ES9291
Stereo High Performance SMART CODEC with PowerLine Driver
Product Datasheet
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Analog Reinvented

The SABRE® ES9291 High Performance SMART CODEC is a world class stereo analog-to-digital (ADC) and stereo digital-
to-analog (DAC) targeted for professional audio interfaces, very high-quality microphones, live stream media, powered
speakers, mixers, recorders and other applications.

The ES9291 is a cost-effective solution that has 2 integrated ADCs & DACs using ESS’ patented Hyperstream® [V
Architecture, which delivers unprecedented audio sound quality and specifications, including a True DNR of +121dB and a
THD+N ratio -110dB per channel. An analog-to-analog direct monitoring path with a mix mode is supported with very low
latency. The ES9291 supports I°S/LJ master/slave, TDM I/O and DSD input. The ES9291 includes 8 pre-programmed FIR
filters that are complementary to both ADC & DAC.

The ES9291 SMART CODEC incorporates ESS’ 2nd generation Audio Signal Processors (ASP2) on both the DAC & ADC
data paths. Customers can integrate multi-band PEQs, MIXERs, DRC, AGL, stereo widening, and specialty filters such as
RIAA and cross-over filters.

Leveraging ESS’ SABRE Intelligence Studio (SI Studio) simplifies programming the ASP2, potentially reducing or
eliminating separate DSP requirements. Additional features include a Temperature Sensor and Jack Detection.

The new single-ended PowerLine Driver with an output drive of up to 125mW @ 32Q is integrated into the ES9291
providing a very high-performance headphone amplifier and line driver for exceeding all application requirements.

FEATURE

+121dB True DNR per channel
-110dB THD+N per channel

Integrated PowerLine Driver

Audio Signal Processor (ASP2)
8 pre-programmed built-in Filters

High Sample Rates
Integrated Analog PLL

Multiple 1/O Formats Available

Digital Volume Control (I?C/SPI)
Digital Gain Control (I*C/SPI)

[2)C, SPI, and Hardware interface control

Programmable Microphone Bias Supply
Ultra-Low Noise Floor Bandwidth on ADC
Integrated low noise reference regulators

Low Pin Count Packaging

DESCRIPTION

High-Performance True Dynamic Range and very low distortion

High-Performance Headphone & Line Driver
125mW output power @ 32Q) with external negative supply (per channel)
70mW output power @ 32Q with internal negative supply (per channel)

Presets of digital optimal filters for ADC & DAC

ASP2 can be used for custom filters

Up to 768kHz PCM (ADC/DAC) & DSD1024 (DAC) in 64FS mode
Minimal reduction in performance as compared with external clock,
eliminating the need for a powered oscillator

1°S & TDM inputs/outputs are available, TDM daisy chain is supported, DSD
& DoP256 (DAC) input, S/PDIF Stereo output

-127 to 0dB (ADC) and -126 to +1dB (DAC) in increments of +0.5dB
+0 to +42dB in increments of +6dB for creating maximum gain

Configured by microcontroller or other [*C/SPI source, or pins through
Hardware Mode for simplification of control,
Master SPI Interface integration

Integrated MICBIAS can be programmed from 1.45V-2.8V

200kHz bandwidth enabling higher resolution at higher sample rates
Reduced BOM cost, PCB area and improved DNR

7mm x 7mm 48 pin QFN
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List of Terms and Abbreviations
Term/Abbreviation | Definition Term/Abbreviation | Definition
ADC Analog to Digital Converter JDET Jack DETect
AM AutoMute LJ Left Justified
APLL Analog Phase Locked Loop MB Mic Bias
ASP Audio Signal Processor MCLK Master CLocK
BCK Bit ClocK MEM MEMory
BYP BYPass MIC MICrophone
CDM Charge Device Model PCM Pulse Code Modulation
CH CHannel PD Power Down
CLK CLocK PDM Pulse Density Modulation
CODEC COder-DECoder PROG PROGram
CP Charge Pump RPC Reflow Process Consideration
CS Channel Status Sony / Philips Digital Interface
S/PDIF Format
DAC Digital to Analog Converter orma
DCLK Data CLocK SEL SELect
DEC DECoder SNR Signal-to-Noise Ratio
DIR MON | DIRect MONitor SNS SeNsSe
DMA Direct Memory Access SPI Serial Peripheral Interface
DNR Dynamic Range SPILM SPI Master
DoP DSD Over PCM SW (Mode) SoftWare Mode
DSD Direct Stream Digital TDM Time Division Multiplexing
EN ENable THD+N Total Harmonic Distortion +
Noise
ENC ENCoder
—— TS/TSENSE Temperature Sensor
ESD ElectroStatic Discharge :
— VIH Voltage In High
FIR Finite Impulse Response
VIL Voltage In Low
GND GrouND VOH Voltage Out High
oltage Out Hi
GPIO General Purpose Input / Output g J
VOL Voltage Out Low
HBM Human Body Model
VREF Voltage REFerence
HW (Mode) HardWare Mode :
— WE Write Enable
[2C Inter-Integrated Circuit
, WS/ES Word Select/Frame Select
IS Inter-Integrated Sound * FS Also refers to Sample Rate
IR Infinite Impulse Response Table 1 - List of Terms and Abbreviations
INV INVert
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Functional Block Diagram

DVDD AVDD

» T \
ACLK CLOCK POWER
NETWORK DIGITAL MANAGEMENT& CONTROL
PLL_REG PLL REGULATOR REGULATOR
PROGRAM MABLE
ANALOG PLL MIC BIAS »
CHIP_EN CLK DETECT / POR DIGITAL CORE JACK DETECT
GPIO7/M_CSB/HW4
GPIO5/M_MOsI MASTER SLAVE
GPIO4/M_SCLK Interface Interface
GPIO3 Controller | Controller
DATA5/GPIO2

DATA4
DATA3/GPIO1
DATA2

DATA1
DATA_CLK

TEMPERATURE SENSOR

DIRECT MONITORING

RT1

LOW NOISE REG

erstream® |V
ADC

VREF_ADC

IN_P1
IN_M1
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IN_M2 ADC
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Hyperstream® IV |
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o o
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[%]
ol £
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T:Z;VI <Dt E _Hyperstream® v P?IVI\\IIEER
~ = DAC
DSD (DAC) g = DRIVER
DoP (DAC) b, 2
S/PDIF
ENCODING

CHARGE PUMP
. . I -

DGND AGND_ADC AGND_DAC AGND_CP C1 C2 PNEG

Figure 1 - ES9291 Functional Block Diagram
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ES9291 Package
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Figure 2 - 48 QFN Pinout
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48 QFN Pin List
Pin | Name Pin Type | Reset State | Pin Description
1 | JDET Al/O Power Jack Detect
2 | OUT1 AO Ground Power Line Driver Output 1
3 | DAC1B AO Ground DAC Channel 1 Capacitor Connection (Signal Side)
4 | DAC1 AO Ground DAC Channel 1 Capacitor Connection (Ground Side)
5 | GND_SNS Al/O - Power Line Driver Ground Sense
6 | DAC2 AO Ground DAC Channel 2 Capacitor Connection (Ground Side)
7 | DAC2B AO Ground DAC Channel 2 Capacitor Connection (Signal Side)
8 | OUT2 AO Ground Power Line Driver Output 2
3.3V Supply for Power Line Driver
o [MCORID | powr | poser | BeS etenal W Tanun ard 100 COGNPO
See Reference Schematic for details
ADC Reference Voltage, internally generated
10 | VREF_ADC Al/0 P/D Requires an external 4.7uF Tantalum decoupling capacitor to
ground. See Reference Schematic for details
Bandgap Reference Voltage, internally generated
11 | VREF Al/0 P/D Requires an external 4.7uF Tantalum decoupling capacitor to
ground. See Reference Schematic for details
Low Noise Supply for Microphone Bias, internally generated
12 | MICBIAS Al/O P/D Requires an external 1uF decoupling capacitor to ground.
See Reference Schematic for details
13 | AGND_DAC Ground Ground | Analog Ground for DAC
14 | IN_P1 Al Ground | ADC Channel 1 Differential Positive (+) Input
15 | IN_M1 Al Ground | ADC Channel 1 Differential Negative (-) Input
16 | IN_M2 Al Ground | ADC Channel 2 Differential Negative (-) Input
17 | IN_P2 Al Ground | ADC Channel 2 Differential Positive (+) Input
3.3V Supply for ADC
W0 | pow | powr | SeOes e 7 el nd 100 COGNPO
See Reference Schematic for details
19 | AGND_ADC Ground Ground | Analog Ground for ADC
DAC Reference Voltage, internally generated
20 | VREF_DAC Al1/O P/ID Requires an external 4.7uF Tantalum decoupling capacitor to
ground. See Reference Schematic for details
21 | S_MISO DI/O HiZ SPI Main In Sub Out pin (Slave), controlled by MODE
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ADDRO [2C Address 0 pin, controlled by MODE
MUTE_MCLK_CTRL Hardware Mute Control pin, controlled by MODE
S_CSB SPI Slave Select pin (Slave), controlled by MODE
22 | ADDR1 DI/O HiZ [2C Address 1 pin, controlled by MODE
HW?2 Hardware 2 interface pin, controlled by MODE
S_SCLK SPI Serial Clock pin (Slave), controlled by MODE
23 | SCL DI/O HiZ I?C Serial Clock pin, controlled by MODE
HWA1 Hardware 1 interface pin, controlled by MODE
S_MOSI SPI Main Out Sub In pin (Slave), controlled by MODE
24 | SDA DI/O HiZ [>C Serial Data pin, controlled by MODE
HWO Hardware 0 interface pin, controlled by MODE
25 | MODE DI/O HiZ [2C/SPI Control selection or HW mode
GPIO7 General 1107
26 | M_CSB DI/O HiZ SPI Slave Select (Master) pin, controlled by MODE
HW4 Hardware 4 interface pin, controlled by MODE
GPIO6 General /0 6
27 | M_MISO DI/O HiZ SPI Main In Sub Out pin (Master), controlled by MODE
HW3 Hardware 3 interface pin, controlled by MODE
%8 GPIOS D1/O Hiz General /0 5
M_MOSI SPI Main Out Sub In pin (Master), controlled by MODE
% GPI04 D1/O Hiz Generall /0 4 .
M_SCLK SPI Serial Clock pin (Master), controlled by MODE
30 | GPIO3 DI/O HiZ General I/0 3
3 GPI02 -_ iz Gerileral /0 2
DATAS Serial Data 5
32 | DATA4 DI/O HiZ Serial Data 4
33 GPIO1 D1/O Hiz Ger?eral 110 1
DATA3 Serial Data 3
34 | DATA2 DI/O HiZ Serial Data 2
35 | DATAT1 DI/O HiZ Serial Data 1
36 | DATA_CLK DI/O HiZ Serial Data Clock
Digital core supply, internally generated
37 | DvDD Al/O P/D Requires an external 1uF decoupling capacitor to ground.
See Reference Schematic for details
38 | DGND Ground Ground Digital core ground
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39 | AVDD Power Power 3.3V 1/0 supply

