ANALOG
DEVICES SigmaDSP Digital Audio Processor

ADAU1452/ADAU14351/ADAU1430

FEATURES I2C and SPI control interfaces (both slave and master)
Qualified for automotive applications Standalone operation
Fully programmable audio DSP for enhanced sound processing Self boot from serial EEPROM
Features SigmaStudio, a proprietary graphical programming 6-channel, 10-bit SAR auxiliary control ADC
tool for the development of custom signal flows 14 multipurpose pins for digital controls and outputs
Up to 294.912 MHz, 32-bit SigmaDSP core at 1.2V On-chip regulator for generating 1.2V from 3.3V supply
Up to 6144 SIMD instructions per sample at 48 kHz 72-lead, 10 mm x 10 mm LFCSP package with 5.3 mm
Up to 40 kWords of parameter/data RAM exposed pad
Up to 800 ms digital audio delay pool at 48 kHz Available in two temperature ranges:
Audio input/output and routing —40°Cto +105°C
4 serial input ports, 4 serial output ports 0°Cto +70°C
48-channel, 32-bit digital input/output up to a sample rate APPLICATIONS
of 192 kHz Automotive audio processing
Flexible configuration for TDM, IS, left and right justified .
Head units
formats, and PCM Navigation systems
Up to 8 stereo ASRCs from 1:8 up to 7.75:1 ratio and X
139 dB DNR Rear seat entertainment systems

DSP amplifiers (sound system amplifiers)
Commercial and professional audio processing
Consumer audio processing

Stereo S/PDIF input and output (not on the ADAU1450)

Four PDM microphone input channels

Multichannel, byte addressable, TDM serial ports
Clock oscillator for generating master clock from crystal
Integer PLL and flexible clock generators
Integrated die temperature sensor
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SCLK, SCL, MOSI, ADDR1, SS, AND ADDRO PINS.

11486-001

Figure 1.

Rev.D Document Feedback
Information fumished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other
rights of third parties that may result from its use. Specifications subject to change without notice. No One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
license is granted by implication or otherwise under any patent or patent rights of Analog Devices. Tel: 781.329.4700 ©2013-2018 Analog Devices, Inc. All rights reserved.
Trademarks and regi ltrademarks are the property of their respective owners. Technical Support www.analog.com



https://form.analog.com/Form_Pages/feedback/documentfeedback.aspx?doc=ADAU1452_1451_1450.pdf&product=ADAU1452%20ADAU1451%20ADAU1450&rev=C
http://www.analog.com/en/content/technical_support_page/fca.html
http://www.analog.com/
http://www.analog.com/ADAU1450?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1450?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1452?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1452?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1451?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1451?doc=ADAU1452_1451_1450.pdf
http://www.analog.com
http://www.analog.com/ADAU1450?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1452?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1451?doc=ADAU1452_1451_1450.pdf

ADAU1452/ADAU1451/ADAU1430

TABLE OF CONTENTS

FEAtUIES .....ouvvvircs s 1 Auxiliary ADC......cooiiiiicincisciciciceisssssssssee 88
APPLICALIONS ...evreeerereieieieieieee e iseisessese st sesseseesessessennes 1 SIGMADISP COTE ..ot seseiseisesseseesensennes 88
Functional Block Diagram—ADAU1452/ADAU1451 ................. 1 Software Features ... 93
Revision HiStOry ... 3 Pin Drive Strength, Slew Rate, and Pull Configuration........ 94
Functional Block Diagram—ADAUI450 ...........cccccocvcuneuremeucnnnnn. 5 Global RAM and Control Register Map..........ccccevcuveureuremreennnn. 96
General Description ... 6 Random Access MEMOIY ......ccuweuimieiicinineieisieenessienns 96
Differences Between the ADAU1452, ADAU1452-150, Control Registers OVErvieW .........ccuvcereureereeeeerersersersessesenennes 97
ADAU1452K, ADAU1451, and ADAUL450 ..o 6 Control Register Details .........ccococuninininiiincincinciciccisicies 107
SPECHICAIONS oo 7 PLL Configuration Registers ..........cccoocreuriemcuncuncrneurerneennnes 107
Electrical Characteristics.........coeueeuemeiuiunermeieniuemeiescnsenennnns 11 Clock Generator Registers
Timing Specifications .........cucueveeeurerermeenerereeereneneeeesenenenes 12 Power Reduction Registers
Absolute Maximum Ratings.........cccocvcuveureeiemncencenceneuscneeenenns 21 Audio Signal Routing Registers
Thermal Characteristics ........cocoeveureureririncencencenererseeeeieens 21 Serial Port Configuration Registers
Maximum POWer DisSipation ..eevvvrecressnseresmessrssnesneso 21 Flexible TDM Interface Registers............ccccoeueuvcuncuncurcurennnnes 128
ESD Caution.......cvieieieieiininiicieiee e 22 DSP Core CONtrol REGISters..........evroeroersrsoersersrsoersee 132
Pin Configuration and Function Descriptions...........cceccevuuen. 23 Debug and Reliability RegiSters.............oc.eersrrsersrrsrr 137
Theory of Operation ... 28 DSP Program EXecution REgiSters. ..., 146
System Block Diagram.........cccuccuveuveiinieneiincnncinciecneieinns 28 Multipurpose Pin Configuration Registers................. 149
OVEIVIEW werrrrissnssrismsssmssmss s s 28 ASRC Status and Control Registers...........ccccccvcuvcureueeucecnnce 154
INItialiZation ......coueveieiiciciiecc s 30 AUKIHArY ADC REGISTELS...erserrcerersesessessessessesseesee 158
Master Clock, PLL, and Clock Generators..........cc.ceceveeeeuenee 33 S/PDIF INterface REGISIES c.vvvrvrersersersersersersessessrssee 159
Power Supplies, Voltage Regulator, and Hardware Reset...... 40 Hardware Interfacing Registers..........cceuuveuevercuneeenmrercnennnns 172
Temperature Sensor DIOde. ..o cvemcvsmrvsmsvsmsosnscrsncn 42 Soft Reset ReGISter........cocuiuiuiicincicieieeeee e 190
Slave Control Ports Applications Information ..........ceeceeveerereenereeneneeeeneeeenceeneeenenns 191
Master Control Ports PCB Design Considerations ............ccccecveueieecuncineienerneieinnes 191
Self BOOt ... Typical Applications Block Diagram .........cccocveeveureereecvennces 192
Audio Signal Routing Example PCB Layout ........cccocuvcuniuncurininicincincncisciccesisienns 193
Serial Data INPUL/OULPUL ..o 65 PCB Manufacturing Guidelines ..........cccoecoeuecuecuvcuncuncneennces 194
Flexible TDM INtEfaCe...occvomimssssssmsnsnssssssnssssssssnsns 76 Outline DiMensions ... 195
Asynchronous Sample Rate Converters 81 Ordering GUIde ... 195
Digital PDM Microphone Interface.........ooveeevsrvssce 84 Automotive PrOdUCES .........ocveucveiunciciieicicee s 195
Multipurpose Pins ... 85

Rev.D | Page 2 of 195




ADAU1452/ADAU1451/ADAU1430

REVISION HISTORY

7/2018—Rev. C to Rev. D

Changes to Features Section .........ccccccuvcuveureurecincencuncenenrceeeenenns
Added Table 1; Renumbered Sequentially
Changes to General Description Section, Differences Between
the ADAU1452, ADAU1452-150, ADAU1452K, ADAU1451,

and ADAU1450 Section, and Table 2 ........c.cccoveveucrncrnerrcercencnnees 4
Changes to Specifications Section and Table 3.........ccccecvercuunce. 7
Changes t0 Table 4 ... 9
Changes to Table 5 ..o 11
Changes to Auxiliary ADC Section, Table 6, and Master Clock

INPUL SECHION ..ttt 12
Changes to Reset SECHiON .....c.cceveverererreerceneemereneineeeeeesenenenn: 13
Changes to Serial Ports Selection Section and Table 9............... 14

Changes to Figure 6, Multipurpose Pins Section, Table 10,
S/PDIF Transmitter Section, Table 11, and S/PDIF Receiver
SECHOM ot
Change to I’C Interface—Slave Section
Change I’C Interface—Master Section
Change SPI Interface—Slave Section
Change SPI Interface—Master Section
Change to PDM Inputs Section

Deleted Table 20; Renumbered Sequentially..........cccccoecveneaeecs 21
Added Table 24 ... s 21
Changes to Table 18, Thermal Characteristics Section, Table 20,
Table 21, Table 22, and Table 23..........cccooeuvrverrervererrcrrcrrenennns 21
Added Table 25 ... s 22
Changes t0 Table 26 ........ccocuevvineicireieeeieieeeneeeeneceseneneees 23
Changes to Overview Section..........ccwiccinieniinciinseinciinnns 28

Changes to Figure 14
Changes to Recommended Program/Parameter Loading
Procedure Section and Table 27 ..o, 32
Changes to Setting the Master Clock and PLL Mode Section
and Figure 16
Changes to Example PLL Settings Section and Table 28
Changes to PLL Filter Section and Table 29 ..........ccccccecvenunucee.
Changes to Clock Generators Section and Figure 18.................
Deleted Figure 19 ........cccciiricincencincinciecieeeeseesesessesessesenns
Added FIGUIE 19 .....cuveiicicireieeeieneieineisciseaesessessesseisessessssessennes
Changes to Figure 20 and Figure 21 .........ccccoeuoruvcuncncncunccnncenn.

Changes to Master Clock Output Section and Figure 22 .......... 39
Moved FIGUIE 23 .......ocueeeieireeeeeneneneiesesseaensesessessessessssensessenns 40
Changes to Power Supplies Section, Table 31, and Voltage

Regulator SECtiON ... s 40
Change to I’C Slave Port SeCtion ..........c.ceveeveeeerererreeermerseeennens 44
Change to SPI Slave Port Section and Table 36.........ccccoocruueneee. 47
Changes to I*C Master Interface Section .50
Changes t0 Table 39 ..o nessesenaeees 51

Deleted Figure 45
Changes to S/PDIF Receiver Inputs to DSP Core Section......... 57
Changes to Digital PDM Microphone Interface Section and

FIGUIE 72 .ottt 84
Changes to Programming the SigmaDSP Core Section ............ 90
Added Table 60 ..o 91

Changes t0 Table 61 ......c.ccveuveureeeercinerneereeneenenerenseeserseseesessenens 92
Changes to Software Safeload Section and Table 62 .................. 93

Changes to Table 65, Table 66, and Table 67 ..........cccccoveureueeunncee 96
Changes to Table 68 ... 101
Changes to PLL Configuration Registers Section..................... 107
Changes to Table 74 ..o 110
Changes to Clock Generator Registers Section............cccoeeee.. 112
Changes to Power Reduction Registers Section.............c......... 116
Changes to Audio Signal Routing Registers Section................ 119
Changes to Serial Port Configuration Registers Section ......... 124
Changes to Flexible TDM Interface Registers Section............. 128
Changes to Table 97 ... 135
Changes to Debug and Reliability Registers Section................ 137

Added Software Panic Value Register 0 Section, Table 109,

Software Panic Value Register 1 Section, and Table 110.......... 144
Changes to DSP Program Execution Registers Section
Changes to Multipurpose Pin Configuration Registers

SECHOM ettt e 149
Changes to ASRC Status and Control Registers Section ......... 154
Changes to Auxiliary ADC Registers Section.........cccccvuuuneee. 158
Changes to S/PDIF Interface Registers Section ...........cccouce. 159
Changes to Hardware Interfacing Registers Section................. 172
Changes to Soft Reset Registers Section ............cccceceveueceeeucunecn. 190
Changes to Component Placement Section ..........ccccecuevucuenee 191
Changes t0 FIGUIe 86 .......coceveverernernerneeneeneenenenensessessesensenenne 192
Changes to Example PCB Layout Section and Figure 88 ........ 193
Changes to Ordering Guide.........ccccveureureurererernernernerrerreeenenenn. 195
Changes to Automotive Products Section ...........cccccecuvcuriunneee. 195

7/2014—Rev. B to Rev. C
Changes to SCL_M/SCLK_M/MP2 Pin Description,

Table 23 ... s 19
Change to PLL Lock Register Section ..........ccceeveuevveeniuncunnennes 96
Changes to Ordering Guide..........ccccocuviunirieincincncinerieccicenn. 180
5/2014—Rev. A to Rev. B

