000 O: Right AGC decay time = 1 x (512/fs)
0000 1: Right AGC decay time = 3 x (512/fs)
0001 O: Right AGC decay time =5 x (512/fs)
0001 1: Right AGC decay time = 7 x (512/fs)
0010 0: Right AGC decay time = 9 x (512/fs)

-1"111 0: Right AGC decay time = 61 x (512/fs)
1111 1: Right AGC decay time = 63 x (512/fs)

D2-DO

R/W

000 000: Multiply factor for the programmed right AGC decay time = 1
001: Multiply factor for the programmed right AGC decay time = 2
010: Multiply factor for the programmed right AGC decay time = 4
111: Multiply factor for the programmed right AGC decay time = 128

Table 85. Page 0/ Register 99: Right AGC Noise Debounce

BIT

READ/
WRITE

RESET

VALUE DESCRIPTION

D7-D5

000 Reserved. Do not write any value other than reset value.

D4-D0

R/W

0 0000 0000: Right AGC noise debounce = 0/fg

0001: Right AGC noise debounce = 4/fg

0010: Right AGC noise debounce = 8/fg

0011: Right AGC noise debounce = 16/fg

0100: Right AGC noise debounce = 32/fg

0101: Right AGC noise debounce = 64/fg

0110: Right AGC noise debounce = 128/fg
0111: Right AGC noise debounce = 256/fg
1000: Right AGC noise debounce = 512/fg
1001: Right AGC noise debounce = 1024/fs
1010: Right AGC noise debounce = 2048/fg
1011: Right AGC noise debounce = 4096/fs
1100: Right AGC noise debounce = 2 x 4096/fg
1101: Right AGC noise debounce = 3 x 4096/fg
1110: Right AGC noise debounce = 4 x 4096/fg

[eNeolooooooooooNoNoNe]

1110: Right AGC noise debounce = 20 x 4096/fg
1111: Right AGC noise debounce = 21 x 4096/fsRight AGC noise debounce = 0/fg

P

Table 86. Page 0/ Register 100: Right AGC Signal Debounce

BIT

READ/
WRITE

RESET

VALUE DESCRIPTION

D7-D4

0000 Reserved. Do not write any value other than reset value.

D3-DO

R/W

0000 0000: Right AGC signal debounce = 0/fg

0001: Right AGC signal debounce = 4/fg

0010: Right AGC signal debounce = 8/fg

0011: Right AGC signal debounce = 16/fg

0100: Right AGC signal debounce = 32/fg

0101: Right AGC signal debounce = 64/fg

0110: Right AGC signal debounce = 128/fg
0111: Right AGC signal debounce = 256/fg
1000: Right AGC signal debounce = 512/fg
1001: Right AGC signal debounce = 1024/fg
1010: Right AGC signal debounce = 2048/fg
1011: Right AGC signal debounce = 2 x 2048/fg
1100: Right AGC signal debounce = 3 x 2048/fg
1101: Right AGC signal debounce = 4 x 2048/fs
1110: Right AGC signal debounce = 5 x 2048/fg
1111: Right AGC signal debounce = 6 x 2048/fsRight AGC signal debounce = 0/fg
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Table 87. Page 0/ Register 101: Right AGC Gain Applied
BITY | READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0 R 0000 0000 | Right AGC Gain Value Status:

1110 1000: Gain applied by right AGC = -12 dB
1110 1001: Gain applied by right AGC =-11.5 dB

-1"111 1111: Gain applied by right AGC = -0.5 dB
0000 0000: Gain applied by right AGC = 0 dB
0000 0001: Gain applied by right AGC = 0.5 dB

a100 1111: Gain applied by right AGC = 39.5 dB
0101 0000: Gain applied by right AGC = 40 dB
0101 0001 — 1111 1111: Reserved. Do not use.

(1) These are read-only bits.

Table 88. Page 0/ Register 102 Through Page 0/ Register 127: Reserved

BIT READ/ RESET DESCRIPTION
WRITE VALUE

D7-D0O R XXXX XXXX | Reserved. Do not write to these registers.

CONTROL REGISTERS Page 1: ADC Routing, PGA, Power-Controls, Etc.
Table 89. Page 1/ Register 0: Page Control Register®

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-DO R/W 0000 0000 |0000 0000: Page O selected
0000 0001: Page 1 selected

1111 1110: Page 254 selected (reserved)
1111 1111: Page 255 selected (reserved)

(1) Valid pages are 0, 1, 4, 5, 32-47. All other pages are reserved (do not access).

Table 90. Page 1/ Register 1 Through Page 1/ Register 25: Reserved

BIT READ/ RESET DESCRIPTION
WRITE VALUE

D7-D0 R XXXX XXXX | Reserved. Do not write to these registers.
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Table 91. Page 1/ Register 26: Dither Control

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D4 R/W 0000 DC Offset Into Input of Left ADC; Signed Magnitude Number In +15-mV Steps
1111: -105 mV
1011: —45 mV
1010: =30 mV
1001: -15 mV
0000: 0 mV
0001: 15 mV
0010: 30 mV
0011: 45 mV
0111: 105 mV
D3-DO0 R/W 0000 DC Offset Into Input of Right ADC; Signed Magnitude Number In +15-mV Steps
1111: -105 mV
1011: ~45 mV
1010: =30 mV
1001: -15 mV
0000: 0 mV
0001: 15 mV
0010: 30 mV
0011: 45 mV
0111: 105 mV
Table 92. Page 1/ Register 27 Through Page 1/ Register 50: Reserved
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0O R XXXX XXXX | Reserved. Do not write to these registers.
Table 93. Page 1/ Register 51: MICBIAS Control
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7 R 0 Reserved. Do not write any value other than reset value.
D6 — R/W 00 00: MICBIASL is powered down.
D5 01: MICBIASL is powered to 2 V.
10: MICBIASL1 is powered to 2.5 V.
11: MICBIASL is connected to AVDD.
D4 — R/W 00 00: MICBIAS2 is powered down.
D3 01: MICBIAS2 is powered to 2 V.
10: MICBIAS2 is powered to 2.5 V.
11: MICBIAS? is connected to AVDD.
D2-D0 R 000 Reserved. Do not write any value other than reset value.
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Table 94. Page 1/ Register 52: Left ADC Input Selection for Left PGA

BIT

READ/
WRITE

RESET
VALUE

DESCRIPTION®

D7-D6

R/W

11

LCH_SELA4; Differential Pair Using the IN2L(P) as PLUS and IN3L(M) as MINUS Inputs
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10: Is not connected to the left ADC PGA

11: Is not connected to the left ADC PGA

D5-D4

R/W

11

LCH_SEL3; Used for the IN3L(M) Pin, Which Is Single-Ended
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10: Is not connected to the left ADC PGA

11: Is not connected to the left ADC PGA

D3-D2

R/W

11

LCH_SEL2; Used for the IN2L(P) Pin, Which Is Single-Ended
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10: Is not connected to the left ADC PGA

11: Is not connected to the left ADC PGA

D1-DO

R/W

11

LCH_SEL1,; Used for the IN1L(P) Pin, Which Is Single-Ended
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10: Is not connected to the left ADC PGA

11: Is not connected to the left ADC PGA

(1) To maintain the same PGA output level for both single-ended and differential pairs, the single-ended inputs have a 2x gain applied.