40 | ACLK Clock | HiZ Clock input

41 | RTH D /O HiZ Es:craar\t/;dn.. Must be connected to DGND for normal
Low Noise Supply for PLL, internally generated

42 | PLL_REG Al/0 P/D Requires an external 1uF Tantalum decoupling capacitor to
ground. See Reference Schematic for details

43 | CHIP_EN Reset DI/O Active-High Chip Enable (Defines Reset State)

44 | AVCC_CP Power Power 3.3V Supply for Charge Pump

45 | C1 Al/O Ground Charge Pump positive flying capacitor pin

46 | C2 Al/O Ground | Charge Pump negative flying capacitor pin
Negative Supply for Line Driver, internally generated.

47 | PNEG Al/O P/D Requires an external 4.7uF decoupling capacitor to ground.
See Reference Schematic for details

48 | AGND_CP Ground Ground | Analog Ground for Charge Pump

49 | Package Pad ) i tEOIe\;crtor:j:r:]a(ljly connected to internal grounds. Must be connected

Table 2 - 48 QFN Pin List

A = Analog, D = Digital, | = Input, O = Output, HiZ = High Impedance, P/D = Power Down
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Configuration Modes

The ES9291 SMART CODEC has 4 control programming modes which are controlled by the state of the MODE pin (Pin
25).

MODE PIN Configuration
0 1C Interface
Pull 0 HW control mode (see Hardware Mode Table)
Pull 1 HW control mode (see Hardware Mode Table)
1 SPI Interface

Table 3 - Mode Pin Configuration Options

Design Information

Hardware pins can be configured in 4 different ways. Each pin can be tied-high (1), pulled-high (Pull 1), pulled-low (Pull 0),
or tied-low (0). HWO and HW1 pins are always tied-high or tied-low. These 4 options also apply to MUTE_CTRL.

1 (Tie High) Pull 1 (Pull High) Pull 0 (Pull Low) 0 (Tie Low)
AVDD or GPIO m AVDD or GPIO HWO/
mos  |HWI oo [HWZ HW2) HW1/

HW2/ HW3/ HW3/ HW2/
HW3/ HW4/ 47k0% HW4/ e Q% HW3/
HW4/ MODE MODE HW4/
MODE GND or GPIO aoorcro | MODE

Figure 3 - Example Hardware Mode Pin Configurations
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Software Mode

The ES9291 supports a slave I?C or SPI serial communication in software mode. There are two types of registers,
read/write registers and read-only registers. Software modes are set when the MODE pin is a 0 (OV) for I*C ora 1 (AVDD)
for SPI.

A system clock is not required to read and write registers.

I2C Slave Interface Commands

e MODE (Pin 25) - 0 (Tied-Low) I2C Address ADDR1 ADDRO
e Connect per I*C standard 0x30 GND GND
o SDA(Pin 24) 0x32 GND AVDD
o SCL (Pin 23)
o ADDRO (Pin 21) 0x34 AVDD GND
o ADDR1 (Pin 22) 0x36 AVDD AVDD

Table 4 - 1°C Addresses

SDA L[\ SR W A
SO A AC Ao

Start 0x30 ACK 0x00 ACK 0x2F ACK
Write Address Register Data

Start 0x30 ACK 0xE1 ACK + Start 0x31 ACK 0xAD NACK
Write Address Register Read Address Data

Figure 4 - 1°C Write and Read Example
Note: CHIP_ID is 0xAD in Register 225 (0xE1)
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SPI Slave Interface Commands
e MODE (Pin 25) - AVDD
e Connect per SPI standard
o S_MOSI (Pin 24) SPI Command | First Byte
o S_SCLK (Pin 23) .
Writ 0x03
o S_CSB(Pin22) e X
o S _MISO (Pin 21) Read 0x01
Table 5 - SPI Commands
CSB ,I 5 ; il
SCLK UL || LT U UL UL L
MISO ' High Z ' High Z ' High Z !
MOSI 0 00000/TT0000000000/M0/T7T11
| 0x03 ' 0x00 ' OX2F '
Write Register Data
csB | 3 e I
SCLK a ||||||||||| LT U LT L L
MISO | HighZ 1 _HighZ /T\g/T\mg/T?\_
MOSI ‘0000000/1 11 1\0000/_\H|th |
| 0x01 OXE1 OXAD '
Read Register Data
CSB ] | | | I
SCLK 1|||| LTI || L] ||||||||| |||||||||||||||||||||| ||
MISO 1nghZ 'nghZ '0/1\0/1 1\0/1\0/1 17\0/1\0 0 0 o-
MOSI ‘ooooooo/‘—\mm OOOOnghZ ' High Z 5
0x01 0xFO ' Register OxF0 Register OxF1
Read Register Byte 1

Figure 5 - SPI Single Byte Write, Single Byte Read, and Multi Byte Read Example

Note: CHIP_ID is 0xAD in Register 225 (0xE1)
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Hardware Mode

The ES9291 has pre-configured modes that can be set with an external pin configuration. These modes configure the
analog to digital converters (ADC) and digital to analog converters (DAC) for different input/output serial data rates and set
the mute control. Hardware mode (HW) supports analog or stereo digital PDM microphones as inputs. Each hardware mode
pin has 4 states that can be found in Design Information.

These modes are set with pins:
e MODE (Pin 25)
e HWO (Pin 24)
e HW1 (Pin 23)
e HW2 (Pin 22)
e HW3 (Pin 27)
e HWA4 (Pin 26)
e GPIO5 (Pin 28)
e MUTE_CTRL (Pin 21)

Recommended Hardware Mode Setup Sequence
The Hardware Mode setup sequence is shown below with all hardware pins being defined after CHIP_EN is asserted.

Note: MUTE_CTRL should be set to muted until the HW mode is finalized and after CHIP_EN is asserted, then it may be
set to the correct clock rate and unmuted last. See Mute and MCLK Control for more information.

CHIP_EN

HWO0

HWA1

HW2

GPIO5

GPIO6/HW3

> ST S o] o] <]

GPIO7HW4

MUTE_CTRL

Figure 6 - Hardware Mode Startup Sequence

Y
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Hardware Pin Configurations Pt1

MHoV(\i’e Description FS [kHz] BCK [MHz] MODE | HW2 | HW1 | HWO0
32-bit PCM Master Modes (Ext MCLK)
0 1S with Ext MCLK MCLK/128 MCLK/2 (64*FS) Pull0 | O 0 0
1 1S with Ext MCLK MCLK/256 MCLK/4 (64*FS) Pull0O | O 0 1
2 1S with Ext MCLK MCLK/512 MCLK/8 (64*FS) Pull0O | O 1 0
3 1S with Ext MCLK MCLK/1024 MCLK/16 (64*FS) Pull0O | O 1 1
4 LJ with Ext MCLK MCLK/128 MCLK/2 (64*FS) PullO [PullO| O 0
5 LJ with Ext MCLK MCLK/256 MCLK/4 (64*FS) PullO | PullO| O 1
6 LJ with Ext MCLK MCLK/512 MCLK/8 (64*FS) Pull0 | PullO| 1 0
7 LJ with Ext MCLK MCLK/1024 MCLK/16 (64*FS) Pull0 | PullO| 1 1
32-bit PCM Slave Modes (PLL or Ext MCLK)
8 1S with Ext MCLK, Auto FS  {44.1 <FS <768 64*FS Pull0 | Pull1| O 0
9 1S with PLL from BCK 48 3.072 PullO [Pull1| 0 1
10 1S with PLL from BCK 96 6.144 PullO |Pull1]| 1 0
11 1S with PLL from BCK 192 12.288 PullO |Pull1| 1 1
12 LJ with Ext MCLK, Auto FS  |44.1 <FS <768 64*FS Pull 0 1 0 0
13 LJ with PLL from BCK 48 3.072 Pull 0 1 0 1
14 LJ with PLL from BCK 96 6.144 Pull 0 1 1 0
15 LJ with PLL from BCK 192 12.288 Pull 0 1 1 1