Reorganized Layout ..........c.cccweeeeneurereneneenernenseeenennnns Universal
Added ADAU1452 and ADAU1451 ......cvvuvevecrererrernennnes Universal
Changes to Features SECtion ..., 1
Moved Revision History Section...........cccccvicicincincincnienininincnnas 3
Changes to General Description SeCtion..........cecuvcureercereeerenennes 4

Added Differences Between the ADAU1452, ADAU1451, and
ADAU1450 Section and Table 1, Renumbered Sequentially .......4
Added Functional Block Diagram—ADAU1450 Section and
Figure 2, Renumbered Sequentially.........cccceeeuernernerncuncrneeeennennes 5
Changes to Table 2
Changes to Table 3
Changes to Table 6
Changes to Maximum Power Dissipation Section, Table 19,
and Table 20 ......cccccoecveuvivecncnnes

Added Table 21 and Table 22
Changes to Figure 12 and Table 23.........ccocoeververnernercrrcrecnennns 18
Changes to Overview Section..........ccccccvcvicicincincincincnncenisiens 22

Rev.D | Page 3 of 195




ADAU1452/ADAU1451/ADAU1430

Change to Clocking Overview Section and Power-Up

SeqUENCE SECHION ...cucvreuieecerieiecciete e eeaene 24
Changes to Setting the Master Clock and PLL Mode Section.. 27
Changes to Example PLL Settings Section and Table 25........... 28
Changed PLL Loop Filter Section to PLL Filter Section............ 29
Changes to PLL Filter Section, Figure 17 Caption, and

TABIE 26 ..o s 29
Changes to Clock Generators SECtion ...........cceeveuciccercicinnenn. 30
Changes to Master Clock Output Section...........coceeeeveureueuennn. 31
Changes to I*C Slave Port SEction ..........c.ecveeeeeeereeneeseeereerersnenne 35
Changes to Audio Signal Routing Section ..........cccccecveeecuecunce 43
Changes to Serial Audio Inputs to DSP Core Section................ 44

Changes to Asynchronous Sample Rate Converter Input
Routing SECtion........cceuiviicmciiiniicciice e
Change to Serial Input Ports Section
Changes to Asynchronous Sample Rate Converters Section.... 68
Changes to S/PDIF Interface Section and S/PDIF Receiver
SECHOMN ... 69

Changes to Auxiliary Output Mode Section..........cccoeeeveeeveennec.
Change to Digital PDM Microphone Interface Section
Changes to SigmaDSP Core Section...........ceeeveereereereeneeenenenne
Changes to Soft Reset Function Section...........ceeveeveeeeeerceennncs
Changes to Random Access Memory Section...........ccccvcueenee.
Added Table 62 and Table 63 ..........cccocveeiriemcncncrcrceceeeenennas

Changes t0 Table 84 .......c.cceveueuneineinerreenieieeneineiseeseeeeensensenns

Changed PLL Loop Filter Section to PLL Filter Section.......... 176
Change to EOS/ESD Protection Section ..........c..cecvceeeeeerennee 177
Change to PCB Manufacturing Guidelines Section ................ 179
Changes to Ordering Guide..........cceuveuevreurernerrerrerenneesennennn. 180

1/2014—Rev. 0 to Rev. A
Changed S/PDIF Transceiver and Receiver Maximum Audio
Sample Rate from 192 kHz to 96 kHz; Table 9 and Table 10.......9

10/2013—Revision 0: Initial Version

Rev.D | Page 4 of 195




ADAU1452/ADAU1451/ADAU1430

FUNCTIONAL BLOCK DIAGRAM—ADAU1430

g o u
5 £ Lo o
e o &8 S 5
o [ [a)a) = o
™ ) < § | |
| = x < <
w o 23 - -
SPIN2C* sPIc* ® = I PLLFILT x x
) e O
ADAU1450 ? \}l . .. T %
1 Y 1
VDRIVE REGULATOR
12C/SPI | | 12C/SPI GPIO/ PLL cLock L. & cikout
THD P TEMPERATURE SLAVE MASTER AUX ADC OSCILLATOR
THD_M SENSOR
INPUT AUDIO E D OUTPUT AUDIO
ROUTING MATRIX PERFORMANCE AUDIO ROUTING MATRIX
147.456MHz
PROGRAMMABLE AUDIO
PROCESSING CORE
RAM, ROM, WATCHDOG,
MEMORY PARITY CHECK
SDATA_IN3 TO SDATA_INO SERIAL DATA [T X SDATA_OUT3 TO SDATA_OUTO
(48-CHANNEL INPUT PORTS SERIAL DATA | (48-CHANNEL -
DIGITAL AUDIO (x4) OUTPUT PORTS > DIGITAL AUDIO
INPUTS) (x4) OUTPUTS)
S
DIGITAL
MIC INPUT
BCLK_IN3 TO BCLK_INO/ CITB%T( DEJITTER AND %lIJ_BF;:UKT BCLK_OUT3 TO BCLK_OUTO
LRCLK_IN3 TO LRCLK_INO LRCLK_OUT3 TO LRCLK_OUT0
(INPUT CLOCK PAIRS) DO(I\:I‘»:«)INS CLOCK GENERATOR Dom\)ms (OUTPUT CLOCK PAIRS)
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SCLK, SCL, MOSI, ADDR1, SS, AND ADDRO PINS.
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GENERAL DESCRIPTION

The ADAU1452/ADAU1451/ADAU1450 are automotive qualified
audio processors that far exceed the digital signal processing
capabilities of earlier SigmaDSP® devices. The restructured
hardware architecture is optimized for efficient audio processing.
The audio processing algorithms are realized in sample-by-sample
and block-by-block paradigms that can both be executed
simultaneously in a signal processing flow created using the
graphical programming tool, SigmaStudio™. The restructured
digital signal processor (DSP) core architecture enables some
types of audio processing algorithms to be executed using
significantly fewer instructions than were required on previous
SigmaDSP generations, leading to vastly improved code
efficiency.

The 1.2V, 32-bit DSP core can run at frequencies of up to
294.912 MHz and execute up to 6144 instructions per sample at
the standard sample rate of 48 kHz. However, in addition to
industry-standard rates, a wide range of sample rates are available.
The integer PLL and flexible clock generator hardware can generate
up to 15 audio sample rates simultaneously. These clock generators,
along with the on-board asynchronous sample rate converters
(ASRCs) and a flexible hardware audio routing matrix, make the
ADAU1452/ADAU1451/ADAU1450 ideal audio hubs that greatly
simplify the design of complex multirate audio systems.

The ADAU1452/ADAU1451/ADAU1450 interface with a wide
range of analog-to-digital converters (ADCs), digital-to-analog
converters (DACs), digital audio devices, amplifiers, and
control circuitry, due to their highly configurable serial ports,
S/PDIF interfaces (on the ADAU1452 and ADAU1451), and
multipurpose input/output pins. The devices can also directly
interface with pulse density modulation (PDM) output
microelectromechanical (MEMS) microphones, due to
integrated decimation filters specifically designed for that
purpose.

Independent slave and master I’C/serial peripheral interface (SPI)
control ports allow the ADAU1452/ADAU1451/ADAU1450 not
only to be programmed and configured by an external master
device, but also to act as masters that can program and configure
external slave devices directly. This flexibility, combined with self
boot functionality, enables the design of standalone systems that
do not require any external input to operate.

Table 2. Product Selection Table

The power efficient DSP core executes full programs, consumes
only a few hundred milliwatts (mW) of power, and can run at a
maximum program load while consuming less than a watt, even
in worst case temperatures exceeding 100°C. This relatively low
power consumption and small footprint make the ADAU1452/
ADAU1451/ADAU1450 ideal replacements for large, general-
purpose DSPs that consume more power at the same processing
load. Note that the ADAU1452K grade device is only specified
for the 0°C to 70°C temperature range but is otherwise identical
to the ADAU1452. In this data sheet, references to the ADAU1452
refer to the ADAU1452 and the ADAU1452K, except where noted.

DIFFERENCES BETWEEN THE ADAU1452,
ADAU1452-150, ADAU1452K, ADAU1451, AND
ADAU1450

This data sheet simplifies the ordering number to the device
models listed in Table 1.

Table 1. Product Part Number Conventions

Model Number Device Number
ADAU1452WBCPZ ADAU1452
ADAU1452WBCPZ150 ADAU1452-150
ADAU1451WBCPZ ADAU1451
ADAU1450WBCPZ ADAU1450
ADAU1452KCPZ ADAU1452K

The five variants of this device are differentiated by memory,
DSP core frequency, availability of S/PDIF interfaces, ASRC
configuration, and temperature range. A detailed summary of
the differences is listed in Table 2.

The ADAU1452, ADAU1452-150, and the ADAU1452K are
referred to as the ADAU1452 throughout this data sheet. Any
exceptions are noted in the relevant sections of the data sheet.

Because the ADAU1450 does not contain an S/PDIF receiver or
transmitter, the SPDIFIN and SPDIFOUT pins are nonfunctional.
Additionally, the settings of any registers related to the S/PDIF
input or output in the ADAU1450 do not have any effect on the
operation of the device.

Because the ADAU1450 does not contain ASRCs, the settings of
any registers related to the ASRCs in the ADAU1450 do not
have any effect on the operation of the device.

DSP Core
Data Memory | Program Memory Frequency S/PDIF Input and Temperature

Device Number | (kWords) (kWords) (MHz) Output ASRC Configuration Range (°C)

ADAU1452 40 8 294.912 Available 16 channels (8 rates x | —40to +105
2 channels per rate)

ADAU1452-150 | 40 8 147.456 Available 16 channels (8 rates x | —40to +105
2 channels per rate)

ADAU1452K 40 8 294.912 Available 16 channels (8 rates x | 0to +70
2 channels per rate)

ADAU1451 16 8 294912 Available 16 channels (8 rates x | —40to +105
2 channels per rate)

ADAU1450 8 8 147.456 MHz Not available No ASRCs included —40to +105
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SPECIFICATIONS

AVDD =33V +10%, DVDD =12V + 5%, PVDD =33V + 10%, IOVDD = 1.8 V — 5% to 3.3 V + 10%, Ta = 25°C, master clock input =
12.288 MHz, core clock (fcore) = 294.912 MHz, 1/O pins set to low drive setting, unless otherwise noted.

Table 3.
Parameter Min Typ Max Unit | Test Conditions/Comments
POWER
Supply Voltage
Analog Voltage (AVDD Pin) 2.97 33 3.63 " Supply for analog circuitry, including auxiliary ADC
Digital Voltage (DVDD Pin) 1.14 1.2 1.26 Vv Supply for digital circuitry, including the DSP core, ASRCs, and
signal routing
PLL Voltage (PVDD Pin) 2.97 33 3.63 Vv Supply for phase-locked loop (PLL) circuitry
I/0 Supply Voltage (IOVDD Pin) 1.71 33 3.63 Vv Supply for input/output circuitry, including pads and level shifters
Supply Current
Analog Current (AVDD Pin) 1.5 1.73 2 mA
Idle State 0 5 40 HA Power applied, chip not programmed
Reset State 1.9 6.5 40 HA Power applied, RESET held low
PLL Current (PVDD Pin) 9.5 10 13 mA 12.288 MHz MCLK with default PLL settings
Idle State 0 7.3 40 pA Power applied, PLL not configured
Reset State 39 8.5 40 HA Power applied, RESET held low
I/0 Current (IOVDD Pin) Dependent on the number of active serial ports, clock pins, and
characteristics of external loads
Operation State 53 mA IOVDD = 3.3 V; all serial ports are clock masters
22 mA IOVDD = 1.8 V; all serial ports are clock masters
Power-Down State 0.3 25 mA IOVDD =18V -5%1t03.3V+10%
Digital Current (DVDD Pin)
Operation State,
ADAU1452/ADAU1452K
Maximum Program 350 415 mA
Typical Program 100 mA Test program includes 16-channel I/O, 10-band EQ per channel,
all ASRCs active
Minimal Program 85 mA Test program includes 2-channel I/0, 10-band EQ per channel
Operation State, ADAU1452-150
Maximum Program 125 250 mA feore = 147.456 MHz
Typical Program 75 mA Test program includes 16-channel I/O, 10-band EQ per channel,
all ASRCs active, fcore = 147.456 MHz
Operation State, ADAU1451
Maximum Program 350 415 mA
Typical Program 100 mA Test program includes 16-channel I/O, 10-band EQ per channel,
all ASRCs active
Minimal Program 85 mA Test program includes 2-channel I/0, 10-band EQ per channel
Operation State, ADAU1450
Maximum Program 125 250 mA feore = 147.456 MHz
Typical Program 65 mA Test program includes 16-channel 1/0, 10-band EQ per channel,
fcore = 147.456 MHz
Minimal Program 55 mA Test program includes 2-channel I/0, 10-band EQ per channel,
fcore = 147.456 MHz
Idle State 20 95 mA Power applied, DSP not enabled
Reset State 20 95 mA Power applied, RESET held low
ASYNCHRONOUS SAMPLE RATE
CONVERTERS
Dynamic Range 139 dB A-weighted, 20 Hz to 20 kHz
I/0 Sample Rate 6 192 kHz
I/0 Sample Rate Ratio 1:8 7.75:1
THD + N -120 dB
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Parameter Min Typ Max Unit | Test Conditions/Comments
CRYSTAL OSCILLATOR
Transconductance 83 10.6 134 mS
REGULATOR
DVDD Voltage 1.14 1.2 Vv Regulator maintains typical output voltage up to a maximum
800 mA load; IOVDD =1.8V —5%to 3.3V +10%
1.26 Vv Regulator maximum output voltage with a minimum 1 mA load;
IOVDD =1.8V -5%103.3V+ 10%
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AVDD =33V £10%, DVDD =12V + 5%, PVDD =3.3V + 10%, IOVDD = 1.8 V - 5% to 3.3 V + 10%, Ta = —40°C to +105°C,
master clock input = 12.288 MHz, core clock (fcore) = 294.912 MHz, I/O pins set to low drive setting, unless otherwise noted.