Table 95. Page 1/ Register 53: Reserved

BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D0 R XXXX XXXX | Reserved. Do not write to this register.
Table 96. Page 1/ Register 54: Left ADC Input Selection for Left PGA
READ/ RESET )
BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: Do not bypass left PGA.
1: Bypass left PGA, unbuffered differential pair using the IN2L(P) as PLUS and IN3L(M) as MINUS
inputs.
D6 R/W 0 LCH_SELCM
0: Left ADC channel unselected inputs are not biased weakly to the ADC common-mode voltage.
1: Left ADC channel unselected inputs are biased weakly to the ADC common-mode voltage.
D5-D4 R/W 11 LCH_SEL3X; Differential Pair Using the IN1L(P) as PLUS and IN1R(M) as MINUS Inputs.
00: 0-dB setting is chosen.
01: —6-dB setting is chosen.
10-11: Not connected to the left ADC PGA
D3-D2 R/W 11 LCH_SEL2X; Differential Pair Using the IN2R(P) as PLUS and IN3R(M) as MINUS Inputs.
00: 0-dB setting is chosen.
01: —6-dB setting is chosen.
10-11: Is not connected to the left ADC PGA.
D1-DO R/W 11 LCH_SEL1X; Used for the INIR(M) Pin, Which Is Single-Ended
00: 0 dB setting is chosen.
01: —6 dB setting is chosen.
10-11: Not connected to the left ADC PGA.

(1) To maintain the same PGA output level for both single-ended and differential pairs, the single-ended inputs have a 2x gain applied.
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Table 97. Page 1/ Register 55: Right ADC Input selection for Right PGA
READ/ RESET (1)
BIT | WRITE VALUE DESCRIPTION
D7-D6 R/W 11 RCH_SEL4; Differential Pair Using the IN2R(P) as PLUS and IN3R(M) as MINUS Inputs.

00: 0-dB setting is chosen.
01: —6-dB setting is chosen.
10-11: Not connected to the right ADC PGA.

D5-D4 R/W 11 RCH_SELS3; Used for the IN3R(M) Pin, Which Is Single-Ended
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10-11: Not connected to the right ADC PGA.

D3-D2 R/W 11 RCH_SEL2; Used for the IN2R(P) Pin, Which Is Single-Ended
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10-11: Not connected to the right ADC PGA.

D1-DO R/W 11 RCH_SEL1; Used for the INIR(M) Pin, Which Is Single-Ended
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10-11: Not connected to the right ADC PGA.

(1) To maintain the same PGA output level for both single-ended and differential pairs, the single-ended inputs have a 2x gain applied.

Table 98. Page 1/ Register 56: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION

D7-D0O R XXXX XXXX | Reserved. Do not write to this register.

Table 99. Page 1/ Register 57: Right ADC Input selection for Right PGA
READ/ RESET

(€}
BIT WRITE VALUE DESCRIPTION
D7 R/W 0 0: Do not bypass right PGA.
1: Bypass right PGA, unbuffered differential pair using the IN2R(P) as PLUS and IN3R(M) as MINUS
inputs.
D6 R/W 0 RCH_SELCM

0: Right ADC channel unselected inputs are not biased weakly to the ADC common-mode voltage.
1: Right ADC channel unselected inputs are biased weakly to the ADC common-mode voltage.

D5-D4 R/W 11 RCH_SELS3X; Differential Pair Using the IN1L(P) as PLUS and IN1R(M) as MINUS Inputs.
00: 0-dB setting is chosen.

01: —6 dB setting is chosen.

10-11: Not connected to the right ADC PGA

D3-D2 R/W 11 RCH_SEL2X; Differential Pair Using the IN2L(P) as PLUS and IN3L(M) as MINUS Inputs.
00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10-11: Not connected to the right ADC PGA

D1-DO R/W 11 RCH_SEL1X; Used for the IN1L(P) Pin, Which Is Single-Ended

00: 0-dB setting is chosen.

01: —6-dB setting is chosen.

10-11: Not connected to the right ADC PGA

(1) To maintain the same PGA output level for both single-ended and differential pairs, the single-ended inputs have a 2x gain applied.

Table 100. Page 1/ Register 58: Reserved

BIT READ/ RESET DESCRIPTION
WRITE VALUE

D7-D0 R XXXX XXXX | Reserved. Do not write to this register.
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Table 101. Page 1/ Register 59: Left Analog PGA Settings

READ/

RESET

BIT WRITE VALUE DESCRIPTION
D7 R/W 1 0: Left PGA is not muted.
1: Left PGA is muted.
D6-DO0 R/IW 000 0000 |000 0000: Left PGA gain =0 dB
000 0001: Left PGA gain = 0.5 dB
000 0010: Left PGA gain =1 dB
101 0000: Left PGA gain = 40 dB
101 0001-111 1111: Reserved. Do not use.
Table 102. Page 1/ Register 60: Right Analog PGA Settings
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7 R/W 1 0: Right PGA is not muted
1: Right PGA is muted
D6-DO0 RIW 000 0000 |000 0000: Right PGA gain = 0 dB
000 0001: Right PGA gain = 0.5 dB
000 010: Right PGA gain =1 dB
101 0000: Right PGA gain = 40 dB
101 0001-1111111: Reserved. Do not use.
Table 103. Page 1/ Register 61: ADC Low Current Modes
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D1 R 0000 000 | Reserved. Write only zeros to these bits.
DO R/W 0 0: 1x ADC modulator current used
1: 0.5x ADC modulator current used
Table 104. Page 1/ Register 62: ADC Analog PGA Flags
BIT READ/ RESET DESCRIPTION
WRITE VALUE
D7-D2 R 0000 00 Reserved, don't write any value other than reset value
D1 R 0 0: Left ADC PGA , applied gain # programmed gain
1: Left ADC PGA , applied gain = programmed gain
DO R 0 0: Right ADC PGA , applied gain # programmed gain
1: Right ADC PGA , applied gain = programmed gain
Table 105. Page 1/ Register 63 Through Page 1/ Register 127: Reserved
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO R XXXX XXXX | Reserved. Do not write to these registers.