21

Table 6 - Hardware Pin Configurations Pt1
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Hardware Pin Configurations Pt2
MHov(\i’e Description FS [kHz] BCK [MHZz] MODE | HW2 | HW1 | HWO0
32-bit TDM LJ Slave Modes, Autodetect FS & CH Num
_ Auto (64FS, 128FS, 256FS,
16 TDM LJ Channel Slots =1,2 |44.1 <FS <768 512FS, 1024FS) Pull 1 0 0 0
17 TDM LJ Channel Slots = 3,4 |44.1 <FS <384 Auto (128FS, 256FS, 512FS, Pull 1 0 0 1
1024FS)
18 TDM LJ Channel Slots =5,6 [44.1 <FS <192 |Auto (256FS, 512FS, 1024FS)| Pull 1 0 1 0
19 TDM LJ Channel Slots = 7,8 [44.1 < FS < 192|Auto (256FS, 512FS, 1024FS)| Pull 1 0 1 1
20 | TDMLJ Channel Slots =9,10 | 44.1 <FS <96 Auto (512FS, 1024FS) Pull1 | PullO| O 0
21 | TDM LJ Channel Slots = 11,12 | 441 <FS <96 Auto (512FS, 1024FS) Pull1 [ PullO| O 1
22 | TDM LJ Channel Slots = 13,14 | 441 <FS <96 Auto (512FS, 1024FS) Pull1 [ PullO| 1 0
23 | TDM LJ Channel Slots = 15,16 | 44.1 <FS <96 Auto (512FS, 1024FS) Pull1 [ PullO| 1 1
16-bit TDM LJ Slave Modes, Autodetect FS & CH Num
_ Auto (32FS, 64FS, 128FS,
24 TDM LJ Channel Slots =1,2 |44.1 <FS <768 256FS, 512FS) Pull1 | Pull 1 0 0
25 TDM LJ Channel Slots =3,4 |44.1 <FS <768 Allio (64':?’1;'2:2;8’ 256FS, Pull1 | Pull 1 0 1
26 TDM LJ Channel Slots =5,6 [44.1 <FS <192| Auto (128FS, 256FS, 512FS) | Pull1 | Pull 1 1 0
27 TDM LJ Channel Slots =7,8 [44.1 <FS <192| Auto (128FS, 256FS, 512FS) | Pull1 | Pull 1 1 1
28 | TDM LJ Channel Slots =9,10 | 44.1 <FS <96 Auto (256FS, 512FS) Pull 1 1 0 0
29 | TDM LJ Channel Slots = 11,12 | 441 <FS <96 Auto (256FS, 512FS) Pull 1 1 0 1
30 | TDM LJ Channel Slots = 13,14 | 441 <FS <96 Auto (256FS, 512FS) Pull 1 1 1 0
31 | TDM LJ Channel Slots = 15,16 | 44.1 <FS <96 Auto (256FS, 512FS) Pull 1 1 1 1

Table 7 - Hardware Pin Configurations Pt2
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GPIO Functions in Hardware Mode

The ES9291 supports specific functions through the GPIO pins in hardware modes. The tables below show the available
controls in hardware modes. These include the DACs Automute, Filter Select, ADC DC Block, Gain, Mic Bias, and Input
Select. These functions are supported in hardware mode.

ﬁ\‘;m‘:;‘:: HW4 (Pin 26) | DAC Automute | ADC DC Block
0 Disabled Disabled
Al Pull 0 Disabled Enabled
Pull 1 Enabled Disabled
1 Enabled Enabled
Table 8 - DAC Automute and ADC DC Block control with HW4
ﬁ“,‘m‘;‘:z: HW3 (Pin27) |  DAC Filter Select Da'ng’gg:La'"
Filter 1
015 0/Pdli0 Minirzﬁtm F;hase )
ilter
PUlTI1 | Linear Phase Fast Roll-Of )
0 Filter 1 Parallel
(6.3 Pull 0 Minimum Phase Daisy Chain
Pull 1 Filter 3 Parallel
1 Linear Phase Fast Roll-Off | Daisy Chain
Table 9 - DAC Filter and Daisy Chain control with HW3
GPIO5 (Pin 28) ADC Input GPI04 (Pin 29) GPIO3 (Pin 30) ADC Gain Mic Bias
0 0 +0dB Disabled
0 1 +18dB Enabled (2.85V)
0 Analog
1 0 +24dB Enabled (2.85V)
1 1 +30dB Enabled (2.85V)
1 PDM Microphone! | PDM_MIC_DATA [I] | PDM_MIC_CLK[O] - -

Table 10 - ADC Input Select, Gain, and Mic Bias control with GPIO5/4/3

' PDM Microphone is not available when using a 45.158MHz/49.152MHz MCLK when the MCLK/FS ratio <= 128
23 ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM
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Mute and MCLK Control
Set MUTE_MCLK_CTRL (Pin 21) to mute the output while in Hardware Mode:
HW MUTE Control (Pin 21) Condition MCLK
0 Mute 24 .576MHz
1 Unmute 24 .576MHz
Pull 0 Mute 49.152MHz
Pull 1 Unmute 49.152MHz

Table 11 - Mute and MCLK Control in Hardware Mode
Note: If MUTE_MCLK_CTRL (Pin 21) is set to the incorrect MCLK rate, the ADC may have less output performance.
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Digital Features

The ES9291 SMART CODEC integrates several digital features including multiple Input/Output audio formats, an SPI
Master interface, a TDM Encoder daisy chain mode, pre-programmed digital filters, and programmable GPIOs. The ADC

digital signal path and the DAC digital signal path can pass audio through both paths alongside monitoring the signal with
Direct Monitoring.

Direct Monitoring w/ Mixing

WP/DSP

A
ES9201 o |
I - I Analog Monitor Out

Analog IN —:—» ADC >+ DAC —:—» (Direct Path)

| Low Latency Path >
- - 1

Figure 7 - Direct Monitoring Path
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Audio Input/Output Formats

The ES9291 SMART CODEC supports multiple audio serial input and output data formats and are selected through either
Software or Hardware modes.

The ES9291 DAC/Powerline datapath supports PCM, DSD, PDM, and DoP input formats and is selected using
Register 3[2:1] INPUT_DATA_FORMAT_SEL in software mode. The corresponding format ENABLE_[data
format]_DECODE bit in Register 2 must also be set.

The ES9291 ADC analog datapath supports PCM and S/PDIF output formats along with Analog/PDM microphone input
formats. The ADC’s PCM output is enabled with Register 2[0] ENABLE_TDM_ENCODE, and the S/PDIF output be set with
GPIO configuration registers. The PDM microphone can be configured using Register 18-20.

Note: In software mode, the ADC and DAC must be turned on together during initial startup. Hardware mode
automatically sets this configuration.

The formats include:
e PCM
o Slave and master mode is 16, 24, 32 - bit widths
o [I*S and Left-Justified (LJ)
o Sample rates up to 768kHz (64fs mode)
o Channel mapping

Up to 32 slots including daisy chain mode

Slave mode in hardware mode. Slave and master modes in software mode
LJ Format in hardware modes, I?S or LJ in software modes

Channel mapping

Slave and master modes in software mode
Sample rates from DSD64 (2.8224Mbits/s, 64x44.1kHz) to DSD512
Channel mapping
DSD over PCM)
Slave and master modes in software mode
Sample rates from DoP64 to DoP256
Channel mapping

e DoP

0O O 0O ~ 0 O O

e PDM
o Slave and master modes in software mode
o Sample rates from PDM64 to PDM512
e S/PDIF
o Stereo 2 Channel Output
o Input Selection
o Sample rates up to 192kHz
e PDM Microphone Input
o Master mode in hardware and software mode
o Sample rates from PDM64 to PDM512
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PCM/TDM Encoder

The ES9291 integrates a 2 channel 1 line PCM/TDM Encoder whose output has a maximum word width of 32-bits (default)
and a maximum bit depth of 32-bit (default). The encoder allows for I?S, LJ, and TDM output streams.

The PCM/TDM Encoder can support up to 32 different slots and each channel for the ADC can be mapped to any of the 32
slots.

Note: The PCM/TDM Encoder and PCM/TDM Decoder share the same formatting registers settings.

PCM/TDM Encoder Formatting Registers
e Register 2[0] ENABLE_TDM_ENCODE = 1'b1
e Register 9[6] AUTO_CH_DETECT
e Register 9[4:0] TDM_CH_NUM
e Register 10[6] NOISE_FLOOR_SHAPE_16BIT
e Register 10[5:4] TDM_WORD_WIDTH
e Register 10[3:2] TDM_BIT_DEPTH
e Register 10[1] TDM_VALID_EDGE
e Register 10[0] TDM_LJ

PCM/TDM Encoder Mapping Registers
e Register 11[4:0] TDM_ENC_SLOT_SEL_CH1
e Register 12[4:0] TDM_ENC_SLOT_SEL_CH2

PCM/TDM Encoder Daisy Chain Reqisters
e Register 15[7] TDM_ENC_DAISY_CHAIN
e Register 15[4:0] TDM_ENC_DATA_LATCH_ADJ
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PCM/TDM Decoder

The ES9291 integrates a 2 channel 1 line PCM/TDM Decoder whose input has a maximum word width of 32-bits (default)
and a maximum bit depth of 32-bit (default). The decoder allows for I?S, LJ, and TDM input streams.

The PCM/TDM Decoder can support up to 32 different slots and each channel for the DAC can be mapped to any of the 32
slots.

Note: The PCM/TDM Encoder and PCM/TDM Decoder share the same formatting registers settings.