Table 4.
Parameter Min Typ Max Unit | Test Conditions/Comments
POWER
Supply Voltage
Analog Voltage (AVDD Pin) 297 33 3.63 Vv Supply for analog circuitry, including auxiliary ADC
Digital Voltage (DVDD Pin) 114 1.2 1.26 Y Supply for digital circuitry, including the DSP core, ASRCs, and signal routing
PLL Voltage (PVDD Pin) 297 33 3.63 Y Supply for PLL circuitry
IOVDD Voltage (IOVDD Pin) 1.71 33 3.63 \ Supply for input/output circuitry, including pads and level shifters
Supply Current
Analog Current (AVDD Pin) 1.44 172 2 mA
Idle State 0 6.3 40 pA
Reset State 0.26 7.1 40 pA
PLL Current (PVDD Pin) 6 109 15 mA 12.288 MHz master clock; default PLL settings
Idle State 0 7.8 40 MA Power applied, PLL not configured
Reset State 1.2 9.3 40 MA Power applied, RESET held low
I/0 Current (IOVDD Pin) Dependent on the number of active serial ports, clock pins, and
characteristics of external loads
Operation State 47 mA IOVDD = 3.3 V; all serial ports are clock masters
15 mA IOVDD = 1.8 V; all serial ports are clock masters
Power-Down State 13 22 mA IOVDD =18V -5%t03.3V+10%
Digital Current (DVDD)
Operation State, ADAU1452
Maximum Program 500 690 mA
Typical Program 200 mA | Test program includes 16-channel I/0, 10-band EQ per channel, all ASRCs
active
Minimal Program 160 mA | Test program includes 2-channel I/0, 10-band EQ per channel
Operation State, ADAU1452K Ta=0°Cto 70°C
Maximum Program 500 690 mA
Typical Program 200 mA | Test program includes 16-channel I/0, 10-band EQ per channel, all ASRCs
active
Minimal Program 160 mA | Test program includes 2-channel I/0, 10-band EQ per channel
Operation State,
ADAU1452-150
Maximum Program 270 635 mA feore = 147.456 MHz
Typical Program 125 mA | Test program includes 16-channel I/0, 10-band EQ per channel, all ASRCs
active, fcore = 147.456 MHz
Operation State, Ta=-40°Cto +85°C
ADAU1452-150
Maximum Program 215 508 mA | fcore = 147.456 MHz
Typical Program 100 mA | Test program includes 16-channel I/0, 10-band EQ per channel, all ASRCs
active, fcore = 147.456 MHz
Operation State, ADAU1451
Maximum Program 500 690 mA
Typical Program 200 mA | Test program includes 16-channel I/0, 10-band EQ per channel, all ASRCs
active
Minimal Program 160 mA Test program includes 2-channel I/0, 10-band EQ per channel
Operation State, ADAU1450
Maximum Program 270 635 mA | fcore = 147.456 MHz
Typical Program 110 mA | Test program includes 16-channel I/0, 10-band EQ per channel,

fcore = 147.456 MHz
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Parameter Min Typ Max Unit | Test Conditions/Comments
Minimal Program 20 mA | Test program includes 2-channel I/O, 10-band EQ per channel,
feore = 147.456 MHz
Idle State 315 635 mA
Reset State 315 635 mA
Idle State, ADAU1452-150 250 508 mA | Ta=-40°Cto +85°C
Reset State, ADAU1452-150 250 508 mA Ta=-40°Cto +85°C
ASYNCHRONOUS SAMPLE RATE
CONVERTERS
Dynamic Range 139 dB A-weighted, 20 Hz to 20 kHz
I/0 Sample Rate 6 192 kHz
1/0 Sample Rate Ratio 1:8 7.75:1
THD +N -120 dB
CRYSTAL OSCILLATOR
Transconductance 8.1 106 146 mS
REGULATOR
DVDD Voltage 1.14 1.2 \ Regulator maintains typical output voltage up to a maximum 800 mA load;
IOVDD =18V -5%1t03.3V+ 10%
1.26 \ Regulator maximum output voltage with a minimum 1 mA load; IOVDD =

1.8V -5%to3.3V+10%

Rev.D | Page 10 of 195



http://www.analog.com/ADAU1452?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1452?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1452?doc=ADAU1452_1451_1450.pdf
http://www.analog.com/ADAU1452?doc=ADAU1452_1451_1450.pdf

ADAU1452/ADAU1451/ADAU1430

ELECTRICAL CHARACTERISTICS
Digital Input/Output

Table 5.
Parameter Min Typ Max Unit | Test Conditions/Comments
DIGITAL INPUT
Input Voltage
High Level (Vi)' 0.7 x \%
10VDD
Low Level (Vi)' 0.3 % \%
I0VDD
Input Leakage
High Level (In) -2 +2 WA Digital input pins with pull-up resistor
2 12 WA Digital input pins with pull-down resistor
-2 +2 WA Digital input pins with no pull resistor
0 8 HA MCLK
80 120 HA SPDIFIN
Low Level (I) atO Vv -12 -2 WA Digital input pins with pull-up resistor
-2 +2 WA Digital input pins with pull-down resistor
-2 +2 UA Digital input pins with no pull resistor
-8 0 pA MCLK
-120 -77 HA SPDIFIN
Input Capacitance (C) 2 pF Guaranteed by design
DIGITAL OUTPUT
Output Voltage
High Level (Vor) 0.85 x \' lon=1mA
10VDD
Low Level (Vor) 0.1 x Y loo.=1mA
I0VDD
Digital Output Pins, Output Drive The digital output pins are driving low impedance PCB traces to a
high impedance digital input buffer
IOVDD=1.8V
Drive Strength Setting
Lowest 1 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
Low 2 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
High 3 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
Highest 5 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
IOVDD =33V
Drive Strength Setting
Lowest 2 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
Low 5 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
High 10 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
Highest 15 mA The digital output pins are not designed for static current draw;
do not use these pins to drive LEDs directly
I2C Sink Current, SDA, SDA_M, and 8 mA SDA slave and master ports and SCL master port; guaranteed by
SCL_M Pins design, not characterized
12C PIN SINK RESISTANCE, R-ON SDA Slave and Master Ports and SCL master port
Drive Strength Register Setting SDA, SDA_M, and SCL_M pins
Lowest (0b00) 108 Q Guaranteed by design, not characterized
Low (0b01) 54 Q Guaranteed by design, not characterized
High (0b10) 27 Q Guaranteed by design, not characterized
Highest (0b11) 18 Q Guaranteed by design, not characterized

' Digital input pins except SPDIFIN, which is not a standard digital input.
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Auxiliary ADC
Ta=-40°C to +105°C, DVDD = 1.2 V + 5%, AVDD = 3.3 V + 10%, IOVDD = 1.8 V — 5% to 3.3 V + 10%, unless otherwise noted.

Table 6.
Parameter Min Typ Max Unit
RESOLUTION 10 Bits
FULL-SCALE ANALOG INPUT AVDD Vv
NONLINEARITY
Integrated Nonlinearity (INL) -2 +2 LSB
Differential Nonlinearity (DNL) -2 +2 LSB
GAIN ERROR -2 +2 LSB
INPUT IMPEDANCE 200 kQ
SAMPLE RATE fcore/6144 Hz
SAMPLE RATE, ADAU1452-150 and ADAU1450 fcore/3072 Hz
TIMING SPECIFICATIONS
Master Clock Input
Ta=-40°C to +105°C, DVDD = 1.2 V + 5%, IOVDD = 1.8 V — 5% to 3.3 V + 10%, unless otherwise noted.
Table 7.
Parameter Min Max Unit Description
MASTER CLOCK INPUT (MCLK)
fmcik 2.375 36 MHz MCLK frequency
tmeik 27.8 421 ns MCLK period
tmcko 25 75 % MCLK duty cycle
tMcikH 0.25 X tmcik 0.75 X tmcik ns MCLK width high
tmcke 0.25 X tmck 0.75 X tmcrk ns MCLK width low
CLKOUT lJitter 12 106 ps Cycle-to-cycle rms average
CORE CLOCK
feore
ADAU1452/ADAU1452K and ADAU1451 152 294.912 MHz System (DSP core) clock frequency; PLL
feedback divider ranges from 64 to 108
ADAU1452-150 and ADAU1450 76 147.456 MHz System (DSP core) clock frequency; PLL
feedback divider ranges from 64 to 108
tcore
ADAU1452 and ADAU1451 3.39 ns System (DSP core) clock period
ADAU1452-150 and ADAU1450 6.78 ns System (DSP core) clock period
- tmeLk >
MCLK / /
—/ / .
- tmcLku = tmeLkL > %

Figure 3. Master Clock Input Timing Specifications
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Reset
Ta =-40°C to +105°C, DVDD =1.2V + 5%, IOVDD =18V - 5% t0 3.3 V + 10%.

Table 8.
Parameter Min Max Unit Description
RESET
twrst 10 ns Reset pulse width low

A

»|
>

twrst
RESET *

Figure 4. Reset Timing Specification

11486-004
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Serial Ports
Ta=-40°C to +105°C, DVDD = 1.2 V + 5%, IOVDD = 1.8 V — 5% to 3.3 V + 10%, unless otherwise noted. BCLK in Table 9 refers to

BCLK_OUT3 to BCLK_OUTO0 and BCLK_IN3 to BCLK_INO. LRCLK refers to LRCLK_OUT3 to LRCLK_OUTO0 and LRCLK_IN3 to
LRCKL_INO.