Control Registers, Page 4: ADC Digital Filter Coefficients

Default values shown for this page only become valid 100 ps following a hardware or software reset.

Page 4 / Register 0: Page Control Register®

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO R/W 0000 0000 | 0000 0000: Page 0 selected

0000 0001: Page 1 selected

-1"111 1110: Page 254 selected (reserved)
1111 1111: Page 255 selected (reserved)

(1) Valid pages are 0, 1, 4, 5, 32-47. All other pages are reserved (do not access).
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The remaining page 4 registers are either reserved registers or are used for setting coefficients for the various
filters in the processing blocks. Reserved registers should not be written to.

The filter coefficient registers are arranged in pairs, with two adjacent 8-bit registers containing the 16-bit
coefficient for a single filter. The 16-bit integer contained in the MSB and LSB registers for a coefficient are
interpreted as a 2s-complement integer, with possible values ranging from -32,768 to 32,767. When
programming any coefficient value for a filter, the MSB register should always be written first, immediately
followed by the LSB register. Even if only the MSB or LSB portion of the coefficient changes, both registers
should be written in this sequence. Table 106 is a list of the page 4 registers, excepting the previously described
register O.

Table 106. Page 4 Registers

REGISTER
NUMBER RESET VALUE REGISTER NAME
1 XXXX XXXX Reserved. Do not write to this register.
5 0000 0001 Coefficient NO(15:8) for AGC LPF (first-order IIR) used as averager to detect level or Coefficient
C1(15:8) of ADC miniDSP
3 00010111 Coefficient NO(7:0) for AGC LPF (first-order IIR) used as averager to detect level or Coefficient
C1(7:0) of ADC miniDSP
4 0000 0001 Coefficient N1(15:8) for AGC LPF (first-order IIR) used as averager to detect level or Coefficient
C2(15:8) of ADC miniDSP
5 00010111 Coefficient N1(7:0) for AGC LPF (first-order IIR) used as averager to detect level or Coefficient
C2(7:0) of ADC miniDSP
6 0111 1101 Coefficient D1(15:8) for AGC LPF (first-order IIR) used as averager to detect level or Coefficient
C3(15:8) of ADC miniDSP
7 1101 0011 Coefficient D1(7:0) for AGC LPF (first-order IIR) used as averager to detect level or Coefficient
C3(7:0) of ADC miniDSP
Coefficient NO(15:8) for Left ADC programmable first-order IIR or Coefficient C4(15:8) of ADC
8 01111111 M
miniDSP
Coefficient NO(7:0) for Left ADC programmable first-order IIR or Coefficient C4(7:0) of ADC
9 11111111 o
miniDSP
10 0000 0000 Cpgﬁicient N1(15:8) for Left ADC programmable first-order IIR or Coefficient C5(15:8) of ADC
miniDSP
1 0000 0000 Cc_)e_fflment N1(7:0) for Left ADC programmable first-order IIR or Coefficient C5(7:0) of ADC
miniDSP
12 0000 0000 Cpgﬁicient D1(15:8) for Left ADC programmable first-order IR or Coefficient C6(15:8) of ADC
miniDSP
13 0000 0000 Coefficient D1(7:0) for Left ADC programmable first-order IIR or Coefficient C6(7:0) of ADC
miniDSP
14 0111 1111 Coefficient NO(15:8) for Left ADC Biquad A or Coefficient FIRO(15:8) for ADC FIR Filter or
Coefficient C7(15:8) of ADC miniDSP
15 1111 1111 Coefficient NO(7:0) for Left ADC Biquad A or Coefficient FIR0O(7:0) for ADC FIR Filter or Coefficient
C7(7:0) of ADC miniDSP
16 0000 0000 Coefficient N1(15:8) for Left ADC Biquad A or Coefficient FIR1(15:8) for ADC FIR Filter or
Coefficient C8(15:8) of ADC miniDSP
17 0000 0000 Coefficient N1(7:0) for Left ADC Biquad A or Coefficient FIR1(7:0) for ADC FIR Filter or Coefficient
C8(7:0) of ADC miniDSP
18 0000 0000 Coefficient N2(15:8) for Left ADC Biquad A or Coefficient FIR2(15:8) for ADC FIR Filter or
Coefficient C9(15:8) of ADC miniDSP
19 0000 0000 Coefficient N2(7:0) for Left ADC Biquad A or Coefficient FIR2(7:0) for ADC FIR Filter or Coefficient
C9(7:0) of ADC miniDSP
20 0000 0000 Coefficient D1(15:8) for Left ADC Biquad A or Coefficient FIR3(15:8) for ADC FIR Filter or
Coefficient C10(15:8) of ADC miniDSP
21 0000 0000 Coefficient D1(7:0) for Left ADC Biquad A or Coefficient FIR3(7:0) for ADC FIR Filter or Coefficient
C10(7:0) of ADC miniDSP
22 0000 0000 Coefficient D2(15:8) for Left ADC Biquad A or Coefficient FIR4(15:8) for ADC FIR Filter or
Coefficient C11(15:8) of ADC miniDSP
23 0000 0000 Coefficient D2(7:0) for Left ADC Biquad A or Coefficient FIR4(7:0) for ADC FIR Filter or Coefficient
C11(7:0) of ADC miniDSP
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Table 106. Page 4 Registers (continued)

REGISTER
NUMBER RESET VALUE REGISTER NAME

2 0111 1111 Coefficient NO(15:8) for Left ADC Biquad B or Coefficient FIR5(15:8) for ADC FIR Filter or
Coefficient C12(15:8) of ADC miniDSP

o5 1111 1111 Coefficient NO(7:0) for Left ADC Biquad B or Coefficient FIR5(7:0) for ADC FIR Filter or Coefficient
C12(7:0) of ADC miniDSP

26 0000 0000 Coefficient N1(15:8) for Left ADC Biquad B or Coefficient FIR6(15:8) for ADC FIR Filter or
Coefficient C13(15:8) of ADC miniDSP

27 0000 0000 Coefficient N1(7:0) for Left ADC Biquad B or Coefficient FIR6(7:0) for ADC FIR Filter or Coefficient
C13(7:0) of ADC miniDSP

o8 0000 0000 Coefficient N2(15:8) for Left ADC Biquad B or Coefficient FIR7(15:8) for ADC FIR Filter or
Coefficient C14(15:8) of ADC miniDSP

29 0000 0000 Coefficient N2(7:0) for Left ADC Biquad B or Coefficient FIR7(7:0) for ADC FIR Filter or Coefficient
C14(7:0) of ADC miniDSP