PCM/TDM Decoder Formatting Registers
e Register 2[4] ENABLE_TDM_DECODE = 1'b1
o Register 3[2:1] INPUT_DATA_FORMAT_SEL = 2'b00
e Register 9[6] AUTO_CH_DETECT
e Register 9[4:0] TDM_CH_NUM
e Register 10[6] NOISE_FLOOR_SHAPE_16BIT
e Register 10[5:4] TDM_WORD_WIDTH
e Register 10[3:2] TDM_BIT_DEPTH
e Register 10[1] TDM_VALID_EDGE
e Register 10[0] TDM_LJ

PCM/TDM Decoder Mapping Registers
e Register 13[4:0] TDM_DEC_SLOT_SEL_CH1
e Register 14[4:0] TDM_DEC_SLOT_SEL_CH2

PCM/TDM Decoder Daisy Chain Reqisters
e Register 16[7] TDM_DEC_DAISY_CHAIN
e Register 16[4:0] TDM_DEC_DATA_LATCH_ADJ
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PCM (IS, LJ) Format

PCM includes IS and LJ with 2 channels/slots per data line. The ADC outputs can be mapped to any slot/channel of the
PCM encoder output data (DATA2) using TDM_ENC_SLOT_SEL_CHx. The PCM decoder routes any slot/channel of the
PCM input data (DATA4) to the DACs using TDM_DEC_SLOT_SEL_CHx.

Pin Name Function Direction | Description

DATA_CLK PCM BCLK [1/0] PCM Clock (Bit Clock), Master or Slave

DATA1 PCM WS (/0] ggvews (Word Select/Frame Select), Master or
DATA2 PCM ENC DATA1 O] PCM Data Output from ADC (Encoder)

DATA4 PCM DEC DATA1 (1] PCM Data Input for DAC (Decoder)

Table 12 - PCM Pin Connections

Note: The PCM Decoder supports Right Justified (RJ) format in software mode for a single device.

29

WS LEFT | RIGHT |
BCLK LFLFLﬂfLF EdEIEIEYEYE Ragl AL JEYEJEJE Ragu CYEJEJE JE JK R LFLﬂfLFLF
32-Bit [31]30|29| -------------------- [2]1]0 |31[30]29| -------------------- [2]1]0 ]31|30|

MsB LS8 Ms8 L58,MS8
24-Bit 12322]21] ------ oo e e [2[1]0[232221 ------------"-n---- [2]1]0]23]22]

I‘MSB LSE:MSE LSB:MSB
16-Bit B RN B [2]1T015[14]

:MSB LSE’I:MSEI LSB:MSB

WS LEFT | RIGHT L
BCLK LFLFLHILFLF gEEIEIEYEYE Ranl CAEJEYEJEJE Radu CYEJEJEJE JE Rby Lﬂﬂﬂf
32-Bit [U]31|30|29| -------------------- |2|1|0[31]30|29| -------------------- |2|1]0|31|

| MSE \LSBMSB LSE [IEE]
24-Bit | 0 IES%I22I21I -------------------- 1211 IO |23|22I21I -------------------- [2]1 I QEI23|
16-Bit |0 [15114[13] -------------------- [2]1 IO 151413 -----------m - [2]1 IDI15|
: MSE ISB MSB

ILSB MSB
1

Figure 8 - LJ (top) & IS (bottom) for 32, 24, and 16-bit Word Widths
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TDM Format

The ES9291 supports TDM format, allowing more than 2 channels/slots to be transmitted and received on a data line, up to
a maximum of 32 channels. Supported formats are TDM4 (4ch), TDM8 (8ch), TDM16 (16¢ch) and TDM32 (32ch). The ADC
outputs can be mapped to any slot of the TDM output data (DATA2) using TDM_ENC_SLOT_SEL_CHx. The DACs can
choose any slot/channel of the TDM input data (DATA4) using TDM_DEC_SLOT_SEL_CHx.

Data is latched on the positive edge of BCLK.

Pin Name Function Direction | Description

DATA_CLK TDM BCLK [1/0] TDM Clock, Master or Slave
DATA1 TDM WS [/0] TDM WS, Master or Slave
DATA2 TDM ENC DATAT1 [O] TDM Encoder DATA1 (default)
GPIO1/DATA3 TDM ENC DAISY [1] TDM Encoder Daisy Chain Pin
DATA4 TDM DEC DATAT1 [1] TDM Decoder DATA1 (default)
GPIO2/DATA5 TDM DEC DAISY [O] TDM Decoder Daisy Chain Pin

Table 13 - TDM Pin Connections

! .
ws | L L | [
| POLSE SUBFRAME | |

BOLK | F1FLFLFL ssocmsfe—— stk o s ——sfe—— i
I \ I
1

DATA jl SLOT | sLoT2 i 5LOT3 | 5L0T4 [
I ' I

Figure 9 - TDM4 Mode

I
ws L L | l
T Phse SUseRave : -
BCLK &4 sk —je— szsoux —v|a— 8ok —»le— 32800 —wja— 32600k —b|a— 22801k —pla— 32800 —pa— 3201 —»! &
I I I
DATA j slor1 | stz | siors | siore | slors [ sore | sor7 [ sioTe I

Figure 10 - TDM8 Mode

I PULSE SUBFRAME

BCLK 4||_+_ A2BOLK —|— 32B0LK — v | 32BOLK —b|— 32BCLK —|a— 32B0LK — | »le—aacic—»! &
I ]

DATA | swort | swore |m“;LOT3.F | sLaTa i stors | siotn | SLGT111S| SLOT 16 |

Figure 11 - TDM16 Mode

""" I PULSE SUBFRAME [

BCLK ¢I|_+_ A2BOLK —|db— 32BCLK — v b 328C1LK —|»||<— I2BOLK — | 328CLK — ] e mmoik —! &
I ]
|

DATA | sorr [ stz | sorais | stors i sot7 | stotis | sloTiem | siota i

Figure 12 - TDM32 Mode
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DSD Decoder

The ES9291 features a DSD Decoder input to the DAC Datapath with a single clock line and dual data lines. Each DSD
source can be remapped to any DAC channel by using the remapping registers.

Note: When decoding DSD, the DAC must be muted prior to any instance where a DC signal is present on the
DATA pins (e.g., stopping the data to switch to TDM/PCM format). This can be done with Register 90[1:0]
DAC_MUTE_CHx.

DSD Decoder Registers
e Register 2[6] ENABLE_DSD_DECODE = 1'b1
e Register 3[2:1] INPUT_DATA_FORMAT_SEL =2'b10

DSD Channel Remapping Registers
e Register 17[4] DSD_LINE_SEL_CH1
e Register 17[5] DSD_LINE_SEL_CH2

DSD Format

DSD Pin Connections:
Pin Name Function Description
DATA_CLK DSD CLK DSD Clock
DATA4 DSD CH1 DSD DATA Channel 1
DATAS DSD CH2 DSD DATA Channel 2

Table 14 - DSD Pin Connections

Figure 13 - DSD Format, 1-bit stream
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DoP Decoder

The ES9291 integrates a DoP (DSD over PCM) Decoder that converts the DSD over PCM data into DSD internally following
the rest of the internal DSD data path including the Automute, and DSD FIR and Volume blocks. The channels can be
remapped by using the PCM/TDM Decoders Mapping Registers.

DoP Decoder Registers
e Register 2[5] ENABLE_DOP_DECODE
e Register 2[4] ENABLE_TDM_DECODE
e Register 10[5:4] TDM_WORD_WIDTH
e Register 10[3:2] TDM_BIT_DEPTH
e Register 10[0] TDM_LJ

PCM/TDM Decoder Mapping Registers
e Register 13[4:0] TDM_DEC_SLOT_SEL_CH1
e Register 14[4:0] TDM_DEC_SLOT_SEL_CH2

The PCM/TDM Decoder must be enabled and set up for a 24- or 32-bit word width and bit depth when using the DoP
Decoder. I°S and LJ are supported for the PCM format. When using a 32-bit word width the 8 LSBs are dropped when
decoding.

DoP Format

DoP Encodes 16 bits of DSD data into a 24-bit PCM frame, with the 8 most significant bits containing the DSD marker. The
marker alternates between 0x05 and OxFA every sample. The DSD data is inserted into the frame such that the oldest bit is
in the to position.

Pin Name Function Description
DATA_CLK DoP BCLK DoP Clock (Bit Clock), Master or Slave
DATA1 DoP WS DoP WS (Word Select/Frame Select), Master or Slave
DATA4 DoP DATA1 DoP Data Channel 1 & 2 (default)
Table 15 - DoP Pin Connections
: < 24-Bit PCM Frame > : < 24-Bit PCM Frame > :
:MSB LSB : MSB |MSB
DoPIn [x[x]o[ofo]o]o[1]0]1]|te] ---- - [tio|tis|tialtis O [ O]O[O[O] 1[0 1]t - |t12|t13|t14t15|1|1|1|
I\_ A _jL I, N __/ Sta}ofnext
YT YT YT YT DSD Marker
DSD Marker (0x05) 16 Bits of DSD CH1 Data DSD Marker (0x05) 16 Bits of DSD CH2 Data (OxFA)

Figure 14 - DoP Format
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PDM Microphone Decoder (Microphone Input to ADC)

The ES9291’s ADC path can receive input audio from a PDM Microphone using the integrated Master PDM Microphone
Decoder. To use the PDM signal as a replacement for the analog input in software mode, PDM_MIC_IN_SEL must be set.
PDM Microphone Input is also supported in hardware modes, see GPIO Functions in Hardware Mode for more information.

Note: PDM_CLK_DIV will follow AUTO_FS_DETECT if enabled and should be set to 7°d3 (default) for a
22.5792MHz/24.576MHz MCLK and 7°d7 for a 45.1584MHz/49.152MHz MCLK to ensure the PDM clock output is
3.072MHz (typical PDM Microphone frequency).