Table 9.
Parameter Min Max Unit | Description
SERIAL PORT
firak 192 kHz | LRCLK frequency.
tireik 5.21 us LRCLK period.
facuk 24576 | MHz | BCLK frequency, sample rate ranging from 6 kHz to 192 kHz.
tacik 40.7 ns BCLK period.
tai 10 ns BCLK low pulse width, slave mode; BCLK frequency = 24.576 MHz; BCLK period = 40.6 ns.
tain 14.5 ns BCLK high pulse width, slave mode; BCLK frequency = 24.576 MHz; BCLK period = 40.6 ns.
tus 20 ns LRCLK setup to BCLK_INx input rising edge, slave mode; LRCLK frequency = 192 kHz.
tum 5 ns LRCLK hold from BCLK_INx input rising edge, slave mode; LRCLK frequency = 192 kHz.
tsis 5 ns SDATA_INx setup to BCLK_INx input rising edge.
tom 5 ns SDATA_INx hold from BCLK_INx input rising edge.
trs 10 ns BCLK_OUTx output falling edge to LRCLK_OUTx output timing skew, slave.
tsops 35 ns SDATA_OUTx delay in slave mode from BCLK_OUTx output falling edge; serial outputs function in slave
mode at all valid sample rates, provided that the external circuit design provides sufficient electrical
signal integrity. It is not recommended that slave mode of operation be used when operating at
IOVDD = 1.8 V nominal at BCLK frequencies over 3.072 MHz.
35 ns IOVDD = 3.3V £ 10%; slew setting = 0b10; drive strength set to 0b00.
16 ns IOVDD = 3.3V £ 10%; slew setting = 0b10; drive strength set to 0b01.
9 ns IOVDD = 3.3V £ 10%; slew setting = 0b10; drive strength set to 0b10.
8 ns IOVDD = 3.3V + 10%; slew setting = 0b10; drive strength set to Ob11.
tsoom 10 ns SDATA_OUTx delay in master mode from BCLK_OUTx output falling edge.
tm 5 ns BCLK falling edge to LRCLK timing skew, master.
—>| tan |- |e—teok —>| | tun |-
BCLK_INx _/ \ \ \ ) / \ / \ ) / \ \I /_
—| taiL {e © © toy—] =
—| tus |- N N
LRCLK_INx ¥ ““ ““
A tireLk A
SDATA_INx | tss =
(sERlAL_BYTE_x_o[4:3L]I,Ez:DTAJTUAs_TFlr'J:IITE)D=':)Ibotﬂl)E / MSB X mMsB -1 X:
—>| tsin |
SDATA_INx - tois [
12S MODE o
(SERIAL_BYTE_x_0[4:3], (DATA_FMT) = 0b00) msB
e , t
(SERIAL_BYTE_x_0[4:3], (DATA_FMT) = Ob(‘)l g —| tsis !“ » —| tsis |-
SERIAL_BYTE_x_0[4:3], (DATA_FMT) = 0b11) » [ wss X ) X s\ g
° —>| to | ° - tom |- i

Figure 5. Serial Input Port Timing Specifications
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Figure 6. Serial Output Port Timing Specifications

Multipurpose Pins
Ta=-40°C to +105°C, DVDD = 1.2V £ 5%, IOVDD =1.8 V- 5% t0 3.3 V + 10%.
Table 10.
Parameter Min Max Unit | Description
MULTIPURPOSE PINS (MPx)
fue! 24.576 MHz | MPx maximum switching rate when pin is configured as a general-purpose
input or general-purpose output
twei]

ADAU1452, 10/tcore 6144/tcore sec MPx pin input latency until high/low value is read by core; the duration in the
ADAU1452K, and Max column is equal to the period of one audio sample when the DSP is
ADAU1451 processing 6144 instructions per sample

ADAU1452-150, 10/tcore 3072/tcore sec MPx pin input latency until high/low value is read by core; the duration in the
ADAU1450 max column is equal to the period of one audio sample when the DSP is

processing 3072 instructions per sample

" Guaranteed by design.

S/PDIF Transmitter
Ta=-40°C to +105°C, DVDD =1.2 V £ 5%, IOVDD = 1.8 V - 5% to 3.3 V + 10%.
Table 11.
Parameter Min Max Unit | Description
S/PDIF Transmitter
Audio Sample Rate 18 96 kHz Audio sample rate of data output from S/PDIF transmitter
S/PDIF Receiver
Ta=-40°C to +105°C, DVDD =1.2 V £ 5%, IOVDD =1.8 V - 5% to 3.3 V + 10%.
Table 12.
Parameter Min Max Unit | Description
S/PDIF Receiver
Audio Sample Rate 18 96 kHz Audio sample rate of data input to S/PDIF receiver
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PPC Interface—Slave

Ta =-40°C to +105°C, DVDD = 1.2 V + 5%, IOVDD = 1.8 V — 5% to 3.3 V + 10%, default drive strength (fsc.) = 400 kHz.

Table 13.
Parameter Min Max Unit Description
I2C SLAVE PORT
fsc 400 kHz SCL clock frequency
tsan 0.6 Ms SCL pulse width high
tsa 13 ps SCL pulse width low
tscs 0.6 us Start and repeated start condition setup time
tscH 0.6 Ms Start condition hold time
tos 100 ns Data setup time
tou 0.9 ps Data hold time
tscir 300 ns SCL rise time
tscir 300 ns SCL fall time
tsor 300 ns SDA rise time
tsor 300 ns SDA fall time
terr 13 us Bus-free time between stop and start
tsusto 0.6 ps Stop condition setup time
tson - - sTOP START
| | tspr tps | |- > tsch r-s P
[T\ T
_____ - L 1 1 | S
tscLn tsor | |- i *:"tBFT':> i
| (wtgo r| - 1 1 1 1
scL _( \__/ i i i '\
1 1 1 1 1
o> == -ty tscLr fscs > |- tsusto *1} =) _J §

Figure 7. I°C Slave Port Timing Specifications
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PPC Interface—Master

Ta=-40°Cto +105°C, DVDD = 1.2V £ 5%, IOVDD = 1.8 V - 5% t0 3.3 V + 10%.

Table 14
Parameter Min Max Unit Description
I2C MASTER PORT

fsc 400 kHz SCL clock frequency

tscn 0.6 Ms SCL pulse width high

tsal 1.3 Ms SCL pulse width low

tscs 0.6 ps Start and repeated start condition setup time

tscH 0.6 Ms Start condition hold time

tos 100 ns Data setup time

ton 0.9 Ms Data hold time

tscr 300 ns SCL rise time

tscir 300 ns SCL fall time

tsor 300 ns SDA rise time

tsor 300 ns SDA fall time

teFT 1.3 ps Bus-free time between stop and start

tsusto 0.6 ps Stop condition setup time

tscn —» -
| | tspr tps | |-
SDA_M X
oo | tsor
| |=*tscir
SCL_M _\
tscLL - _>| -ty |<' tscLr fscs | g

Figure 8. ’C Master Port Timing Specifications
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SPI Interface—Slave

Ta=-40°Cto +105°C,DVDD = 1.2V £ 5%,IOVDD =1.8 V - 5% to 3.3 V + 10%.

Table 15.
Parameter Min Max Unit | Description
SPI SLAVE PORT
fscikwrrre 22 MHz | SCLK write frequency
fscikrean 22 MHz | SCLK read frequency
tscLkpwi 6 ns SCLK pulse width low, SCLK = 22 MHz
tscLkpwh 21 ns SCLK pulse width high, SCLK = 22 MHz
tsss 1 ns SS setup to SCLK rising edge
tssh 2 ns SS hold from SCLK rising edge
tsspwh 10 ns SS pulse width high
tsspwi 10 ns SS pulse width low; minimum low pulse width for SS when
entering SPI mode by toggling the SS pin three times
tmosis 1 ns MOSI setup to SCLK rising edge
tmosiH 2 ns MOSI hold from SCLK rising edge
tmisop 39 ns MISO valid output delay from SCLK falling edge
— tsss - tssH g -—

tscLkpwH — - |

1 I~ tscLkpwi

Mosi D( X * ; >;<<—t X X:
wo XX XXX

—! tsspwh|

Wan

""" XX X XX

XX

= twisop

—

Figure 9. SPI Slave Port Timing Specifications
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SPI Interface—Master
Ta =-40°C to +105°C, DVDD =1.2V + 5%, IOVDD =18V - 5% t0 3.3V + 10%.

Table 16.
Parameter Min Max Unit Description
SPI MASTER PORT
Timing Requirements
tsspiom 15 ns MISO_M data input valid to SCLK_M edge (data input setup time)
tHspiDM 5 ns SCLK_M last sampling edge to data input not valid (data input hold time)
Switching Characteristics
tspicLkm 417 ns SPI master clock cycle period
fscik m 24 MHz SPI master clock frequency
tspicHm 17 ns SCLK_M high period (fscik_m = 24 MHz)
tspicm 17 ns SCLK_M low period (fscik m = 24 MHz)
topspiom 16.9 ns SCLK_M edge to data out valid (data out delay time) (fsc.k_m = 24 MHz)
tHDsPIDM 21 ns SCLK_M edge to data out not valid (data out hold time) (fscik_ v = 24 MHz)
tspscim 36 ns SS_M (SPI device select) low to first SCLK_M edge (fscik_w = 24 MHz)
thpsm 95 ns Last SCLK_M edge to SS_M high (fscik_m = 24 MHz)

SS_M \
(OUTPUT) N

(¢

tspscim tspichm tspicLm
- >l > > |e——— tspicLkm ——|<—thpsm >
SCLK_M —_— —_—
(CP=0)
(OUTPUT)
_tspicm | tspichm
SCLK_M
(cP=1)
(OUTPUT) _ s N
tupspiom |
topspiom < =
( MOSI_M (s
(OUTPUT) >< MSB LSB
(s
t t
CPHASE = 1 SSPIDM SSPIDM
tuspibm - tuspipm
b))
[{¢
MISO_M MSB
(INPUT) VALID >< >< LSB VALID
~ (e
tppsPiDM |<+—— tpspipm ——>|
'd b))
({9
MOSI_M
(OUTPUT) >< MsB X LsB
)
s
t t
CPHASE = 0 SSPIDM HSPIDM
))
({9 o
MISO_M MSB VALID >< LSB VALID>< g
L (INPUT) Y K
[{¢ -

Figure 10. SPI Master Port Timing Specifications
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PDM Inputs

Ta=-40°Cto +105°C,DVDD = 1.2 V £ 5%, IOVDD = 1.8 V — 5% to 3.3 V + 10%. PDM data is latched on both edges of the clock (see Figure
11).

Table 17.
Parameter tmin tmax Unit Description
Timing Requirements
tsetup 10 ns Data setup time
thoLp 5 ns Data hold time

PDM_CLK \_/_ _\ /

tseTup ->| - thoLp

PDM_DAT:)—(RHLHRHL)—(:

Figure 11. PDM Timing Diagram
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ABSOLUTE MAXIMUM RATINGS

Table 18.
Parameter Rating
DVDD to Ground 0Vto 14V
AVDD to Ground 0Vto4.0V
IOVDD to Ground 0Vto4.0V
PVDD to Ground 0Vto4.0V
Digital Inputs DGND -0.3Vto
IOVDD + 0.3V
Maximum Ambient Temperature Range
W Grade —40°Cto +105°C
K Grade 0°Cto +70°C
Maximum Junction Temperature 125°C
Storage Temperature Range —-65°Cto +150°C
Soldering (10 sec) 300°C

in a typical use case. Table 24 and Table 25 represent power
consumption for the ADAU1452-150 under the stated conditions.

Table 20. Worst Case Maximum Power Dissipation

Test Conditions/

Parameter Value | Unit | Comments

AVDD, DVDD, 960 mW | Ambient temperature = 105°C;
PVDD During all supplies at maximum; full
Operation DSP program using most power

intensive calculations;
measurement does not include

I0VDD
Reset All 570 mW | Ambient temperature = 105°C;
Supplies all supplies at maximum; reset

mode enabled; measurement
does not include IOVDD

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

THERMAL CHARACTERISTICS

0)a represents the junction-to-ambient thermal resistance; 8jc
represents the junction-to-case thermal resistance. All charac-
teristics are for a 4-layer JEDEC board. The exposed pad has
49 vias that are arranged ina 7 x 7 grid.

Table 19. Thermal Resistance

Table 21. ADAU1452 and ADAU1452K Typical Power
Dissipation Estimates

Ambient

Temperature, Ta (°C) | Full Program (mW) Typical (mW)
25 420 250

85 700 420

105 885 530

Table 22. ADAU1451 Typical Power Dissipation Estimates

Ta(°C) Full Program (mW) Typical (mW)
25 420 250
85 700 420
105 885 530

Table 23. ADAU1450 Typical Power Dissipation Estimates

Package Type 0:a 0c Unit Ta(°C) Full Program (mW) Typical (mW)
72-Lead LFCSP 23.38 33 °C/W 25 170 100

85 385 230
MAXIMUM POWER DISSIPATION 105 480 290

The characteristics listed in Table 20 show the absolute worst
case power dissipation. These tests were conducted at an ambient
temperature of 105°C, with a completely full DSP program that
executes an endless loop of the most power intensive core
calculations, and with all power supplies at their maximum
values.

The conditions described in Table 20 are intended as a stress test
only and are not representative of realistic device operation in a
real-world application. In a system where the operating
conditions and limits outlined in the Specifications section of
this data sheet are not exceeded, and where the device is mounted
to a printed circuit board (PCB) that follows the design recom-
mendations in the PCB Design Considerations section of this
data sheet, the values that are listed represent the total power
consumption of the device. In actual applications, the power
consumption of the device is far lower. Table 21, Table 22, and
Table 23 show more realistic estimates for power consumption

Table 24. Typical ADAU1452-150 Power Dissipation
Estimates, Nominal Device, Includes IOVDD and All
Voltages + 5%

Ta(°C) Full DSP Program (mW) | Typical DSP Program(mW)

25 195 160
85 235 200
105 265 230
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Table 25. Typical ADAU1452-150 Power Dissipation

ESD CAUTION

Estimates, All Silicon Skews, Includes IOVDD and All

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.