30 0000 0000 Coefficient D1(15:8) for Left ADC Biquad B or Coefficient FIR8(15:8) for ADC FIR Filter or
Coefficient C15(15:8) of ADC miniDSP

31 0000 0000 Coefficient D1(7:0) for Left ADC Biquad B or Coefficient FIR8(7:0) for ADC FIR Filter or Coefficient
C15(7:0) of ADC miniDSP

32 0000 0000 Coefficient D2(15:8) for Left ADC Biquad B or Coefficient FIR9(15:8) for ADC FIR Filter or
Coefficient C16(15:8) of ADC miniDSP

33 0000 0000 Coefficient D2(7:0) for Left ADC Biquad B or Coefficient FIR9(7:0) for ADC FIR Filter or Coefficient
C16(7:0) of ADC miniDSP

34 0111 1111 Coefficient NO(15:8) for Left ADC Biquad C or Coefficient FIR10(15:8) for ADC FIR Filter or
Coefficient C17(15:8) of ADC miniDSP

35 1111 1111 Coefficient NO(7:0) for Left ADC Biquad C or Coefficient FIR10(7:0) for ADC FIR Filter or Coefficient
C17(7:0) of ADC miniDSP

36 0000 0000 Coefficient N1(15:8) for Left ADC Biquad C or Coefficient FIR11(15:8) for ADC FIR Filter or
Coefficient C18(15:8) of ADC miniDSP

37 0000 0000 Coefficient N1(7:0) for Left ADC Biquad C or Coefficient FIR11(7:0) for ADC FIR Filter or Coefficient
C18(7:0) of ADC miniDSP

38 0000 0000 Coefficient N2(15:8) for Left ADC Biquad C or Coefficient FIR12(15:8) for ADC FIR Filter or
Coefficient C19(15:8) of ADC miniDSP

39 0000 0000 Coefficient N2(7:0) for Left ADC Biquad C or Coefficient FIR12(7:0) for ADC FIR Filter or Coefficient
C19(7:0) of ADC miniDSP

40 0000 0000 Coefficient D1(15:8) for Left ADC Biquad C or Coefficient FIR13(15:8) for ADC FIR Filter or
Coefficient C20(15:8) of ADC miniDSP

a1 0000 0000 Coefficient D1(7:0) for Left ADC Biquad C or Coefficient FIR13(7:0) for ADC FIR Filter or Coefficient
C20(7:0) of ADC miniDSP

42 0000 0000 Coefficient D2(15:8) for Left ADC Biquad C or Coefficient FIR14(15:8) for ADC FIR Filter or
Coefficient C21(15:8) of ADC miniDSP

43 0000 0000 Coefficient D2(7:0) for Left ADC Biquad C or Coefficient FIR14(7:0) for ADC FIR Filter or Coefficient
C21(7:0) of ADC miniDSP

24 0111 1111 Coefficient NO(15:8) for Left ADC Biquad D or Coefficient FIR15(15:8) for ADC FIR Filter or
Coefficient C22(15:8) of ADC miniDSP

45 1111 1111 Coefficient NO(7:0) for Left ADC Biquad D or Coefficient FIR15(7:0) for ADC FIR Filter or Coefficient
C22(7:0) of ADC miniDSP

16 0000 0000 Coefficient N1(15:8) for Left ADC Biquad D or Coefficient FIR16(15:8) for ADC FIR Filter or
Coefficient C23(15:8) of ADC miniDSP

47 0000 0000 Coefficient N1(7:0) for Left ADC Biquad D or Coefficient FIR16(7:0) for ADC FIR Filter or Coefficient
C23(7:0) of ADC miniDSP

48 0000 0000 Coefficient N2(15:8) for Left ADC Biquad D or Coefficient FIR17(15:8) for ADC FIR Filter or
Coefficient C24(15:8) of ADC miniDSP

49 0000 0000 Coefficient N2(7:0) for Left ADC Biquad D or Coefficient FIR17(7:0) for ADC FIR Filter or Coefficient
C24(7:0) of ADC miniDSP