Note: PDM_CLK_DIV must not be set to 0 if running a 45.1584/49.152MHz MCLK.

PDM Microphone Decoder Registers
e Register 3[6] ENABLE_PDM_MIC_DECODE = 1'b1
e Register 19[2] PDM_MIC_SAMPLE_EDGE
e Register 19[1] PDM_MIC_DATA_PHASE
e Register 19[0] PDM_MIC_IN_SEL
e Register 20[6:0] MCLK_PDM_MIC_DIV

PDM Decoder (DAC Input)

The ES9291’s DAC path can also receive input audio from a PDM source using the PDM Decoder. The Decoders input can
be remapped by using the DSD Channel Mapping registers.

Note: If a one sample phase shift is present between channels, invert PDM_DEC_SAMPLE_EDGE to resolve the shift.

PDM Decoder Registers
e Register 2[7] ENABLE_PDM_DECODE = 1’b1
e Register 3[2:1] INPUT_DATA_FORMAT_SEL = 2'b11
e Register 18[2] PDM_DEC_SAMPLE_EDGE
e Register 18[1] PDM_DEC_DATA_PHASE
e Register 18[0] PDM_DEC_2X_GAIN_EN
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PDM Format

In PDM mode, there is a single PDM clock line and multiple PDM data lines containing two channels of data each. The
channels can be swapped by setting the respective DATA_PHASE register.

Pin Name Function Description
DATA_CLK PDM DEC CLK PDM Clock
DATA4 PDM DEC DATA 1 PDM Encoder DATA Channels 1 & 2
Table 16 - Slave PDM Decoder Pin Connections
Pin Name Function Description
GPIO4 PDM MIC CLK PDM Microphone Clock
GPIO3 PDM MIC DATA 1 PDM Microphone Input DATA Channels 1 & 2

Table 17 - PDM Decoder (Microphone Input) Pin Connections

PDM_CLK ¥ £ Y £ F Y F1 4
PDM_DATA1 E [crtfcrzcri|cefcricha|cHicre]

Figure 15 - PDM 2 Channel Format

S/PDIF Encoder

The ES9291 features a stereo auxiliary S/PDIF Encoder that can output the pair of channels sourced from two paths
selected with SPDIF_DATA_SOURCE. The input to the encoder can be taken from the output of the ADC Gain block or
from the output of the DACs PCM/TDM Decoder allowing for a fully digital bit-perfect PCM/TDM to S/PDIF conversion. This
allows the ES9291 to have an Analog to S/PDIF or a Bit-Perfect Digital to S/PDIF path which can be output of any GPIO
pin, see GPIO Configuration for more information.

The S/PDIF Encoder is auxiliary from the PCM/TDM Encoder, with the ability to be enabled with ENABLE_SPDIF_ENCODE
while the PCM/TDM Encoder is running.

The S/PDIF Encoder includes the ability to customize the 40-bits (5 bytes) of channel status bits one byte at a time by
setting SPDIF_CS_BYTE_ADDR and SPDIF_CS_BYTE_DATA then toggling SPDIF_CS_WE to latch the single byte in the
status bits.

S/PDIF Encoder Reqgisters
e Register 3[7] ENABLE_SPDIF_ENCODE = 1'b1
e Register 21[0] SPDIF_DATA_SOURCE
e Register 22[7] SPDIF_CS_WE
e Register 22[2:0] SPDIF_CS_BYTE_ADDR
e Register 23 SPDIF_CS_BYTE_DATA
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SPI Master Interface

The ES9291 features an SPI master interface. The interface is primarily for programming an ASP2 program quickly from a
SPI Flash device at high-speed clock rates (up to MCLK/2). The ES9291 can use the SPI Master Interface as a generic I°C
to SPI Transcoder. This allows the SPI Master to interface with a wide array of devices like flash memories, shift registers,
and other SPI slave programmable ESS devices. The SPI master interface makes use of the GPIOs in the following table.

GPIO # SPI Master Function
GPIO7 Master Chip Select Bar (M_CSB)
GPIO6 Master MISO (M_MISO)
GPIO5 Master MOSI (M_MOSI)
GPIO4 Master SCLK (M_SCLK)

Table 18 - SPI Master Interface GPIO Connections
There are three registers related to using the SPI master interface and one bit to ensure it is disconnected from the ASP2:

e Register 131 [3] ASP_PROG_SOURCE_SEL should be set low to disconnect the SPI master interface from the
ASP2 programming interface.
e Register 173 SPI MASTER CONFIG is used to start and end SPI transmissions and set the SPI master clock.
o [7:4] SPI_M_PULSE_WIDTH - sets the SPI clock frequency
o [3] SPI_M_EN - Enables the SPI Master interface
o [2] SPI_M_MODE - Switches the SPI master between Mode 0 (default) and Mode 3
o [1]1SPI_M_SEND_BYTE - Used to manually send/receive SPI bytes.
o [0] SPI_M_START - Starts and SPI transaction, pulls SSM (GPIO8) low
e Register 174 SPI MASTER DATA OUT contains the data byte to be sent from the SPI master interface.
e Register 245-244 [15] SPI_M_ASP_PROG_BUSY - Status of the automated ASP2 Programming
e Register 252 SPI MASTER DATA IN contains the data byte received by the SPI master interface.

When the chip is powered on or reset the chip select output (GPIO7) will be set low by default. When Register 173 [3]
SPI_M_EN is set high, enabling the SPI master interface, the chip select will output high.

As the SPI master interface is designed to communicate with an SPI Flash device, it is very efficient at reading or writing
long blocks of data. However, to simultaneously read and write data for a generic application requires a specific sequence
of register commands.
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SPI Write

Writing data on the SPI bus requires 2+n write-register commands where n is the number of bytes to be sent in one SPI
transaction. To efficiently write data to an SPI flash Register 173 [1] SPI_M_SEND_BYTE must remain low for automatic
SPI data output. Each time Register 174 SPI_M_DATA_OUT is written during an SPI transaction the data will automatically
be sent out of the SPI master interface at the end of the write-register command.

A single byte SPI transmission would be sequenced as follows:

1. Setup Register 173 SPI MASTER CONFIG
o [7:4] SPI_M_PULSE_WIDTH sets the SPI clock speed
o [3] SPI_M_EN = 1’b1 enables the SPI master
o [2] SPI_M_MODE selects between SPI modes 0 and 3
o [1] SPI_M_SEND_BYTE = 1'b0 for automatic operation
o [0] SPI_M_START prepares the SPI master interface to initiate an SPI transmission.
2. Write a byte of data to Register 174. This will automatically start the SP!I transaction.
o After receiving the write-register command the chip select output (GP107) is set low after 2 MCLK cycles.
o The SPI clock will begin half an SPI clock cycle plus one MCLK cycle after the chip select is set low.
o The SPI master interface will output the 8 bits of data and afterwards the SPI clock will remain idle, and the chip
select low.
3. Resetting Register 173 [0] SPI_M_START low will end the SPI transaction by setting the chip select high.

To write multiple bytes of data in one SPI transaction repeat step 2 for each byte. As an example, the following sequence
will write a 16-bit value to a specified address in the SPI Flash to be used as a version identifier for an ASP program.

void I2C_WriteFlash(uint32_t addr, uintl6_t data)

{
I2C_WriteReg(173, ox19); // Start SPI
I2C_WriteReg(174, 0x06); // Write Enable Command
I2C_WriteReg(173, 0x18); // End SPI

I2C_WriteReg(173, ©x19); // Start SPI
I2C_WriteReg(174, 0x02); // Page Program Command

I2C_WriteReg(174, addr >> 16); // 24-bit Address
I2C_WriteReg(174, addr >> 8);
I2C_WriteReg(174, addr);

I2C_WriteReg(174, data >> 8); // 16-bit Data
I2C_WriteReg(174, data);

I2C_WriteReg(173, ©x18); // End SPI
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SPI Read

The data byte received on the SPI master interface is stored in Register 252 SPI_MASTER_DATA_IN. The last byte of data
stored can be read back at any time with a read-register command. Sequential SPI reads can be efficiently performed by
automatically triggering after each read-register command while the Register 173 [1] SPI_M_SEND_BYTE bit remains low.
In this configuration when Register 252 is readback the data currently in it will be transmitted on the I°C or SPI slave
interfaces and immediately after the read-register command finishes the SPI master interface will automatically trigger
another sequence of 8 bits to load in the next byte of data. During a read-register command whatever data is already stored
in Register 174 SPI_MASTER_DATA_OUT will be output again for each read-register command on Register 252.

The following example sequence reads a 16-bit value from a specified address in an SPI Flash.

uintl6_t I2C_ReadFlash(uint32_t addr)

{
I2C_WriteReg(173, ©x19); // Start SPI
I2C_WriteReg(174, 0x03); // Read Data Command

I2C_WriteReg(174, addr >> 16); // 24-bit Address
I2C_WriteReg(174, addr >> 8);
I2C_WriteReg(174, addr);

I2C_WriteReg(174, 0x00); // Dummy data to load in first byte from SPI Flash

uint8_t x1 = I2C_ReadReg(252); // Reads first byte from ES98x3QPRO and then loads second byte form SPI Flash
I2C_WriteReg(173, 0x18); // End SPI

uint8_t x2 = I2C_ReadReg(252); // Reads second byte from ES9841

return (x1 << 8 | x2); // Return 16-bit data
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SPI Simultaneous Read and Write

In the default automatic mode, it is not possible to write new data while the data is being read back on the I1°C or SPI slave
interfaces. This is not an issue with the SPI flash chips which the SPI master interface is intended to be used with. However,
there is way to sequence the commands to be able to both read and write data at the same time without the automatic
sequencing:

1.
2.