Voltages + 5% ‘
Ta(°C) Full DSP Program (mW) | Typical DSP Program (mW)

25 225 190 m
85 360 325

105 450 415
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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10VDD
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1. THE EXPOSED PAD MUST BE GROUNDED BY SOLDERING IT TO A COPPER SQUARE

OF EQUIVALENT SIZE ON THE PCB. IDENTICAL COPPER SQUARES MUST EXIST ON
ALL LAYERS OF THE BOARD, CONNECTED BY VIAS, AND THEY MUST BE CONNECTED
TO A DEDICATED COPPER GROUND LAYER WITHIN THE PCB.

11486-002

Figure 12. Pin Configuration

Table 26. Pin Function Descriptions
Internal Pull

Pin No. | Mnemonic Resistor Description

1 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

2 I0VDD None Input/Output Supply, 1.8V — 5% to 3.3V + 10%. Bypass this pin with decoupling
capacitors to Pin 1 (DGND).

3 VDRIVE None Positive Negative Positive (PNP) Bipolar Junction Transistor-Base Drive Bias Pin for the
Digital Supply Regulator. Connect VDRIVE to the base of an external PNP pass transistor.
If an external supply is provided directly to DVDD, connect the VDRIVE pin to ground
(DGND), or it can be left floating.

4 SPDIFIN None Input to the Integrated Sony/Philips Digital Interface Format Receiver. Leave this pin
floating when not in use. This pin is internally biased to IOVDD/2. This pin is
nonfunctional on the ADAU1450 and must be left disconnected. If terminations on all
pins is required, this pin can be terminated with a 100 nF capacitor to ground. If a lower
cost method is desired, this pin can be grounded to DGND. This pin draws
approximately 0.1 mA when grounded.

5 SPDIFOUT Configurable Output from the Integrated Sony/Philips Digital Interface Format Transmitter.
Disconnect this pin when not in use. This pin is internally biased to IOVDD/2. This pin is
nonfunctional on the ADAU1450 and must be left disconnected.

6 AGND None Analog Ground Reference. Tie all DGND, AGND, and PGND pins directly together in a
common ground plane.

7 AVDD None Analog (Auxiliary ADC) Supply. Must be 3.3 V + 10%. Bypass this pin with decoupling
capacitors to Pin 6 (AGND).
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Internal Pull

Pin No. | Mnemonic Resistor Description

8 AUXADCO None Auxiliary ADC Input Channel 0. This pin reads an analog input signal and uses its value
in the DSP program. This pin can be left floating when not in use. If terminations on all
pins are required, this pin can be grounded to AGND.

9 AUXADC1 None Auxiliary ADC Input Channel 1. This pin reads an analog input signal and uses its value
in the DSP program. This pin can be left floating when not in use. If terminations on all
pins are required, this pin can be grounded to AGND.

10 AUXADC2 None Auxiliary ADC Input Channel 2. This pin reads an analog input signal and uses its value
in the DSP program. This pin can be left floating when not in use. If terminations on all
pins are required, this pin can be grounded to AGND.

11 AUXADC3 None Auxiliary ADC Input Channel 3. This pin reads an analog input signal and uses its value
in the DSP program. This pin can be left floating when not in use. If terminations on all
pins are required, this pin can be grounded to AGND.

12 AUXADC4 None Auxiliary ADC Input Channel 4. This pin reads an analog input signal and uses its value
in the DSP program. This pin can be left floating when not in use. If terminations on all
pins are required, this pin can be grounded to AGND.

13 AUXADC5 None Auxiliary ADC Input Channel 5. This pin reads an analog input signal and uses its value
in the DSP program. This pin can be left floating when not in use. If terminations on all
pins are required, this pin can be grounded to AGND.

14 PGND None PLL Ground Reference. Tie all DGND, AGND, and PGND pins directly together in a
common ground plane.

15 PVDD None PLL Supply. Must be 3.3V + 10%. Bypass this pin with decoupling capacitors to Pin 14
(PGND).

16 PLLFILT None PLL Filter. The voltage on the PLLFILT pin, which is internally generated, is typically
between 1.65V and 2.10 V.

17 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

18 IOVDD None Input/Output Supply, 1.8V — 5% to 3.3V + 10%. Bypass this pin to Pin 17 (DGND) with
decoupling capacitors.

19 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

20 DVDD None Digital Supply. Must be 1.2V + 5%. This pin can be supplied externally or by using the
internal regulator and external pass transistor. Bypass this pin to Pin 19 (DGND) with
decoupling capacitors.

21 XTALIN/MCLK | None Crystal Oscillator Input (XTALIN)/Master Clock Input to the PLL (MCLK). This pin can be
supplied directly or generated by driving a crystal with the internal crystal oscillator via
Pin 22 (XTALOUT). If a crystal is used, refer to the circuit shown in Figure 15.

22 XTALOUT None Crystal Oscillator Output for Driving an External Crystal. If a crystal is used, refer to the
circuit shown in Figure 15. Disconnect this pin when not in use.

23 CLKOUT Configurable Master Clock Output. This pin drives a master clock signal to other ICs in the system.
CLKOUT can be configured to output a clock signal with a frequency of 1x, 2x, 4%, or 8x
the frequency of the divided clock signal being input to the PLL. Disconnect this pin
when not in use.

24 RESET Pull-down Active Low Reset Input. A reset is triggered on a high-to-low edge and exited on a low-
to-high edge. A reset event sets all RAMs and registers to their default values.

25 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

26 SS_M/MPO Pull-up; nominally SPI Master/Slave Select Port (S5_M)/Multipurpose, General-Purpose Input/Output

250 kQ; can be (MPO). When in SPI master mode, this pin acts as the slave select signal to slave devices

disabled by awrite to | on the SPI bus. The pin must go low at the beginning of a master SPI transaction and high

control register at the end of a transaction. This pin has an internal pull-up resistor that is nominally 250
kQ. When the SELFBOOT pin is held high and the RESET pin has a transition from low to
high, Pin 26 sets the communications protocol for self boot operation. If this pin is left
floating, the SPI communications protocol is used for self boot operation. If this pin has a
10 kQ pull-down resistor to GND, the I’C communications protocol is used for self boot
operation. When self boot operation is not used and this pin is not needed as a general-
purpose input or output, leave it disconnected.

27 MOSI_M/MP1 | Pull-up; can be SPI Master Data Output Port (MOSI_M)/Multipurpose, General-Purpose Input/Output

disabled by a write to
control register

(MP1). When in SPI master mode, this pin sends data from the SPI master port to slave
devices on the SPI bus. Disconnect this pin when not in use.
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Internal Pull
Pin No. | Mnemonic Resistor Description
28 SCL_M/ Pull-up; can be I2)C Master Serial Clock Port (SCL_M)/SPI Master Mode Serial Clock
SCLK_M/MP2 | disabled by a writeto | (SCLK_M)/Multipurpose, General-Purpose Input/Output (MP2). When in I2C master
control register mode, this pin functions as an open collector output and drives a serial clock to slave
devices on the I12C bus; use a pull-up resistor to IOVDD on the line connected to this pin.
When in SPI master mode, this pin drives the clock signal to slave devices on the SPI bus.
Disconnect this pin when not in use.
29 SDA_M/ Pull-up; can be I*)C Master Port Serial Data (SDA_M)/SPI Master Mode Data Input
MISO_M/MP3 | disabled by awriteto | (MISO_M)/Multipurpose, General-Purpose Input/Output (MP3). When in I12C master
control register mode, this pin functions as a bi-directional open collector data line between the I2C
master port and slave devices on the I°C bus; use a pull-up resistor to IOVDD on the line
connected to this pin. When in SPI master mode, this pin receives data from slave devices
on the SPI bus. Disconnect this pin when not in use.

30 MISO/SDA Pull-up; can be SPI Slave Data Output Port (MISO)/I?C Slave Serial Data Port (SDA). In SPI slave mode,
disabled by awriteto | this pin outputs data to the master device on the SPI bus. In I°C slave mode, this pin
control register functions as a bi-directional open collector data line between the I2C slave port and the

master device on the I2C bus; use a pull-up resistor to IOVDD on the line connected to
this pin. When this pin is not in use, connect it to IOVDD with a 10.0 kQ pull-up resistor.

31 SCLK/SCL Pull-up; can be SPI Slave Port Serial Clock (SCLK)/I2C Slave Port Serial Clock (SCL). In SPI slave mode, this
disabled by awrite to | pin receives the serial clock signal from the master device on the SPI bus. In I2C slave
control register mode, this pin receives the serial clock signal from the master device on the I>C bus; use

a pull-up resistor to IOVDD on the line connected to this pin. When this pin is not in use,
connect it to IOVDD with a 10.0 kQ pull-up resistor.

32 MOSI/ADDR1 Pull-up; can be SPI Slave Port Data Input (MOSI)/I?C Slave Port Address MSB (ADDR1). In SPI slave mode,
disabled by awrite to | this pin receives a data signal from the master device on the SPI bus. In I°C slave mode,
control register this pin acts as an input and sets the chip address of the I2C slave port, in conjunction

with Pin 33 (SS/ADDRO).

33 SS/ADDRO Pull-up, nominally 250 | SPI Slave Port Slave Select (SS)/I>C Slave Port Address LSB (ADDRO). In SPI slave mode,
kQ; can be disabled this pin receives the slave select signal from the master device on the SPI bus. In I>)C slave
by a write to control mode, this pin acts as an input and sets the chip address of the I>C slave port in conjunction
register with Pin 32 (MOSI/ADDR1).

34 SELFBOOT Pull-up Self Boot Select. This pin allows the device to perform a self boot, in which it loads its

RAM and register settings from an external EEPROM. Connecting Pin 34 to logic high
(IOVDD) initiates a self boot operation the next time there is a rising edge on Pin 24
(RESET). When this pin is connected to ground, no self boot operation is initiated. This
pin can be connected to IOVDD or to ground either directly or pulled up or down with a
1.0 kQ or larger resistor.

35 DVDD None Digital Supply. Must be 1.2V + 5%. This pin can be supplied externally or by using the
internal regulator and external pass transistor. Bypass this pin to Pin 36 (DGND) with
decoupling capacitors.

36 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

37 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

38 IOVDD None Input/Output Supply, 1.8V — 5% to 3.3V + 10%. Bypass this pin with decoupling
capacitors to Pin 37 (DGND).

39 LRCLK_OUT0/ | Configurable Frame Clock, Serial Output Port 0 (LRCLK_OUTO)/Multipurpose, General-Purpose

MP4 Input/Output (MP4). This pin is bidirectional, with the direction depending on whether
Serial Output Port 0 is a master or slave. Disconnect this pin when not in use.

40 BCLK_OUTO Configurable Bit Clock, Serial Output Port 0. This pin is bidirectional, with the direction depending on
whether the Serial Output Port 0 is a master or slave. Disconnect this pin when not in use.

41 SDATA_OUTO | Configurable Serial Data Output Port 0 (Channel 0 to Channel 15). Capable of 2-channel, 4-channel, 8-
channel, and 16-channel modes. Disconnect this pin when not in use.

42 LRCLK_OUT1/ | Configurable Frame Clock, Serial Output Port 1 (LRCLK_OUT1)/Multipurpose, General-Purpose

MP5 Input/Output (MP5). This pin is bidirectional, with the direction depending on whether
Serial Qutput Port 1 is a master or slave. Disconnect this pin when not in use.

43 BCLK_OUT1 Configurable Bit Clock, Serial Output Port 1. This pin is bidirectional, with the direction depending on
whether Output Serial Port 1 is a master or slave. Disconnect this pin when not in use.