50 0000 0000 Coefficient D1(15:8) for Left ADC Biquad D or Coefficient FIR18(15:8) for ADC FIR Filter or
Coefficient C25(15:8) of ADC miniDSP
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Table 106. Page 4 Registers (continued)
REGISTER
NUMBER RESET VALUE REGISTER NAME
51 0000 0000 Coefficient D1(7:0) for Left ADC Biquad D or Coefficient FIR18(7:0) for ADC FIR Filter or Coefficient
C25(7:0) of ADC miniDSP
52 0000 0000 Coefficient D2(15:8) for Left ADC Biquad D or Coefficient FIR19(15:8) for ADC FIR Filter or
Coefficient C26(15:8) of ADC miniDSP
53 0000 0000 Coefficient D2(7:0) for Left ADC Biquad D or Coefficient FIR19(7:0) for ADC FIR Filter or Coefficient
C26(7:0) of ADC miniDSP
54 0111 1111 Coefficient NO(15:8) for Left ADC Biquad E or Coefficient FIR20(15:8) for ADC FIR Filter or
Coefficient C27(15:8) of ADC miniDSP
55 1111 1111 Coefficient NO(7:0) for Left ADC Biquad E or Coefficient FIR20(7:0) for ADC FIR Filter or Coefficient
C27(7:0) of ADC miniDSP
56 0000 0000 Coefficient N1(15:8) for Left ADC Biquad E or Coefficient FIR21(15:8) for ADC FIR Filter or
Coefficient C28(15:8) of ADC miniDSP
57 0000 0000 Coefficient N1(7:0) for Left ADC Biquad E or Coefficient FIR21(7:0) for ADC FIR Filter or Coefficient
C28(7:0) of ADC miniDSP
58 0000 0000 Coefficient N2(15:8) for Left ADC Biquad E or Coefficient FIR22(15:8) for ADC FIR Filter or
Coefficient C29(15:8) of ADC miniDSP
59 0000 0000 Coefficient N2(7:0) for Left ADC Biquad E or Coefficient FIR22(7:0) for ADC FIR Filter or Coefficient
C29(7:0) of ADC miniDSP
60 0000 0000 Coefficient D1(15:8) for Left ADC Biquad E or Coefficient FIR23(15:8) for ADC FIR Filter or
Coefficient C30(15:8) of ADC miniDSP
61 0000 0000 Coefficient D1(7:0) for Left ADC Biquad E or Coefficient FIR23(7:0) for ADC FIR Filter or Coefficient
C30(7:0) of ADC miniDSP
62 0000 0000 Coefficient D2(15:8) for Left ADC Biquad E or Coefficient FIR24(15:8) for ADC FIR Filter or
Coefficient C31(15:8) of ADC miniDSP
63 0000 0000 Coefficient D2(7:0) for Left ADC Biquad E or Coefficient FIR24(7:0) for ADC FIR Filter or Coefficient
C31(7:0) of ADC miniDSP
64 0000 0000 Coefficient C32(15:8) of ADC miniDSP
65 0000 0000 Coefficient C32(7:0) of ADC miniDSP
66 0000 0000 Coefficient C33(15:8) of ADC miniDSP
67 0000 0000 Coefficient C33(7:0) of ADC miniDSP
68 0000 0000 Coefficient C34(15:8) of ADC miniDSP
69 0000 0000 Coefficient C34(7:0) of ADC miniDSP
70 0000 0000 Coefficient C35(15:8) of ADC miniDSP
71 0000 0000 Coefficient C35(7:0) of ADC miniDSP
72 0000 0000 Cge_fficient NO(15:8) for Right ADC programmabile first-order IIR or Coefficient C36(15:8) of ADC
miniDSP
73 0000 0000 qu_fficient NO(7:0) for Right ADC programmable first-order IR or Coefficient C36(7:0) of ADC
miniDSP
74 0000 0000 Coefficient N1(15:8) for Right ADC programmable first-order IR or Coefficient C37(15:8) of ADC
miniDSP
75 0000 0000 Cpgﬁicient N1(7:0) for Right ADC programmable first-order IIR or Coefficient C37(7:0) of ADC
miniDSP
76 0000 0000 Cge_fficient D1(15:8) for Right ADC programmabile first-order IIR or Coefficient C38(15:8) of ADC
miniDSP
77 0000 0000 qu_fficient D1(7:0) for Right ADC programmable first-order IR or Coefficient C38(7:0) of ADC
miniDSP
78 0000 0000 Coefficient NO(15:8) for Right ADC Biquad A or Coefficient FIR0(15:8) for ADC FIR Filter or
Coefficient C39(15:8) of ADC miniDSP
79 0000 0000 Coefficient NO(7:0) for Right ADC Biquad A or Coefficient FIRO(7:0) for ADC FIR Filter or Coefficient
C39(7:0) of ADC miniDSP
80 0000 0000 Coefficient N1(15:8) for Right ADC Biquad A or Coefficient FIR1(15:8) for ADC FIR Filter or
Coefficient C40(15:8) of ADC miniDSP
81 0000 0000 Coefficient N1(7:0) for Right ADC Biquad A or Coefficient FIR1(7:0) for ADC FIR Filter or Coefficient
C40(7:0) of ADC miniDSP
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Table 106. Page 4 Registers (continued)

REGISTER
NUMBER RESET VALUE REGISTER NAME

82 0000 0000 Coefficient N2(15:8) for Right ADC Biquad A or Coefficient FIR2(15:8) for ADC FIR Filter or
Coefficient C41(15:8) of ADC miniDSP

83 0000 0000 Coefficient N2(7:0) for Right ADC Biquad A or Coefficient FIR2(7:0) for ADC FIR Filter or Coefficient
C41(7:0) of ADC miniDSP

84 0000 0000 Coefficient D1(15:8) for Right ADC Bigquad A or Coefficient FIR3(15:8) for ADC FIR Filter or
Coefficient C42(15:8) of ADC miniDSP

85 0000 0000 Coefficient D1(7:0) for Right ADC Biquad A or Coefficient FIR3(7:0) for ADC FIR Filter or Coefficient
C42(7:0) of ADC miniDSP

86 0000 0000 Coefficient D2(15:8) for Right ADC Biquad A or Coefficient FIR4(15:8) for ADC FIR Filter or
Coefficient C43(15:8) of ADC miniDSP

87 0000 0000 Coefficient D2(7:0) for Right ADC Biquad A or Coefficient FIR4(7:0) for ADC FIR Filter or Coefficient
C43(7:0) of ADC miniDSP

a8 0000 0000 Coefficient NO(15:8) for Right ADC Bigquad B or Coefficient FIR5(15:8) for ADC FIR Filter or
Coefficient C44(15:8) of ADC miniDSP

89 0000 0000 Coefficient NO(7:0) for Right ADC Biquad B or Coefficient FIR5(7:0) for ADC FIR Filter or Coefficient
C44(7:0) of ADC miniDSP

90 0000 0000 Coefficient N1(15:8) for Right ADC Biquad B or Coefficient FIR6(15:8) for ADC FIR Filter or
Coefficient C45(15:8) of ADC miniDSP

91 0000 0000 Coefficient N1(7:0) for Right ADC Biquad B or Coefficient FIR6(7:0) for ADC FIR Filter or Coefficient
C45(7:0) of ADC miniDSP

92 0000 0000 Coefficient N2(15:8) for Right ADC Bigquad B or Coefficient FIR7(15:8) for ADC FIR Filter or
Coefficient C46(15:8) of ADC miniDSP

93 0000 0000 Coefficient N2(7:0) for Right ADC Biquad B or Coefficient FIR7(7:0) for ADC FIR Filter or Coefficient
C46(7:0) of ADC miniDSP

04 0000 0000 Coefficient D1(15:8) for Right ADC Biquad B or Coefficient FIR8(15:8) for ADC FIR Filter or
Coefficient C47(15:8) of ADC miniDSP

05 0000 0000 Coefficient D1(7:0) for Right ADC Biquad B or Coefficient FIR8(7:0) for ADC FIR Filter or Coefficient
C47(7:0) of ADC miniDSP

96 0000 0000 Coefficient D2(15:8) for Right ADC Bigquad B or Coefficient FIR9(15:8) for ADC FIR Filter or
Coefficient C48(15:8) of ADC miniDSP

97 0000 0000 Coefficient D2(7:0) for Right ADC Biquad B or Coefficient FIR9(7:0) for ADC FIR Filter or Coefficient
C48(7:0) of ADC miniDSP

08 0000 0000 Coefficient NO(15:8) for Right ADC Biquad C or Coefficient FIR10(15:8) for ADC FIR Filter or
Coefficient C49(15:8) of ADC miniDSP

99 0000 0000 Coefficient NO(7:0) for Right ADC Biquad C or Coefficient FIR10(7:0) for ADC FIR Filter or
Coefficient C49(7:0) of ADC miniDSP

100 0000 0000 Coefficient N1(15:8) for Right ADC Biguad C or Coefficient FIR11(15:8) for ADC FIR Filter or
Coefficient C50(15:8) of ADC miniDSP