3.

4.

5.

6.
1.

While the SPI master is not currently active, load the first byte of data into Register 174

Enable the SPI output with Register 173 and set bit [1] high to begin the SPI transaction and output the first byte of
data

While Register 173 [1] remains high, the first data byte received can be readback (Register 252) without
automatically triggering another byte sequence

The second byte of data to be transmitted can then be loaded into Register 174, again without automatically
triggering a byte sequence.

Then Register 173 [1] must be set low and back high again to trigger the next SPI sequence. The sequence will
immediately follow the write-register command setting that bit high.

Afterwards the data received can be readback from Register 252 and the next byte loaded into Register 174 again.
To end the SPI transaction set Register 173 [0] low and the chip select will immediately be set high.

As long as Register 173 [1] is high, data can be written and read from the SPI master interface without automatically
triggering the SPI master output. Any time the bit is set high the SPI master interface will output the data currently in
Register 174 and replace the data in readback Register 252. This process to manually read and write takes four
read/write register commands for each byte of data to be transmitted on the SPI master interface.

I2C_WriteReg(174, 0x03); // Load first data byte
I2C_WriteReg(173, ©ox1B); // Start SPI
I2C_ReadReg(252); // Read first data byte

I2C_WriteReg(174, 0x12); // Load second data byte
I2C_WriteReg(173, 0x19); // Toggle Send Byte bit
I2C_WriteReg(173, ©x1B);

I2C_ReadReg(252); // Read second data byte

I2C_WriteReg(173, ©x18); // End SPI
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SPI Serial Flash Control & Shift Register Control

The ES9291s SPI Master Interface can interact with a multitude of SPI Devices such as Serial Flash Controls and Shift
Registers.

SPI Serial Flash can be used to store the programmable instructions and coefficients for the ASP2. The programming will
change depending on the specific architecture of the SPI flash and the MCU used to send the instructions. For an
application note on the ASP2, please ask your FAE or Distributor for availability.

The SPI Master Interface can also be used to interact with shift registers, effectively adding a serial to parallel converter to
the ES9291.

For more information on the SPI Master Interface and its applications please ask your FAE or Distributor for the Application
Note.

FS9291 SPI Flash ES9291 Shift Register
GPIO7/M_CSB CSb GPIO4/M_SCLK SRCLK QA
GPIO5/M_MOSI DI GPIO5/M_MOSI SER QB
GPI04/M_SCLK CLK GPIO7/M_CSB RCLK  QC
GPIO6/M_MISO DO GPIO&/M_MISO QD
QE
Figure 16 - Example SPI Flash Schematic QF
QG
QH

Figure 17 - Example SPI Shift Register Schematic
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ASP2 (Audio Signal Processor)

The ES9291 SMART CODEC incorporates 2 of the 2nd generation ESS Audio Signal Processors (ASP2) that allow
customers to integrate their preferred audio algorithms by using ESS’ proprietary SABRE Intelligence Studio (S| Studio)
graphical software tool. The ADC and DAC ASP2s can be programmed with different instruction sets and coefficients,
allowing for independent operation of each path.

The ES9291’s ASP2 is a very versatile Audio Signal Processor that can allow up to 512 instructions per sample depending
on sample rate. It has a 32-bit internal data path with real-time operation. The ASP2 can be programmed using the slave
1°C, slave SPI interfaces or with the SPI master interface with an optional external SPI Flash memory for very fast program
loading and for storing multiple configuration programs.

512 Instructions from PRAM shared with ASP core + CRAM + DRAM per channel
(PRAM = Programming RAM, CRAM = Coefficient RAM, DRAM = Data RAM)

- RAM shared with channels
8 ADC PROGRAM RAM (PRAM) 512 |
o
o3 ADC ASP Channel 2 Coefficient RAM (128] |
az ADC PRAM 256
<9 |/ ADCASP _|M¢11_Coew!%
- — CORE Channel 1 Data RAM (128
Q
> ADC PRAM 256 Channel 1
2 Other
Digital
w RAM shared with channels
)
8 DAC PROGRAM RAM (PRAM) 512 |
o= DAC ASP Channel 2 Coefficient RAM [128] |
g g DAC PRAM 256 DAC ASP Channel 1 Coefficient RAM (128]
= | core
> DAC PRAM 256 Channel 1
2
A
________________ .
E):ternal : Internal ES9291 ASP2 can be programmed using 12C/SPI slave or the SPI
12C/SPI : master using an external SPI flash memory
Master _L—I_)_| 12C/SPI Slave Interface ES9291 has a SPI master for loading the ASP2 settings
Interface '
|

|
SPIAZE —LT_)—' SP| Master I—
Memory

Figure 18 - ASP2 Overview

The ASP2 can be programmed to represent (among others):
e High-efficiency IIR/Biquad filters
Mixers
Parametric Equalizers (PEQ), including 25 band PEQs
Multi-band Dynamic Range Compression (DRC) operations
Automatic Gain Limiters (AGL)
Specialty filters including Crossovers & RIAA Equalization pre-emphasis filters
Stereo Widening
Audio Expansion and Compression

The integration of the ASP2 into the datapath alleviates processing requirements on the system processor and helps
simplify system design.

The ES9291’s ASP2 can be programmed using ESS’ proprietary SABRE Intelligence Studio (SI Studio) graphical software
tool. For more information on the ASP2 or S Studio tool, please contact your local ESS FAE or distributor for availability.
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Advanced Mixing

In addition, the ES9291 allows for inter-path mixing by using the ASP2’s Input3. Each path (ADC and DAC) can mix their
audio into the other path’s ASP2 by using the Pre or Post ASP2 mix point as an input. This allows for advanced mixing
between the ADC and DAC paths.

In addition to cross path mixing, Input3 can input status flags from GPIOs by setting ASP_(ADC/DAC)_IN3_SEL_CHx =
1’b1. The respective GPIO must be free to use, ie not currently in use by any encoder, decoder, or transcoder.

ADC Path Pre-ADC ASP2  Post-ADC ASP2 DAC Path Pre-DAC ASP2 Post-DAC ASP2
Bypass Bypass
Analog | ASP2 l PCM | ASP2 l
Audio PCM Audio Analog
Input ADC > Inputt Audio - > Inputt » DAC > Audio
(2CH) L Output (2CH) Output
Input2 —» Input2
Pre-DAC ASP2 Pre-ADC ASP2 —p
Input3 L J-> Input3
Post-DAC ASP2 Post-ADC ASP2 —» (
Register 136[6] ig%sﬁgé\o’?& K
ASP_ADC_IN3_MIX_SEL Register 135[1:0] — ¥ Register 135[5:4]
ASP_ADC._IN3_SEL_CHx MIX_SEL | AsP_DAC_IN3_SEL_CHx
X
GPIOx Input Flags GPIOx Input Flags

Figure 19 - ES9291 ASP2 Advanced Mixing

Advanced Mixing Registers
e Register 135[5:4] ASP_DAC_IN3_SEL_CHx
e Register 135[1:0] ASP_ADC_IN3_SEL_CHx
e Register 136[7] ASP_DAC_IN3_MIX_SEL
e Register 136[6] ASP_ADC_IN3_MIX_SEL
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" Audio to DAC
Peak Monitor Path ES PDIF | sipDiF
i ncoder —» ot
Analog Audio Input Detector Bypass (shared)
A
8x FIR ;
LADCTHD Michias & : ASP2 C VI —
Comp ADC 4x FR % FR > putt op ADC | | ADC ™ - o
DC T ‘ﬂ’ T Volume Gain ut
Blocking Encoder
. > Input2
PDM Mic

Bypass Bypass
Input Input3
) Pre DAC ASP2
PDM Microphone Input
Post DAC ASP2

Figure 20 - ADC Digital Signal Path
Mic Bias

The ES9291 integrates a Microphone Bias for using Analog microphones as one of the ADC’s analog inputs. The bias’
voltage can be set using the following registers:

Mic Bias Registers
e Register 82[6] MB_VR_BYPB
e Register 82[3] MB_EN
e Register 82[2:0] MB_VR_SET
DC Blocking

The integrated DC Blocking filter exhibits a high cutoff frequency (-3dB @ 0.25Hz).

DC Blocking Reqgisters
e Register 66[5, 4] DC_BLOCK_EN_CHx

ADCIIR
The IIR filter can be bypassed using Register 64[2:0] ADC_BYPASS_IIR

ADC 8x FIR

Selection of the 8x Interpolation filter is chosen from 8 pre-programmed filter shapes. For more information on filters see
ADC: PCM Filter Latency.

ADC 8x FIR Reqisters
e Register 64[7:5] ADC_FILTER_SHAPE
e Register 64[4] ADC_BYPASS_FIR2X
e Register 64[3] ADC_BYPASS_FIR4X
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Peak Detector

Peak Detector Enable Reqisters
e Register 75[0,1] PEAK_DETECT_EN_CHx

Peak Flag GPIO Registers
e Register 58[0] ADC_DET_FLAG_SEL = 1'b0
e Register 58[1] ADC_LIVE_FLAG_EN
e Register 58[2] GPIO_AND_PEAK_DET
e Register 58[4] GPIO_OR_PEAK_DET
e Register 58[6] ADC_FLAG_CH_SEL

Peak Flag Latching and Readback Registers
e Register 76[6] LOCK_PEAK_VALUE
e Register 237 [2, 3] PEAK_FLAG_LAT_CHx
e Register 237[0, 1] PEAK_FLAG_CHx
e Register 238-241 PEAK_LEVEL_CHx

Peak Flag Decay Rate and Threshold Registers
e Register 76[4:0] PEAK_DECAY_RATE
e Register 77-78 PEAK_THRESH_CHx

—MCLK 24M *t
N(t) = Noexp( 2decay_rate+9 >

20 * MCLK _24M * t

N(t) = No - In(10) * 2decay_rate+9 [dB]

dN N x MCLK 24M
dt - 2decay _rate+9 [1/s]

PFEAK THRESH_CH.
threshold [dB] = 20 - loglO(( X))

2% -1
Ny: Initial Level
N(t): Level
decay_rate = Reg 76[4:0]PEAK_DECAY_RATE
MCLK_24M = 22.5792/24.576 MHz
(Reg 5[4] MCLK_24M_DIV2 must be set if using a 45.1584/49.152MHz MCLK)
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ADC Volume

The ADC Volume Control is intended for use during audio playback. Each channel can be digitally attenuated from +1dB to
-126dB in 0.5dB steps. When a new volume level is set, the attenuation circuit will ramp softly to the new level at a rate
specified in the VOLUME UP RAMP RATE and VOLUME DOWN RAMP RATE registers.