44 SDATA_OUT1 | Configurable Serial Data Output Port 1 (Channel 16 to Channel 31). Capable of 2-channel, 4-channel, 8-

channel, and 16-channel modes. Disconnect this pin when not in use.
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Internal Pull

Pin No. | Mnemonic Resistor Description

45 MP6 Configurable Multipurpose, General-Purpose Input/Output 6. Disconnect this pin when not in use.

46 MP7 Configurable Multipurpose, General-Purpose Input/Output 7. Disconnect this pin when not in use.

47 LRCLK_OUT2/ | Configurable Frame Clock, Serial Output Port 2 (LRCLK_OUT2)/Multipurpose, General-Purpose

MP8 Input/Output (MP8). This pin is bidirectional, with the direction depending on whether
Serial Output Port 2 is a master or slave. Disconnect this pin when not in use.

48 BCLK_OUT2 Configurable Bit Clock, Serial Output Port 2. This pin is bidirectional, with the direction depending on
whether Serial Output Port 2 is a master or slave. Disconnect this pin when not in use.

49 SDATA_OUT2 | Configurable Serial Data Output Port 2 (Channel 32 to Channel 39). Capable of 2-channel, 4-channel, 8-
channel, or flexible time division multiplexing (TDM) mode. Disconnect this pin when
notin use.

50 LRCLK_OUT3/ | Configurable Frame Clock, Serial Output Port 3 (LRCLK_OUT3)/Multipurpose, General-Purpose

MP9 Input/Output (MP9). This pin is bidirectional, with the direction depending on whether
Serial Output Port 3 is a master or slave. Disconnect this pin when not in use.

51 BCLK_OUT3 Configurable Bit Clock, Serial Output Port 3. This pin is bidirectional, with the direction depending on
whether Serial Output Port 3 is a master or slave. Disconnect this pin when not in use.

52 SDATA_OUT3 | Configurable Serial Data Output Port 3 (Channel 40 to Channel 47). Capable of 2-channel, 4-channel,
8-channel, and flexible TDM modes. Disconnect this pin when not in use.

53 DVDD None Digital Supply. Must be 1.2V + 5%. This pin can be supplied externally or by using the
internal regulator and external pass transistor. Bypass Pin 53 with decoupling capacitors
to Pin 54 (DGND).

54 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

55 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

56 IOVDD None Input/Output Supply, 1.8V — 5% to 3.3V + 10%. Bypass this pin with decoupling
capacitors to Pin 55 (DGND).

57 BCLK_INO Configurable Bit Clock, Serial Input Port 0. This pin is bidirectional, with the direction depending on
whether Serial Input Port 0 is a master or slave. Disconnect this pin when not in use.

58 LRCLK_INO/ Configurable Frame Clock, Serial Input Port 0 (LRCLK_INO)/Multipurpose, General-Purpose Input/Output

MP10 (MP10). This pin is bidirectional, with the direction depending on whether Serial Input
Port 0 is a master or slave. Disconnect this pin when not in use.

59 SDATA_INO Configurable Serial Data Input Port 0 (Channel 0 to Channel 15). Capable of 2-channel, 4-channel, 8-
channel, or 16-channel mode. Disconnect this pin when not in use.

60 BCLK_IN1 Configurable Bit Clock, Serial Input Port 1. This pin is bidirectional, with the direction depending on
whether the Serial Input Port 1 is a master or slave. Disconnect this pin when not in use.

61 LRCLK_IN1/ Configurable Frame Clock, Serial Input Port 1 (LRCLK_INT)/Multipurpose, General-Purpose Input/Output

MP11 (MP11).This pin is bidirectional, with the direction depending on whether the Serial Input
Port 1 is a master or slave. Disconnect this pin when not in use.

62 SDATA_IN1 Configurable Serial Data Input Port 1 (Channels 16 to Channel 31). Capable of 2-channel, 4-channel, 8-
channel, or 16-channel mode. Disconnect this pin when not in use.

63 THD_M None Thermal Diode Negative (—) Input. Connect this pin to the D— pin of an external
temperature sensor IC. Disconnect this pin when not in use.

64 THD_P None Thermal Diode Positive (+) Input. Connect this pin to the D+ pin of an external
temperature sensor IC. Disconnect this pin when not in use.

65 BCLK_IN2 Configurable Bit Clock, Serial Input Port 2. This pin is bidirectional, with the direction depending on
whether the Serial Input Port 2 is a master or slave. Disconnect this pin when not in use.

66 LRCLK_IN2/ Configurable Frame Clock, Input Serial Port 2 (LRCLK_IN2)/Multipurpose, General-Purpose Input/Output

MP12 (MP12).This pin is bidirectional, with the direction depending on whether Serial Input
Port 2 is a master or slave. Disconnect this pin when not in use.

67 SDATA_IN2 Configurable Serial Data Input Port 2 (Channel 32 to Channel 39). Capable of 2-channel, 4-channel, 8-
channel, or flexible TDM mode. Disconnect this pin when not in use.

68 BCLK_IN3 Configurable Bit Clock, Input Serial Port 3. This pin is bidirectional, with the direction depending on
whether Input Serial Port 3 is a master or slave. Disconnect this pin when not in use.

69 LRCLK_IN3/ Configurable Frame Clock, Serial Input Port 3 (LRCLK_IN3)/Multipurpose, General-Purpose Input/Output

MP13 (MP13).This pin is bidirectional, with the direction depending on whether Serial Input
Port 3 is a master or slave. Disconnect this pin when not in use.
70 SDATA_IN3 Configurable Serial Data Input Port 3 (Channel 40 to Channel 47). Capable of 2-channel, 4-channel, 8-

channel, or flexible TDM mode. Disconnect this pin when not in use.
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Internal Pull

Pin No. | Mnemonic Resistor Description

71 DVDD None Digital Supply. Must be 1.2V + 5%. This pin can be supplied externally or by using the
internal regulator and external pass transistor. Bypass with decoupling capacitors to Pin
72 (DGND).

72 DGND None Digital and I/0 Ground Reference. Tie all DGND, AGND, and PGND pins directly together
in a common ground plane.

EP Exposed Pad None The exposed pad must be grounded by soldering it to a copper square of equivalent

size on the PCB. Identical copper squares must exist on all layers of the board,
connected by vias, and they must be connected to a dedicated copper ground layer
within the PCB. For more detailed information, see Figure 84 and Figure 85.
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Figure 13. System Block Diagram with Example Connections to External Components

OVERVIEW

The ADAU1452/ADAU1451/ADAU1450 are enhanced audio
processors with 48 channels of input and output. They include
options for the hardware routing of audio signals between the
various inputs, outputs, SigmaDSP core, and integrated sample rate
converters. The SigmaDSP core features full 32-bit processing (that
is, 64-bit processing in double precision mode) with an 80-bit
arithmetic logic unit (ALU). By using a quadruple multiply
accumulator (MAC) data path, the ADAU1452/ADAU1451 can
execute more than 1.2 billion MAC operations per second, which
allows processing power that far exceeds the predecessors in the
SigmaDSP family of products. The powerful DSP core can
process over 3000 double precision biquad filters or 24,000 FIR
filter taps per sample at the standard 48 kHz audio sampling rate.
The ADAU1452-150/ADAU1450 features half the processing
power of the ADAU1452/ADAU1451. Other features, including
synchronous parameter loading for ensuring filter stability and
100% code efficiency with the SigmaStudio tools, reduce
complexity in audio system development. The SigmaStudio library
of audio processing algorithms allows system designers to
compensate for real-world limitations of speakers, amplifiers,

and listening environments, through speaker equalization,
multiband compression, limiting, and third party branded
algorithms.

The input audio routing matrix and output audio routing matrix
allow the user to multiplex inputs from multiple sources that are
running at various sample rates to or from the SigmaDSP core,
and then to pass them on to the desired hardware outputs. This
drastically reduces the complexity of signal routing and clocking
issues in the audio system. The audio subsystem includes up to
eight stereo ASRCs, depending on the device model; S/PDIF input
and output (available on the ADAU1452/ ADAU1451); and serial
(I’S) and TDM inputs/outputs. Any of these inputs can be routed
to the SigmaDSP core or to any of the ASRCs (except on the
ADAU1450, which does not have ASRC:s). Similarly, the output
signals can be taken from the SigmaDSP core, any of the ASRC
outputs, the serial inputs, the PDM microphones, or the S/PDIF
receiver. This routing scheme, which can be modified at any time
using control registers, allows maximum system flexibility without
requiring hardware design changes.
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Two serial input ports and two serial output ports can operate
as pairs in a special flexible TDM mode, allowing the user to
independently assign byte specific locations to audio streams at
varying bit depths. This mode ensures compatibility with codecs
that use similar flexible TDM streams.

The DSP core is optimized for audio processing, and it can process
audio at sample rates of up to 192 kHz. The program and para-
meter/data RAMs can be loaded with a custom audio processing
signal flow, built with the SigmaStudio graphical programming
software from Analog Devices, Inc. The values that are stored in
the parameter RAM can control individual signal processing
blocks, such as infinite impulse response (IIR) and finite impulse
response (FIR) equalization filters, dynamics processors, audio
delays, and mixer levels. A software safeload feature allows
transparent parameter updates and prevents clicks on the
output signals.

Reliability features, such as memory parity checking and a program
counter watchdog, help ensure that the system can detect and
recover from any errors related to memory corruption.

On the ADAU1452/ADAU1451, S/PDIF signals can be routed
through an ASRC for processing in the DSP or can be sent directly
to output on the multipurpose pins (MPx) for recovery of the
embedded audio signal. Other components of the embedded
signal, including status and user bits, are not lost and can be
output on the MPx pins as well. The user can also independently
program the nonaudio data that is embedded in the output
signal of the S/PDIF transmitter.

The 14 MPx pins are available for providing a simple user
interface without the need for an external microcontroller. These
MPx pins are available to input external control signals and
output flags or controls to other devices in the system. As
inputs, the MPx pins can be connected to push-buttons, switches,
rotary encoders, or other external control circuitry to control
the internal signal processing program. When configured as
outputs, these pins can be used to drive LEDs (with a buffer),
output flags to a microcontroller, control other ICs, or connect
to other external circuitry in an application. In addition to the
MPx pins, six dedicated input pins (AUXADCS5 to AUXADCO)
are connected to an auxiliary ADC for use with analog controls,
such as potentiometers or system voltages.

The SigmaStudio software programs and controls the device
through the control port. In addition to designing and tuning

a signal flow, the software can configure all of the DSP registers
in real time and download a new program and parameters into
the external self boot EEPROM. The SigmaStudio graphical
interface allows anyone with audio processing knowledge to
design a DSP signal flow and port it to a target application without
the need for writing line level code. The software also provides
enough flexibility and programmability to allow an experienced
DSP programmer to have in-depth control of the design.

In SigmaStudio, the user can add signal processing cells from the
library by dragging and dropping cells, connect them together in a
flow, compile the design, and load the program and parameter files

into memory through the control port. The complicated tasks of
linking, compiling, and downloading the project are all handled
automatically by the software.

Signal processing algorithms that are available in the provided
libraries include the following:

e Single and double precision biquad filter

e Monochannel and multichannel dynamics processors with
peak or rms detection

e  Mixer and splitter

e  Tone and noise generator

e  Fixed and variable gain

e  Loudness

e Delay

e  Stereo enhancement

e  Dynamic bass boost

e  Noise and tone source

e  Level detector

e  MPx pin control and conditioning

e Fast fourier transform (FFT) and frequency domain
processing algorithms

Analog Devices continuously develops new processing algorithms
and provides proprietary and third party algorithms for appli-
cations such as matrix decoding, bass enhancement, and
surround virtualizers.

Several power saving mechanisms are available, including
programmable pad strength for digital I/O pins, and the ability
to power down unused subsystems.

The ADAU1452WBCPZ, ADAU1452WBCPZ-RL,
ADAU1452WBCPZ150, ADAU1452WBCPZ150RL,
ADAU1451WBCPZ, ADAU1451WBCPZ-RL,
ADAU1450WBCPZ, and ADAU1450WBCPZ-RL models are
fabricated on a single, monolithic, integrated circuit for operation
over the —40°C to +105°C temperature range, and the device is
housed in a 72-lead LFCSP with an exposed pad to assist in heat
dissipation.

The ADAU1452KBCPZ, and ADAU1452KBCPZ-RL models are
fabricated on a single, monolithic, integrated circuit for operation

over the 0°C to +70°C temperature range, and the device is
housed in a 72-lead LFCSP with an exposed pad.