101 0000 0000 Coefficient N1(7:0) for Right ADC Biquad C or Coefficient FIR11(7:0) for ADC FIR Filter or
Coefficient C50(7:0) of ADC miniDSP

102 0000 0000 Coefficient N2(15:8) for Right ADC Biquad C or Coefficient FIR12(15:8) for ADC FIR Filter or
Coefficient C51(15:8) of ADC miniDSP

103 0000 0000 Coefficient N2(7:0) for Right ADC Biquad C or Coefficient FIR12(7:0) for ADC FIR Filter or
Coefficient C51(7:0) of ADC miniDSP

104 0000 0000 Coefficient D1(15:8) for Right ADC Biguad C or Coefficient FIR13(15:8) for ADC FIR Filter or
Coefficient C52(15:8) of ADC miniDSP

105 0000 0000 Coefficient D1(7:0) for Right ADC Biquad C or Coefficient FIR13(7:0) for ADC FIR Filter or
Coefficient C52(7:0) of ADC miniDSP

106 0000 0000 Coefficient D2(15:8) for Right ADC Biquad C or Coefficient FIR14(15:8) for ADC FIR Filter or
Coefficient C53(15:8) of ADC miniDSP

107 0000 0000 Coefficient D2(7:0) for Right ADC Biquad C or Coefficient FIR14(7:0) for ADC FIR Filter or
Coefficient C53(7:0) of ADC miniDSP

108 0000 0000 Coefficient NO(15:8) for Right ADC Biquad D or Coefficient FIR15(15:8) for ADC FIR Filter or
Coefficient C54(15:8) of ADC miniDSP
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Table 106. Page 4 Registers (continued)

REGISTER
NUMBER RESET VALUE REGISTER NAME

109 0000 0000 Coefficient NO(7:0) for Right ADC Biquad D or Coefficient FIR15(7:0) for ADC FIR Filter or
Coefficient C54(7:0) of ADC miniDSP

110 0000 0000 Coefficient N1(15:8) for Right ADC Biquad D or Coefficient FIR16(15:8) for ADC FIR Filter or
Coefficient C55(15:8) of ADC miniDSP

111 0000 0000 Coefficient N1(7:0) for Right ADC Biquad D or Coefficient FIR16(7:0) for ADC FIR Filter or
Coefficient C55(7:0) of ADC miniDSP

112 0000 0000 Coefficient N2(15:8) for Right ADC Biquad D or Coefficient FIR17(15:8) for ADC FIR Filter or
Coefficient C56(15:8) of ADC miniDSP

113 0000 0000 Coefficient N2(7:0) for Right ADC Biquad D or Coefficient FIR17(7:0) for ADC FIR Filter or
Coefficient C56(7:0) of ADC miniDSP

114 0000 0000 Coefficient D1(15:8) for Right ADC Biquad D or Coefficient FIR18(15:8) for ADC FIR Filter or
Coefficient C57(15:8) of ADC miniDSP

115 0000 0000 Coefficient D1(7:0) for Right ADC Biquad D or Coefficient FIR18(7:0) for ADC FIR Filter or
Coefficient C57(7:0) of ADC miniDSP

116 0000 0000 Coefficient D2(15:8) for Right ADC Biquad D or Coefficient FIR19(15:8) for ADC FIR Filter or
Coefficient C58(15:8) of ADC miniDSP

117 0000 0000 Coefficient D2(7:0) for Right ADC Biquad D or Coefficient FIR19(7:0) for ADC FIR Filter or
Coefficient C58(7:0) of ADC miniDSP

118 0000 0000 Coefficient NO(15:8) for Right ADC Biquad E or Coefficient FIR20(15:8) for ADC FIR Filter or
Coefficient C59(15:8) of ADC miniDSP

119 0000 0000 Coefficient NO(7:0) for Right ADC Biquad E or Coefficient FIR20(7:0) for ADC FIR Filter or
Coefficient C59(7:0) of ADC miniDSP

120 0000 0000 Coefficient N1(15:8) for Right ADC Biquad E or Coefficient FIR21(15:8) for ADC FIR Filter or
Coefficient C60(15:8) of ADC miniDSP

121 0000 0000 Coefficient N1(7:0) for Right ADC Biquad E or Coefficient FIR21(7:0) for ADC FIR Filter or
Coefficient C60(7:0) of ADC miniDSP

122 0000 0000 Coefficient N2(15:8) for Right ADC Biquad E or Coefficient FIR22(15:8) for ADC FIR Filter or
Coefficient C61(15:8) of ADC miniDSP

123 0000 0000 Coefficient N2(7:0) for Right ADC Biquad E or Coefficient FIR22(7:0) for ADC FIR Filter or
Coefficient C61(7:0) of ADC miniDSP

124 0000 0000 Coefficient D1(15:8) for Right ADC Biquad E or Coefficient FIR23(15:8) for ADC FIR Filter or
Coefficient C62(15:8) of ADC miniDSP

125 0000 0000 Coefficient D1(7:0) for Right ADC Biquad E or Coefficient FIR23(7:0) for ADC FIR Filter or
Coefficient C62(7:0) of ADC miniDSP

126 0000 0000 Coefficient D2(15:8) for Right ADC Biquad E or Coefficient FIR24(15:8) for ADC FIR Filter or
Coefficient C63(15:8) of ADC miniDSP

127 0000 0000 Coefficient D2(7:0) for Right ADC Biquad E or Coefficient FIR24(7:0) for ADC FIR Filter or

Coefficient C63(7:0) of ADC miniDSP

Control Registers, Page 5: ADC Programmable Coefficients RAM (65:127)
Page 5 / Register 0 is the page control register as desribed below.

Page 5/ Register 0: Page Control Register®

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO R/W 0000 0000 | 0000 0000: Page 0 selected

0000 0001: Page 1 selected

iill 1110: Page 254 selected (reserved)
1111 1111: Page 255 selected (reserved)

(1) Valid pages are 0, 1, 4, 5, 32-47. All other pages are reserved (do not access).
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Table 107is a list of the page 5 registers, excepting the previously described register 0.