ADC Volume Registers
e Register 67 ADC_VOLUME_CH1
e Register 68 ADC_VOLUME_CH2
e Register 24 VOLUME_UP_RAMP_RATE
e Register 25 VOLUME_DOWN_RAMP_RATE

ADC Gain

The ES9291 has an additional digital gain that can be added through registers. Settings for +0dB to +42dB in +6dB steps
are available.

ADC Gain Reqgisters
e Register 69[6:4] ADC_DIGITAL_GAIN_CH2
e Register 69[2:0] ADC_DIGITAL_GAIN_CH1
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DAC Digital Signal Path

Monitor Monitor Audio from ADC Digital
spoF | SFDIF Gan |*] Voume € Signal Path
out Encoder (4 Bypass
(shared) 5P 8x FIR
PCM/TDM/DoP | PCM/

N DM o nput Vm,?]e N (D;,;\IC; % FR 4% FR DA(\:CTHD Hy;T\e/rsAtreﬁm® _>To Data_

Decoder omp ren. Conversion
—> Input2

Bypass

Bypass Bypass

Soft Ramp
& DC Offset

Pre ADC ASP2
* M Input3
Post ADC ASP2
DoP Decoder DSD FIR

PDM IN PDM & Volume
Decoder DSD CH
DSD IN > Mapping

Figure 21 - DAC Digital Signal Path

DAC Volume

The DAC Volume Control is intended for use during audio playback. Each channel can be digitally attenuated from -126dB
to +1dB in +0.5dB steps. When a new volume level is set, the attenuation circuit will ramp softly to the new level at a rate
specified with the below equation using the respective VOL_RAMP_RATE_UP/DOWN register. The Vol Step Rate is a
linear step size from the current volume to a target volume represented as a fraction of full-scale per second.
VOL_RAMP_RATE_UP/DOWN - FS

212

Vol Step Rate [inc/s] =

DAC Volume Registers
e Register 84[7:0] DAC_VOLUME_CH1
e Register 85[7:0] DAC_VOLUME_CH2
e Register 24[7:0] VOL_RAMP_RATE_UP
e Register 25[7:0] VOL_RAMP_RATE_DOWN
e Register 90[0] DAC_MUTE_CH1
e Register 90[1] DAC_MUTE_CH2

Soft Ramp & DC Offset

The ES9291 saves power by ramping the DAC Output to ground during a mute condition. This is enabled by default and
can be configured with MUTE_RAMP_TO_GROUND and SOFT_RAMP_TIME. The Automute and Soft Ramp status flags
can be output through a GPIO pin, see GPIO Configuration for more information.

A DC offset can be added to each datapath signal in 100uV increments using a signed 8-bit register per channel.
Note: The Soft Ramp Time has a maximum value of 4'd12.

Soft Ramp & DC Offset Registers
e Register 91[5] MUTE_RAMP_TO_GROUND
e Register 91[4:0] SOFT_RAMP_TIME
e Register 92-93 DC_OFFSET

16 | ZSOFTfRAMPfTIME

Soft Ramp Time [s] = VCLK 2 VO D
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Automute

In HW Mode, Automute is controlled by the state of the HW4 pin (Pin 26), the pin must be in the “Pull 1" or “1” state to
enable Automute. The Automute threshold and times in HW mode follow the default SW mode values.

In SW mode, Automute is enabled by default and can be disabled on each channel individually through Register 94[1:0]
AUTOMUTE_EN_CHx.

When Automute engages, the Volume Control block will lower the volume until it's muted according to
VOL_RAMP_RATE_DOWN. When Automute disengages, it will raise the volume back to normal according to
VOL_RAMP_RATE_UP. During an abnormal mute condition (an invalid BCK/WS ratio), it will lower the volume at its
maximum rate. For more information on these registers, see the DAC Volume section.

The thresholds that engage and disengage Automute can be configured through the AUTOMUTE_LEVEL and
AUTOMUTE_OFF_LEVEL registers. Automute will engage or disengage when any one of the following conditions are met.

Mode Detection Condition

PCM Data is lower than AUTOMUTE_LEVEL for longer
than the Automute Time.

DSD data contains a DSD mute pattern (equal
number of 1’s and 0’s in 8 consecutive bits of data),
DoP/DSD | for longer than Automute Time.

DSD data contains all 1's or 0’s in 8 consecutive bits
of data, for longer than Automute Time.

. 218
Timels] = O MUTE TIME = FS
20 % l0g:o(AUTOMUTE_LEVEL
Level[dB] = 9o = )

(216 — 1) * 27
Note: Automute will not engage if the Direct Monitor is running.

DAC PCM Automute Reqisters
e Register 94[1:0] AUTOMUTE_EN_CHx
e Register 95-96[10:0] AUTOMUTE_TIME
e Register 97-98 AUTOMUTE_LEVEL
e Register 99-100 AUTOMUTE_OFF_LEVEL

DAC DSD Automute Registers
e Register 95-96[14] DSD_DC_AM_EN - Enables the DSD automute conditions for 8 consecutive bits of 1’b1 or 1’b0
e Register 95-96[13] DSD_MUTE_AM_EN - Enables the DSD automute condition for the DSD mute pattern

See Figure 22 and Figure 23 for example diagrams of Automute Engaging and Disengaging, with and without Mute Ramp to
Ground enabled.
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AUTO_MUTE_LEVEL [dB]

DIGITAL INPUT LEVEL s

e
Automute Time [s]

\ DC_OFFSET

ANALOG OUT

MUTE_RAMP_TO_GROUND = 1'b0

A

-
. Vol Ramp Down
e

DC_OFFSET
* GROUND

ANALOG OUT L

MUTE_RAMP_TO_GROUND = 1'b1

Softramp Time [s]

Figure 22 - Automute Engaging

AUTO_MUTE_OFF_LEVEL [dB]

DIGITAL INPUT LEVEL

=
~ :
Automute Time [s] :

y DC_OFFSET

ANALOG OUT

MUTE_RAMP_TO_GROUND = 1'b0

EVoIRam\pU_p
DC_OFFSET: >
ANALOG OUT | *3™ ¥ 1

MUTE_RAMP_TO_GROUND = 1'b1

Softramp Time [s]

Figure 23 - Automute Disengaging
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DAC Gain

The ES9291 has an additional digital gain that can be added through registers. Settings for +0dB to +42dB in 6dB steps are
available.

DAC Gain Reqgisters
e Register 83[6:4] DAC_DIGITAL_GAIN_CH2
e Register 88[2:0] DAC_DIGITAL_GAIN_CH1

DAC 8x FIR

Selection of the 8x interpolation filter is chosen from 8 pre-programmed filters. The 2x and 4x filter can be bypassed
individually or together. For more information on filters see the Pre-Programmed Digital Filters section.

DAC FIR Registers
e Register 83[2:0] DAC_FILTER_SHAPE
e Register 83[3] BYPASS_FIR2X
e Register 83[4] BYPASS_FIR4X

DACIIR
The IIR filter can be bypassed using Register 83[5] BYPASS_IIR

Direct Monitor Volume

Signals from the ADC digital path can be passed into the DAC digital path using the Direct Monitor, either individually to
their respective channels or in a mono configuration where both ADC channels will be passed to the DAC channel. The
audio will be taken from either the Pre or Post ASP path indicated in the ADC Digital Signal Path, configured with
DIR_MON_ADC_SEL.

The Direct Monitor Volume Control is intended for use during audio playback. Each channel can be digitally attenuated from
+1dB to -126dB in 0.5dB steps. When a new volume level is set, the attenuation circuit will ramp softly to the new level at a
rate specified in the VOLUME UP RAMP RATE and VOLUME DOWN RAMP RATE registers.

Monitor Volume Registers
e Register 86 DIRECT MONITOR VOLUME CH1
e Register 87 DIRECT MONITOR VOLUME CH2
e Register 89[5:4] DIR_MON_MONO_CHx
e Register 89[3:2] DIR_MON_VOL_PHASE_INV_CHx
e Register 90[1:0] DIR_MON_MUTE_CHx
e Register 91[6] DIR_MON_ADC_SEL

Note: Using the Direct Monitor will disable Automute functionality.
Direct Monitor Gain
The Direct Monitor uses the same gain settings as the ADC Gain does.