The device can be controlled in one of two operational modes,
as follows:

e The settings of the chip can be loaded and dynamically
updated through the SPI/I*C port.

e The DSP can self boot from an external EEPROM in
a system with no microcontroller.
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The ADAU1452WBCPZ, ADAU1452WBCPZ-RL,
ADAU1452WBCPZ150, ADAU1452WBCPZ150RL,
ADAU1451WBCPZ, ADAU1451WBCPZ-RL,
ADAU1450WBCPZ, and ADAU1450WBCPZ-RL models are
qualified for use in automotive applications.

INITIALIZATION
Power-Up Sequence

The first step in the initialization sequence is to power up the
device. First, apply voltage to the power pins. All power pins can
be supplied simultaneously. If the power pins are not supplied
simultaneously, then supply IOVDD first because the internal
ESD protection diodes are referenced to the IOVDD voltage.
AVDD, DVDD, and PVDD can be supplied at the same time as
IOVDD or after, but they must not be supplied prior to IOVDD.
The order in which AVDD, DVDD, and PVDD are supplied does
not matter.

When the internal regulator is not used and DVDD is directly
supplied, no special sequence is required when providing the
proper voltages to AVDD, DVDD, and PVDD.

When the internal regulator is used, DVDD is generated by the
regulator, in combination with an external pass transistor, after
AVDD, IOVDD, and PVDD are supplied. See the Power Supplies
section for more information.

Each power supply domain has its own power-on reset (POR)
circuits (also known as power OK circuits) to ensure that the
level shifters attached to each power domain can be initialized
properly. AVDD and PVDD must reach their nominal level
before the auxiliary ADC and PLL can be used, respectively.

However, the AVDD and PVDD supplies have no role in the
rest of the power-up sequence. After AVDD power reaches its
nominal threshold, the regulator becomes active and begins to
charge up the DVDD supply. The DVDD also has a POR circuit to
ensure that the level shifters initialize during power-up.

The POR signals are combined into three global level shifter
resets that properly initialize the signal crossings between each
separate power domain and DVDD.

The digital circuits remain in reset until the IOVDD to DVDD
level shifter reset is released. At that point, the digital circuits
exit reset.

When a crystal is in use, the crystal oscillator circuit must
provide a stable master clock to the XTALIN/MCLK pin by the
time the PVDD supply reaches its nominal level. The
XTALIN/MCLK pin is restricted from passing into the PLL
circuitry until the DVDD POR signal becomes active and the
PVDD to DVDD level shifter is initialized.

When all four POR circuits signal that the power-on conditions
are met, a reset synchronizer circuit releases the internal digital
circuitry from reset, provided the following conditions are met:

e A valid MCLK signal is provided to the digital circuitry
and the PLL.
e The RESET pin is high.

When the internal digital circuitry becomes active, the DSP core
runs eight lines of initialization code stored in ROM, requiring
eight cycles of the MCLK signal. For a 12.288 MHz MCLK input,
this process takes 650 ns.

After the ROM program completes its execution, the PLL is
ready to be configured using register writes to Register 0xF000
(PLL_CTRLO), Register 0xF001 (PLL_CTRL1), Register 0xF002
(PLL_CLK_SRC), and Register 0xF003 (PLL_ENABLE).

When the PLL is configured and enabled, the PLL starts to lock
to the incoming master clock signal. The absolute maximum
PLL lock time is 32 x 1024 = 32,768 clock cycles on the clock
signal (after the input prescaler), which is fed to the input of the
PLL. In a standard 48 kHz use case, the PLL input clock frequency
after the prescaler is 3.072 MHz; therefore, the maximum PLL lock
time is 10.666 ms.

Typically, the PLL locks much faster than 10.666 ms. In most
systems, the PLL locks within about 3.5 ms. The PLL_LOCK
register (Address 0xF004) can be polled via the control port until
Bit 0 (PLL_LOCK) goes high, signifying that the PLL lock has
completed successfully.

When the PLL is attempting to lock to the input clock, the I*C
slave and SPI slave control ports are inactive; therefore, no other
registers are accessible over the control port. When the PLL is
attempting to lock, all attempts to write to the control port fail.
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inside the input and output pins, must be applied first to avoid
stressing these diodes. PVDD, AVDD, and DVDD can then be
supplied in any order (see the System Initialization Sequence

Figure 14 shows an example power-up sequence with all relevant
signals labeled. If possible, apply the required voltage to all four

power supply domains (IOVDD, AVDD, PVDD, and DVDD)

section for more information). Note that the gray areas in this

figure represent clock signals.

simultaneously. If the power supplies are separate, IOVDD, which
is the reference for the ESD protection diodes that are situated
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Figure 14. Power Sequencing and POR Timing Diagram for a System with Separate Power Supplies
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System Initialization Sequence

Before the IC can process the audio in the DSP, the following
initialization sequence must be completed.

1. If possible, apply the required voltage to all four power
supply domains (IOVDD, AVDD, PVDD, and DVDD)
simultaneously. If simultaneous application is not possible,
supply IOVDD first to prevent damage or reduced operating
lifetime. If using the on-board regulator, AVDD and PVDD
can be supplied in any order, and DVDD is then generated
automatically. If not using the on-board regulator, AVDD,
PVDD, and DVDD can be supplied in any order following
IOVDD.

2. Start providing a master clock signal to the XTALIN/MCLK
pin, or, if using the crystal oscillator, let the crystal oscillator
start generating a master clock signal. The master clock
signal must be valid when the DVDD supply stabilizes.

3. If the SELFBOOT pin is pulled high, a self boot sequence
initiates on the master control port. Wait until the self boot
operation is complete.

4. If SPI slave control mode is desired, toggle the SS/ADDRO
pin three times. Ensure that each toggle lasts at least the
duration of one cycle of the master clock being input to the

XTALIN/MCLK pin. When the SS/ADDRO line rises for
the third time, the slave control port is then in SPI mode.

5. Execute the register and memory write sequence that is
required to configure the device in the proper operating
mode.

Table 27 contains an example series of register writes used to
configure the system at startup. The contents of the data column
may vary depending on the system configuration. The
configuration that is listed in Table 27 represents the default
initialization sequence for project files generated in SigmaStudio.

Recommended Program/Parameter Loading Procedure

When writing large amounts of data to the program or parameter
RAM in direct write mode (when downloading the initial
contents of the RAMs from an external memory), use the
hibernate register (Address 0xF400) to disable the processor
core, preventing undesirable noises from appearing at the audio
output. See Table 60 in the Programming the SigmaDSP Core
section for details. When small amounts of data are transmitted
during real-time operation of the DSP (such as when updating
individual parameters), the software safeload mechanism can be
used (see the Software Safeload section).

Table 27. Example System Initialization Register Write Sequence'

Address | Data Register/Memory | Description

N/A N/A N/A If using I°C, skip the next lines that enable SPI mode by toggling the SS/ADDRO pin
three times.

N/A N/A N/A Pull SS/ADDRO low for at least one MCLK cycle.

N/A N/A N/A Set SS/ADDRO high for at least one MCLK cycle. First toggle is complete.

N/A N/A N/A Pull SS/ADDRO low for at least one MCLK cycle.

N/A N/A N/A Set SS/ADDRO high for at least one MCLK cycle. Second toggle is complete.

N/A N/A N/A Pull SS/ADDRO low for at least one MCLK cycle.

N/A N/A N/A Set SS/ADDRO high for at least one MCLK cycle. Third toggle is complete. The slave
communication port is now in SPI mode.

0xF890 0x00, 0x00 SOFT_RESET Enter soft reset.

0xF890 0x00, 0x01 SOFT_RESET Exit soft reset.

N/A N/A N/A Wait for at least 650 ns (with MCLK = 12.288 MHz).

0xF400 0x00, 0x00 Hibernate Hibernate off.

0xF400 0x00, 0x01 Hibernate Hibernate on.

N/A N/A N/A Wait for at least one sample period.

0xF403 0x00, 0x01 KILL_CORE Stop the core immediately.

0xF000 0x00, 0x60 PLL_CTRLO Set the feedback divider to the correct setting for the application. In this example, it
is set to the power-on default setting of 96.

0xFO001 0x00, 0x02 PLL_CTRL1 Set PLL input clock divider to 4.

0xF002 0x00, 0x01 PLL_CLK_SRC Set clock source to PLL clock.

0xF005 0x00, 0x05 MCLK_OUT Enable MCLK output (12.288 MHz).

0xF003 0x00, 0x01 PLL_ENABLE Enable PLL.

N/A N/A N/A Wait for PLL lock (see the Power-Up Sequence section); the maximum PLL lock time
is 10.666 ms.

0xF050 0x4F, OxFF POWER_ENABLEO Enable power for all major systems except Clock Generator 3 (Clock Generator 3 is
rarely used in most systems).

0xF051 0x00, 0x00 POWER_ENABLE1 Disable power for subsystems like PDM microphones, S/PDIF, and the ADC if the
subsystems are not used in the system.
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Address | Data Register/Memory | Description
0xC000 Data generated Program RAM data | Download the entire program RAM contents using a block write (data provided by
by SigmaStudio SigmaStudio compiler).
0x0000 Data generated DMO RAM data Download Data Memory DMO using a block write (data provided by SigmaStudio
by SigmaStudio compiler).
0x6000 Data generated DM1 RAM data Download Data Memory DM1 using a block write (data provided by SigmaStudio
by SigmaStudio compiler); the start address of DM1 may vary, depending on the SigmaStudio
compilation.
0xF404 0x00, 0x00 START_ADDRESS Set program start address as defined by the SigmaStudio compiler.
0xF401 0x00, 0x02 START_PULSE Set DSP core start pulse to internally generated pulse.
N/A N/A N/A Configure any other registers that require nondefault values.
0xF403 0x00, 0x00 KILL_CORE Remove the KILL_CORE state to allow the core to be started when the START_CORE
sequence is performed.
0xF402 0x00, 0x00 START_CORE Start the low to high transition.
0xF402 0x00, 0x01 START_CORE Start the core. Complete the low to high transition.
N/A N/A N/A Wait 50 ys for initialization program to execute.
0xF400 0x00, 0x00 Hibernate Hibernate off.

" N/A means not applicable

MASTER CLOCK, PLL, AND CLOCK GENERATORS
Clocking Overview

To externally supply the master clock, connect the clock source
directly to the XTALIN/MCLK pin. Alternatively, use the
internal clock oscillator to drive an external crystal.

Using the Oscillator

The ADAU1452/ADAU1451/ADAU1450 can use an on-board
oscillator to generate its master clock. However, to complete the
oscillator circuit, an external crystal must be attached. The on-
board oscillator is designed to work with a crystal that is tuned
to resonate at a frequency of the nominal system clock divided
by 24. For a normal system, where the nominal system clock is
294.912 MHz, this frequency is 12.288 MHz.

The fundamental frequency of the crystal can be up to 30 MHz.
Practically speaking, in most systems, the fundamental frequency
of the crystal must range from 3.072 MHz to 24.576 MHz.

For the external crystal in the circuit, use an AT-cut parallel
resonance device operating at its fundamental frequency. Do not
use ceramic resonators, because of their poor jitter performance.
Quartz crystals are ideal for audio applications. Figure 15 shows
the crystal oscillator circuit that is recommended for proper
operation.

22pF
XTALIN/MCLK < I {|
[112.288MHz
1000 .
XTALOUT ——moe 2
22pF g

Figure 15. Crystal Resonator Circuit

The 100 © damping resistor on XTALOUT provides the oscillator
with a voltage swing of approximately 3.1 V at the XTALIN/
MCLK pin. The optimal crystal shunt capacitance is 7 pF. The
optimal load capacitance of this shunt, as specified by the manu-
facturer, must be about 20 pF, although the circuit supports values
of up to 25 pE. Ensure that the equivalent series resistance is as

small as possible. Calculate the necessary values of the two load
capacitors in the circuit from the crystal load capacitance, using
the following equation:

_CIxc2
Locrvcy MY

where:

CI and C2 are the load capacitors.

Csrray is the stray capacitance in the circuit. Csrray is usually
assumed to be approximately 2 pF to 5 pE, but it varies
depending on the PCB design.

Short trace lengths in the oscillator circuit decrease stray capaci-
tance, thereby increasing the loop gain of the circuit and helping
to avoid crystal start-up problems. Therefore, place the crystal
as near to the XTALOUT pin as possible, and on the same side
of the PCB.

On the EVAL-ADAU1452MINIZ evaluation board, the C1 and
C2 load capacitors are 22 pE.