Table 107. Page 5 Registers

RNEUGI\LI?B-II-EERR SEESE REGISTER NAME
1 XXXX XXXX | Reserved. Do not write to this register.
2 0000 0000 | Coefficient C65(15:8) of ADC miniDSP
3 0000 0000 | Coefficient C65(7:0) of ADC miniDSP
4 0000 0000 | Coefficient C66(15:8) of ADC miniDSP
5 0000 0000 | Coefficient C66(7:0) of ADC miniDSP
6 0000 0000 | Coefficient C67(15:8) of ADC miniDSP
7 0000 0000 | Coefficient C67(7:0) of ADC miniDSP
8 0000 0000 | Coefficient C68(15:8) of ADC miniDSP
9 0000 0000 | Coefficient C68(7:0) of ADC miniDSP

10 0000 0000 | Coefficient C69(15:8) of ADC miniDSP
11 0000 0000 | Coefficient C69(7:0) of ADC miniDSP
12 0000 0000 | Coefficient C70(15:8) of ADC miniDSP
13 0000 0000 | Coefficient C70(7:0) of ADC miniDSP
14 0000 0000 | Coefficient C71(15:8) of ADC miniDSP
15 0000 0000 | Coefficient C71(7:0) of ADC miniDSP
16 0000 0000 | Coefficient C72(15:8) of ADC miniDSP
17 0000 0000 | Coefficient C72(7:0) of ADC miniDSP
18 0000 0000 | Coefficient C73(15:8) of ADC miniDSP
19 0000 0000 | Coefficient C73(7:0) of ADC miniDSP
20 0000 0000 | Coefficient C74(15:8) of ADC miniDSP
21 0000 0000 | Coefficient C74(7:0) of ADC miniDSP
22 0000 0000 | Coefficient C75(15:8) of ADC miniDSP
23 0000 0000 | Coefficient C75(7:0) of ADC miniDSP
24 0000 0000 | Coefficient C76(15:8) of ADC miniDSP
25 0000 0000 | Coefficient C76(7:0) of ADC miniDSP
26 0000 0000 | Coefficient C77(15:8) of ADC miniDSP
27 0000 0000 | Coefficient C77(7:0) of ADC miniDSP
28 0000 0000 | Coefficient C78(15:8) of ADC miniDSP
29 0000 0000 | Coefficient C78(7:0) of ADC miniDSP
30 0000 0000 | Coefficient C79(15:8) of ADC miniDSP
31 0000 0000 | Coefficient C79(7:0) of ADC miniDSP
32 0000 0000 | Coefficient C80(15:8) of ADC miniDSP
33 0000 0000 | Coefficient C80(7:0) of ADC miniDSP
34 0000 0000 | Coefficient C81(15:8) of ADC miniDSP
35 0000 0000 | Coefficient C81(7:0) of ADC miniDSP
36 0000 0000 | Coefficient C82(15:8) of ADC miniDSP
37 0000 0000 | Coefficient C82(7:0) of ADC miniDSP
38 0000 0000 | Coefficient C83(15:8) of ADC miniDSP
39 0000 0000 | Coefficient C83(7:0) of ADC miniDSP
40 0000 0000 | Coefficient C84(15:8) of ADC miniDSP
41 0000 0000 | Coefficient C84(7:0) of ADC miniDSP
42 0000 0000 | Coefficient C85(15:8) of ADC miniDSP
43 0000 0000 | Coefficient C85(7:0) of ADC miniDSP
44 0000 0000 | Coefficient C86(15:8) of ADC miniDSP
45 0000 0000 | Coefficient C86(7:0) of ADC miniDSP
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Table 107. Page 5 Registers (continued)

RNEL?’\I/I%II—EERR SEEE-EF REGISTER NAME
46 0000 0000 | Coefficient C87(15:8) of ADC miniDSP
47 0000 0000 | Coefficient C87(7:0) of ADC miniDSP
48 0000 0000 | Coefficient C88(15:8) of ADC miniDSP
49 0000 0000 | Coefficient C88(7:0) of ADC miniDSP
50 0000 0000 | Coefficient C89(15:8) of ADC miniDSP
51 0000 0000 | Coefficient C89(7:0) of ADC miniDSP
52 0000 0000 | Coefficient C90(15:8) of ADC miniDSP
53 0000 0000 | Coefficient C90(7:0) of ADC miniDSP
54 0000 0000 | Coefficient C91(15:8) of ADC miniDSP
55 0000 0000 | Coefficient C91(7:0) of ADC miniDSP
56 0000 0000 | Coefficient C92(15:8) of ADC miniDSP
57 0000 0000 | Coefficient C92(7:0) of ADC miniDSP
58 0000 0000 | Coefficient C93(15:8) of ADC miniDSP
59 0000 0000 | Coefficient C93(7:0) of ADC miniDSP
60 0000 0000 | Coefficient C94(15:8) of ADC miniDSP
61 0000 0000 | Coefficient C94(7:0) of ADC miniDSP
62 0000 0000 | Coefficient C95(15:8) of ADC miniDSP
63 0000 0000 | Coefficient C95(7:0) of ADC miniDSP
64 0000 0000 | Coefficient C96(15:8) of ADC miniDSP
65 0000 0000 | Coefficient C96(7:0) of ADC miniDSP
66 0000 0000 | Coefficient C97(15:8) of ADC miniDSP
67 0000 0000 | Coefficient C97(7:0) of ADC miniDSP
68 0000 0000 | Coefficient C98(15:8) of ADC miniDSP
69 0000 0000 | Coefficient C98(7:0) of ADC miniDSP
70 0000 0000 | Coefficient C99(15:8) of ADC miniDSP
71 0000 0000 | Coefficient C99(7:0) of ADC miniDSP
72 0000 0000 | Coefficient C100(15:8) of ADC miniDSP
73 0000 0000 | Coefficient C100(7:0) of ADC miniDSP
74 0000 0000 | Coefficient C101(15:8) of ADC miniDSP
75 0000 0000 | Coefficient C101(7:0) of ADC miniDSP
76 0000 0000 | Coefficient C102(15:8) of ADC miniDSP
77 0000 0000 | Coefficient C102(7:0) of ADC miniDSP
78 0000 0000 | Coefficient C103(15:8) of ADC miniDSP
79 0000 0000 | Coefficient C103(7:0) of ADC miniDSP
80 0000 0000 | Coefficient C104(15:8) of ADC miniDSP
81 0000 0000 | Coefficient C104(7:0) of ADC miniDSP
82 0000 0000 | Coefficient C105(15:8) of ADC miniDSP
83 0000 0000 | Coefficient C105(7:0) of ADC miniDSP
84 0000 0000 | Coefficient C106(15:8) of ADC miniDSP
85 0000 0000 | Coefficient C106(7:0) of ADC miniDSP
86 0000 0000 | Coefficient C107(15:8) of ADC miniDSP
87 0000 0000 | Coefficient C107(7:0) of ADC miniDSP
88 0000 0000 | Coefficient C108(15:8) of ADC miniDSP
89 0000 0000 | Coefficient C108(7:0) of ADC miniDSP
90 0000 0000 | Coefficient C109(15:8) of ADC miniDSP
91 0000 0000 | Coefficient C109(7:0) of ADC miniDSP
92 0000 0000 | Coefficient C110(15:8) of ADC miniDSP
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Table 107. Page 5 Registers (continued)