Do not use XTALOUT to directly drive the crystal signal to
another IC. This signal is an analog sine wave with low drive
capability and, therefore, is not appropriate to drive an external
digital input. A separate pin, CLKOUT, is provided for this pur-
pose. The CLKOUT pin is set up using the MCLK_OUT register
(Address 0xF005). For a more detailed explanation of CLKOUT,
refer to the Master Clock Output section or the register map
description of the MCLK_OUT register (see the CLKOUT
Control Register section).

If a clock signal is provided from elsewhere in the system directly
to the XTALIN/MCLK pin, the crystal resonator circuit is not
necessary, and the XTALOUT pin can remain disconnected.
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Setting the Master Clock and PLL Mode

An integer PLL is available to generate the core system clock
from the master clock input signal. The PLL generates the nominal
294.912 MHz core system clock to run the DSP core. As a result of
the flexible clock generator circuitry, this nominal core clock
frequency can be used for a variety of audio sample rates. An
integer prescaler takes the clock signal from the MCLK pin and
divides its frequency by 1, 2, 4, or 8 to meet the appropriate
frequency range requirements for the PLL itself. The nominal
input frequency to the PLL is 3.072 MHz. For systems with

an 11.2896 MHz input master clock, the input to the PLL is
2.8224 MHz.

1,2,4, (DEFAULT)
8 9%

OR
XTALIN o—» SYSTEM CLOCK

NOMINALLY
3.072MHz

11486-020

Figure 16. PLL Functional Block Diagram

The master clock input signal ranges in frequency from 2.375 MHz
to 36 MHz. For systems that are intended to operate at a 48 kHz,

96 kHz, or 192 kHz audio sample rate, the typical master clock
input frequencies are 3.072 MHz, 6.144 MHz, 12.288 MHz, and
24.576 MHz. Note that the flexibility of the PLL allows a large
range of other clock frequencies.

The PLL in the ADAU1452 and ADAU1451 has a nominal (and
maximum) output frequency of 294.912 MHz. The PLL output
of the ADAU1452-150 and ADAU1450 is divided to obtain a
system clock frequency at half the rate of the ADAU1452 and
ADAU1451, with a nominal (and maximum) output frequency
of 147.456 MHz.

The PLL is configured by setting Register 0xF000 (PLL_CTRLO),
Register 0xF001 (PLL_CTRL1), and Register 0xF002 (PLL_CLK_
SRC). After these registers are modified, set Register 0xF003, Bit 0
(PLL_ENABLE), forcing the PLL to reset itself and attempt to
relock to the incoming clock signal. Typically, the PLL locks
within 3.5 ms. When the PLL locks to an input clock and creates
a stable output clock, a lock flag is set in Register 0xF004, Bit 0
(PLL_LOCK).
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Example PLL Settings

Depending on the input clock frequency, there are several possible
configurations for the PLL. Setting the PLL to generate the highest
possible system clock, without exceeding the maximum, allows the
execution of more DSP program instructions for each audio frame.
Alternatively, setting the PLL to generate a lower frequency system
clock allows fewer instructions to be executed and also lowers

overall power consumption of the device. Table 28 shows several
example MCLK frequencies and the corresponding PLL settings
that allow for the highest number of program instructions to be
executed for each audio frame. The settings provide the highest
possible system clock without exceeding the 294.912 MHz upper
limit (or 147.456 MHz in the case of the ADAU1452-150 and
ADAU1450).

Table 28. Optimal Predivider and Feedback Divider Settings for Varying Input MCLK Frequencies

ADAU1452, ADAU1452K, ADAU1452-150 and
Input MCLK Predivider PLL Input Clock Feedback Divider | and ADAU1451 System ADAU1450
Frequency (MHz) Setting (MHz) Setting Clock (MHz) System Clock (MHz)
2.8224 1 2.8224 104 293.5296 146.7648
3 1 3 98 294 147
3.072 1 3.072 96 294.912 147.456
35 1 35 84 294 147
4 1 4 73 292 146
4.5 1 4.5 65 292.5 146.25
5 2 25 117 2925 146.25
55 2 2.75 107 294.25 147.125
5.6448 2 2.8224 104 293.5296 146.7648
6 2 3 98 294 147
6.144 2 3.072 96 294.912 147.456
6.5 2 3.25 90 2925 146.25
7 2 35 84 294 147
7.5 2 3.75 78 292.5 146.25
8 2 4 73 292 146
8.5 2 4.25 69 293.25 146.625
9 2 4.5 65 2925 146.25
9.5 4 2.375 124 294.5 147.25
10 4 25 117 2925 146.25
10.5 4 2,625 112 294 147
11 4 2.75 107 294.25 147.125
11.2896 4 2.8224 104 293.5296 146.7648
11.5 4 2.875 102 293.25 146.625
12 4 3 98 294 147
12.288 4 3.072 96 294.912 147.456
12.5 4 3.125 94 293.75 146.875
13 4 3.25 90 2925 146.25
135 4 3.375 87 293.625 146.8125
14 4 35 84 294 147
14.5 4 3.625 81 293.625 146.8125
15 4 3.75 78 2925 146.25
15.5 4 3.875 76 294.5 147.25
16 4 4 73 292 146
16.5 4 4125 71 292.875 146.4375
17 4 4.25 69 293.25 146.625
17.5 4 4.375 67 293.125 146.5625
18 4 4.5 65 2925 146.25
18.5 8 23125 127 293.6875 146.84375
19 8 2375 124 294.5 147.25
19.5 8 24375 120 2925 146.25
20 8 25 117 2925 146.25
20.5 8 2.5625 115 294.6875 147.34375
21 8 2625 112 294 147
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ADAU1452, ADAU1452K, ADAU1452-150 and
Input MCLK Predivider PLL Input Clock Feedback Divider | and ADAU1451 System ADAU1450
Frequency (MHz) Setting (MHz) Setting Clock (MHz) System Clock (MHz)
215 8 2.6875 109 292.9375 146.46875
22 8 2.75 107 294.25 147.125
225 8 2.8125 104 292.5 146.25
22.5792 8 2.8224 104 293.5296 146.7648
23 8 2.875 102 293.25 146.625
235 8 2.9375 100 293.75 146.875
24 8 3 98 294 147
245 8 3.0625 96 294 147
24.576 8 3.072 96 294912 147.456
25 8 3.125 94 293.75 146.875
Relationship Between System Clock and Instructions per Table 29. Maximum Instructions per Sample, Depending on

Sample

The DSP core executes only a limited number of instructions
within the span of each audio sample. The number of instructions
that can be executed is a function of the system clock and the DSP
core sample rate. The core sample rate is set by Register 0xF401
(START_PULSE), Bits[4:0] (START_PULSE).

The number of instructions that can be executed per sample is
equal to the system clock frequency divided by the DSP core
sample rate. However, the program RAM size is 8192 words;
therefore, in cases where the maximum instructions per sample
exceeds 8192, subroutines and loops must be utilized to make
use of all available instructions (see Table 29).

PLL Filter

An external PLL filter is required to help the PLL maintain
stability and to limit the amount of ripple appearing on the phase
detector output of the PLL. For a nominal 3.072 MHz PLL input
and a 294.912 MHz system clock output (or 147.456 MHz in the
case of the ADAU1452-150 and ADAU1450), the recommended
filter configuration is shown in Figure 17. This filter works for
the full frequency range of the PLL.

5.6nF

PVDD <:|—l—{ —

150pF $4.3kQ

PLLFILT D—L

Figure 17. PLL Filter

11486-021

Because the center frequency and bandwidth of the loop filter
is determined by the values of the included components, use high
accuracy (low tolerance) components. Components that are
valued within 10% of the recommended component values and
with a 15% or lower tolerance are suitable for use in the loop
filter circuit.

The voltage on the PLLFILT pin, which is internally generated,
is typically between 1.65 V and 2.10 V.

System Clock and DSP Core Sample Rate

DSP Core
System Sample Rate Maximum Instructions
Clock (MHz) (kHz) per Sample
294.912 8 36,864"
294.912 12 24,576'
294.912 16 18,432!
294.912 24 12,288’
294.912 32 9216
294.912 48 6144
294.912 64 4608
294912 96 3072
294.912 128 2304
294.912 192 1536
293.5296 11.025 26,624
293.5296 22.05 13,312
293.5296 441 6656
293.5296 88.2 3328
293.5296 176.4 1664
147.456 8 18,432"
147.456 12 12,288'
147.456 16 9216!
147.456 24 6144
147.456 32 4608
147.456 48 3072
147.456 64 2304
147.456 96 1536
147.456 128 1152
147.456 192 768
146.7648 11.025 13,312
146.7648 22.05 6656
146.7648 441 3328
146.7648 88.2 1664
146.7648 176.4 832

! The instructions per sample in these cases exceed the program memory
size of 8192 words; therefore, to utilize the full number of instructions,
subroutines or branches are required in the SigmaStudio program.
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Clock Generators

Three clock generators are available to generate audio clocks for
the serial ports, DSP, ASRCs, and other audio related functional
blocks in the system. Each clock generator can be configured to
generate a base frequency and several fractions or multiples of that
base frequency, creating a total of 15 clock domains available for
use in the system. Each of the 15 clock domains can create the
appropriate LRCLK (frame clock) and BCLK (bit clock) signals for
the serial ports. Five BCLK signals are generated at frequencies of
32 BCLK/sample, 64 BCLK/sample, 128 BCLK/sample, 256 BCLK/
sample, and 512 BCLK/sample to deal with TDM data. Therefore,
with a single master clock input frequency, 15 different frame clock
frequencies and 75 different bit clock frequencies can be
generated for use in the system.

The nominal output of each clock generator is determined by
the following formula:

Output_Frequency = (Input_Frequency x N)/(1024 x M)

where:

Input_Frequency is the PLL output (nominally 294.912 MHz).
Output_Frequency is the frame clock output frequency.

N and M are integers that are configured by writing to the clock
generator configuration registers.

These calculations are also accurate in the case of the ADAU1452-
150 and ADAU1450, even though the output rate of its PLL is
half of that of the ADAU1452/ADAU1451. Figure 19 shows the
dividers before the clock generators compensate for the
difference in the system clock rate.

1,2,4, PROGRAMMABLE
OR 8 TYPICALLY 96

In addition to the nominal output, four additional output signals
are generated at double, quadruple, half, and a quarter of the
frequency of the nominal output frequency.

For Clock Generator 1 and Clock Generator 2, the integer numer-
ator (N) and the integer denominator (M) are nine bits long,
each. For Clock Generator 3, N and M are each 16 bits long,
allowing a higher precision when generating arbitrary clock
frequencies.

Figure 18 shows a basic block diagram of the PLL and clock
generators. Each division operator symbolizes that the frequency
of the clock is divided when passing through that block. Each
multiplication operator symbolizes that the frequency of the
clock is multiplied when passing through that block.

Figure 20 shows an example where the master clock input has a
frequency of 12.288 MHz, and the default settings are used for
the PLL predivider, feedback divider, and Clock Generator 1
and Clock Generator 2. The resulting system clock is as follows:

12.288 MHz + 4 x 96 = 294.912 MHz

The base output of Clock Generator 1 is as follows:
294912 MHz + 1024 x 1 + 6 = 48 kHz

The base output of Clock Generator 2 is as follows:
294912 MHz + 1024 x 1 + 9 =32 kHz

In this example, Clock Generator 3 is configured with N = 49 and
M = 320; therefore, the resulting base output of Clock Generator 3 is
as follows:

294.912 MHz + 1024 x 49 + 320 = 44.1 kHz

» SYSTEM CLOCK

XTALIN/
MCLK O : I—’| o
DIVIDER FEEDBACK

DIVIDER

-{+024]

(Default)
N=1, N
M=6 - x4
CLKGEN 1 > x2
xN+M o x1
<2
(Defauly L—=+4
N=1, N
M=9 - x4
CLKGEN 2 > 2
xN<+M e x1
H— 2
4
| x4
e x2
Ctlf‘lG_E“N’I 3 [ x1 g
H— =2 g
L b =x4 A

Figure 18. PLL and Clock Generators Block Diagram for 294.912 MHz Nominal System Clock Rate
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Figure 19. PLL and Clock Generators Block Diagram for the ADAU1452-150 and the ADAU1450
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Figure 20. PLL and Audio Clock Generators with Default Settings and Resulting Clock Frequencies Labeled, XTALIN/MCLK = 12.288 MHz
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Figure 21. PLL and Audio Clock Generators with Default Settings and Resulting Clock Frequencies Labeled, XTALIN/MCLK = 11.2896 MHz
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