RNEL?’\I/I%LERR SEEE-EF REGISTER NAME
93 0000 0000 | Coefficient C110(7:0) of ADC miniDSP
94 0000 0000 | Coefficient C111(15:8) of ADC miniDSP
95 0000 0000 | Coefficient C111(7:0) of ADC miniDSP
96 0000 0000 | Coefficient C112(15:8) of ADC miniDSP
97 0000 0000 | Coefficient C112(7:0) of ADC miniDSP
98 0000 0000 | Coefficient C113(15:8) of ADC miniDSP
99 0000 0000 | Coefficient C113(7:0) of ADC miniDSP
100 0000 0000 | Coefficient C114(15:8) of ADC miniDSP
101 0000 0000 | Coefficient C114(7:0) of ADC miniDSP
102 0000 0000 | Coefficient C115(15:8) of ADC miniDSP
103 0000 0000 | Coefficient C115(7:0) of ADC miniDSP
104 0000 0000 | Coefficient C117(15:8) of ADC miniDSP
105 0000 0000 | Coefficient C117(7:0) of ADC miniDSP
106 0000 0000 | Coefficient C117(15:8) of ADC miniDSP
107 0000 0000 | Coefficient C117(7:0) of ADC miniDSP
108 0000 0000 | Coefficient C118(15:8) of ADC miniDSP
109 0000 0000 | Coefficient C118(7:0) of ADC miniDSP
110 0000 0000 | Coefficient C119(15:8) of ADC miniDSP
111 0000 0000 | Coefficient C119(7:0) of ADC miniDSP
112 0000 0000 | Coefficient C120(15:8) of ADC miniDSP
113 0000 0000 | Coefficient C120(7:0) of ADC miniDSP
114 0000 0000 | Coefficient C121(15:8) of ADC miniDSP
115 0000 0000 | Coefficient C121(7:0) of ADC miniDSP
116 0000 0000 | Coefficient C122(15:8) of ADC miniDSP
117 0000 0000 | Coefficient C122(7:0) of ADC miniDSP
118 0000 0000 | Coefficient C123(15:8) of ADC miniDSP
119 0000 0000 | Coefficient C123(7:0) of ADC miniDSP
120 0000 0000 | Coefficient C124(15:8) of ADC miniDSP
121 0000 0000 | Coefficient C124(7:0) of ADC miniDSP
122 0000 0000 | Coefficient C125(15:8) of ADC miniDSP
123 0000 0000 | Coefficient C125(7:0) of ADC miniDSP
124 0000 0000 | Coefficient C126(15:8) of ADC miniDSP
125 0000 0000 | Coefficient C126(7:0) of ADC miniDSP
126 0000 0000 | Coefficient C127(15:8) of ADC miniDSP
127 0000 0000 | Coefficient C127(7:0) of ADC miniDSP

Control Registers, Page 32: ADC DSP Engine Instruction RAM (0:31)

Control registers from Page 32 — Page 47 contain instruction RAM for the ADC miniDSP. There are 32
instructions / page and 16 pages so the TLV320ADC3101-Q1 miniDSP supports 512 instructions.
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Page 32 / Register 0: Page Control Register®

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO R/W 0000 0000 | 0000 0000: Page O selected

0000 0001: Page 1 selected

-1"111 1110: Page 254 selected (reserved)
1111 1111: Page 255 selected (reserved)

(1) Valid pages are 0, 1, 4, 5, 32-47. All other pages are reserved (do not access).

Page 32 / Register 1: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D0O R/W XXXX XXXX | Reserved. Write only the default value to this register
Page 32 / Register 2: Inst_0(19:16)
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D4 R/W XXXX Reserved
D3-D0 R/W XXXX Instruction Inst_0(19:16) of ADC miniDSP
Page 32 / Register 3: Inst_0(15:8)
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-DO R/W XXXX XXXX | Instruction Inst_0(15:8) of ADC miniDSP
Page 32 / Register 4: Inst_0(7:0)
READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D0O R/W XXXX XXXX | Instruction Inst_0(7:0) of ADC miniDSP

Page 32 / Register 5 Through Page 32 / Register 97

The remaining unreserved registers on page 32 are arranged in groups of three, with each group containing the
bits of one instruction. The arrangement is the same as that of registers 2—4 for Instruction 0. Registers 5-7,
8-10, 11-13, ..., 95-97 contain instructions 1, 2, 3, ..., 31, respectively.

Page 32 / Register 98 Through Page 32 / Register 127: Reserved

READ/ RESET
BIT WRITE VALUE DESCRIPTION
D7-D0 R/W XXXX XXXX | Reserved. Write only the default value to this register

Control Registers, Pages 33-47: ADC DSP Engine Instruction RAM (32:63) Through (480:511)

The structuring of the registers within pages 33-43 is identical to that of page 32. Only the instruction numbers
differ. The range of instructions within each page is listed in the following table.

Page Instructions
33 32to 63
34 64 to 95
35 96 to 127
36 128 to 159
37 160 to 191
38 192 to 223
39 224 to 255
40 256 to 287
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Page Instructions
41 288 to 319
42 320 to 351
43 352 to 383
44 384 to 415
45 416 to 447
46 448 to 479
47 480 to 511
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REVISION HISTORY
Changes from Revision A (March, 2012) to Revision B Page

e Changed the first sentence in the first paragraph after Fig. 32 from: "The TLV320ADC3101-Q1 includes three
analog audio input pins, which can be configured as one fully-differential pair and one single-ended input, or as
three single-ended audio inputs.” to: "The TLV320ADC3101-Q1 includes three analog audio input pins, which can
be configured as three fully differential inputs, three single-ended audio inputs, or any variation thereof." ..................... 30
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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): Tl'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.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side 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 Top-Side Marking for that device.

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.

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.

OTHER QUALIFIED VERSIONS OF TLV320ADC3101-Q1 :
o Catalog: TLV320ADC3101

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
I Drawing Qty %) (3) (4)
6PADC3101TRGERQ1 ACTIVE VQFN RGE 24 3000 Green (RoHS CUNIPDAU  Level-3-260C-168 HR ~ -40 to 105 ADC
& no Sh/Br) 3101Q
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NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
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Cavity AR <

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length

K0 | Dimension designed to accommodate the component thickness

v W | Overall width of the carrier tape

+.,

P1 | Pitch between successive cavity centers

TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)

6PADC3101TRGERQ1 | VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
6PADC3101TRGERQ1 VQFN RGE 24 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RGEO0024B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

. on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 25
78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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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 © 2018, Texas Instruments Incorporated
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