Monitor Gain Reqisters
e Register 69[6:4] ADC_DIGITAL_GAIN_CH2
e Register 69[2:0] ADC_DIGITAL_GAIN_CH1
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GPIO Configuration
GPIO_CONFIG Function I/0 Direction
0 Analog Outputs Off Shutdown
1 Mute DAC Channels Input
2 Clock Valid Flag Output
3 PLL Locked Flag Output
4 DAC Minimum Volume Flag Output
5 DAC Automute Status Output
6 DAC Soft Ramp Done Flag Output
7 ADC Detection Flags Output
8 OR of Status Bits Output
9 S/PDIF Stream Output
10 PWM Signal Output
11 ASP Status Flags In Input
12 ASP Status Flags Out Output
13 Output 1’00 Output
14 Reserved -
15 Jack Detect Flag Output
Table 19 - GPIO Configuration
GPIOx Default states:
GPIO1-8: Analog Outputs Off

Analog Outputs Off

The GPIO is shutdown and has no functionality.

Mute DAC Channels

Mute both DAC channels and Direct Monitor.
Clock Valid Flag

Outputs HIGH if a MCLK source is detected. Outputs LOW when clock is removed or not present.

Relevant Reqisters

Register 7[0] CLK_FAULT_DET_EN must be asserted for the clock valid flag to operate.

PLL Locked Flag
Outputs HIGH if the PLL is locked.

Relevant Reqisters

49

Register 7[1] FORCE_PLL_LOCK must be 1'b0 to see the status of the PLL, else this flag will output HIGH.
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DAC Minimum Volume Flag

Outputs HIGH when the DAC is muted. This can occur from manual muting, automuting, and setting volume to OxFF.

Relevant Registers
o Register 59[0] GPIO_AND_VOL_MIN sets the output to be the logical AND of both channels’ mute flags.
e Register 59[3] GPIO_OR_VOL_MIN sets the output to be the logical OR of both channels’ mute flags.
o Register 59[6] DAC_FLAG_CH_SEL selects which of the individual DAC channel flags to output.

DAC Automute Status

Outputs HIGH when the DACs automute condition is met.

Relevant Registers
e Register 59[1] GPIO_AND_AUTOMUTE sets the output to be the logical AND of both channels’ automute flags.
e Register 59[4] GPIO_OR_AUTOMUTE sets the output to be the logical OR of both channels’ automute flags.
o Register 59[6] DAC_FLAG_CH_SEL selects which of the DAC channel flags to output.

DAC Soft Ramp Done Flag
Outputs HIGH when the DAC is neither ramping up nor down.

Relevant Registers
o Register 59[2] GPIO_AND_SS_RAMP sets the output to be the logical AND of both channels’ automute flags.
e Register 59[5] GPIO_OR_SS_RAMP sets the output to be the logical OR of both channels’ automute flags.
e Register 59[6] DAC_FLAG_CH_SEL selects which of the DAC channel flags to output.

ADC Detection Flag

Outputs the selected ADC Peak Detector and Overload flags. The live or latched version of the flags can be output, by
default this will output the latched peak detector flag.

Relevant Registers
e Register 58[0] ADC_DET_FLAG_SEL determines which flag is output from the GPIO
e Register 58[1] ADC_LIVE_FLAG_EN allows the live version of the flag to be output from the GPIO
e Register 58[2] GPIO_AND_PEAK_DET sets the GPIO output to be the logical AND of all channels ADC Peak flags
e Register 58[3] GPIO_AND_OVERLOAD sets the GPIO output to be the logical AND of all channels ADC Overload
flags
e Register 58[4] GPIO_OR_PEAK_DET sets the GPIO output to be the logical OR of all channels ADC Peak flags
o Overrides GPIO_AND_PEAK_DET
e Register 58[5] GPIO_OR_OVERLOAD sets the GPIO output to be the logical OR of all channels ADC Overload
flags
o Overrides GPIO_AND_OVERLOAD_DET
e Register 58[6] ADC_FLAG_CH_SEL will output the flag of a specific channel if all GPIO_AND_xx and
GPIO_OR_xx are 1'b0
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OR of Status Bits
Bitwise OR of all masked status bits. This includes the JDET, ADC Overload, and Peak Detect flags.

Relevant Reqisters
e Register 30 STATUS BITS MASK
e Register 31 STATUS BITS CLEAR

S/PDIF Stream
Outputs the S/PDIF stream from the S/PDIF Encoder.

PWM Signal

Outputs a configurable PWM signal. The frequency and duty cycle of the PWM signal can be calculated with the following
equations:

MCLK
PWM_FREQ + 1

PWM_COUNT
PWM_FREQ + 1

frequency [Hz] =

Duty Cycle [%] = ( > x 100

Relevant Registers
e Register 60 PWM_COUNT
e Register 61-62 PWM_FREQ

ASP Status Flags In

Connects the GPIO inputs to the ASP2 core, for use in the ASP2 program. Connects to ASP2 core Input3, with a per-core
mux controlling whether the core receives the GPIO inputs or the TDM decoder signal. The mux is controlled with Register
135[5:4, 1:0] ASP_(DAC/ADC)_IN3_SEL_CHx.

ASP Status Flags Out
Connects the ASP2 core to the GPIO outputs, allowing flags set by the ASP2 program to be read externally.
Output 1°’b0

Outputs a constant 1’b0. Invert to output a constant 1'b1.

Jack Detect Flag
Outputs 1’b1 when a headphone jack is detected. Requires Register 7[7] JDET_EN = 1°b1.
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Pre-Programmed Digital Filters

The ES9291 has 8 pre-programmed digital filters. The latency for each filter reduces (scales) with increasing sample rates.
(See Register 64[7:5] ADC_FILTER_SHAPE and Register 83[2:0] DAC_FILTER_SHAPE for configuration)

# | Filter Description
1| Minimum Phase (default) Vgrspn 2 of minimum phase fast roll-off (#6) with less ripple and more image
rejection
9 Linear Phase Apodizing Fast Full image rejection by FS/2 to avoid any aliasing, with smooth roll-off
Roll-Off starting before 20k.
3 | Linear Phase Fast Roll-Off Sabre legacy filter, optimized for image rejection @ 0.55FS
Linear Phase Fast Roll-Off , _ . .
4 Low-Ripple Sabre legacy filter, optimized for in-band ripple
5 | Linear Phase Slow Roll-Off Sabre legacy filter, optimized for lower latency, but symmetric impulse
response
6 | Minimum Phase Fast Roll-Off I605\Aéllzastency, minimal pre ringing and low passband ripple, image rejection @
7 | Minimum Phase Slow Roll-Off | Lowest latency at the cost of image rejection
8 | Minimum Phase Slow Roll-Off Prowdes anice bqlance of the !ow Iaten(.:y.of m|n|ml_Jmlphqse filters and the
: . low dispersion of linear phase filters. Minimal pre-ringing is added to
Low Dispersion , : C ,
achieve the low dispersion in the audio band.

Table 20 - Pre-Programmed Digital Filter Descriptions

Note: Minimum phase filters are asymmetric filters that work to minimize the pre-echo of the filter, while still maintaining an
excellent frequency response and they peak earlier than linear phase filters, resulting in a lower group delay. Minimum
phase filters usually feature zero cycles of pre-echo, which can result in improved audio quality.
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ADC: PCM Filter Latency

The following table shows the simulated latency of each filter across different sample rates. Measurements were taken from
the external impulse response prior to being down sampled to 1FS. The extra sample delay to get the data encoded
accounts for external processing time to serialize the data stream. Latency delay will reduce (scale) with sampling rate.

Filter Shape \ Frequency [kHz] 441/48 | 88.2/96 | 176.4/192 | 352.8 /384
Minimum Phase (default) 5.31/FS | 550/FS | 5.74/FS 6.36/FS
Linear Phase Apodizing Fast Roll-Off 35.06/FS | 35.25/FS | 35.62/FS | 36.23/FS
Linear Phase Fast Roll-Off 35.31/FS | 35.50/FS | 35.75/FS | 36.36/FS
Linear Phase Fast Roll-Off Low-Ripple 3494 /FS | 35.13/FS | 35.37/FS | 35.98/FS
Linear Phase Slow Roll-Off 794/FS | 812/FS | 837/FS 8.86/FS
Minimum Phase Fast Roll-Off 544 /FS | 550/FS | 5.87/FS 6.48/FS
Minimum Phase Slow Roll-Off 431/FS | 450/FS | 474/FS 5.36/FS
Minimum Phase Slow Roll-Off Low Dispersion | 6.19/FS | 6.25/FS | 6.62/FS 7.23/FS

Table 21 - ADC: PCM Filter Latency
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ADC: PCM Filter Properties

Minimum Phase
Parameter Conditions MIN TYP MAX UNIT
Pass band 046 FS Hz
Stop band -100.4 dB 0.55FS Hz
Group Delay 2.90/FS 9.23/FS s
Flatness (ripple) 0.0030 dB

Linear Phase Apodizing
Parameter Conditions MIN TYP MAX UNIT
Pass band 041FS Hz
Stop band -108.9dB 0.50FS Hz
Group Delay 33.25/FS s
Flatness (ripple) 0.0033 dB

Linear Phase Fast Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46 FS Hz
Stop band -115.5dB 0.55FS Hz
Group Delay 33.38/FS s
Flatness (ripple) 0.0037 dB

Linear Phase Fast Roll-Off Low Ripple
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46 FS Hz
Stop band -82.53 dB 0.55FS Hz
Group Delay 33/FS s
Flatness (ripple) 0.0021 dB
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Linear Phase Slow Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.46 FS Hz
Stop band -85.02 dB 0.75FS Hz
Group Delay 6.05/FS s
Flatness (ripple) dB
Minimum Phase Fast Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46 FS Hz
Stop band -101.2dB 0.55FS Hz
Group Delay 2.95/FS 9.42/FS s
Flatness (ripple) 0.0048 dB
Minimum Phase Slow Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 043 FS Hz
Stop band -90.34 dB 0.80FS Hz
Group Delay 2.03/FS 3.51/FS s
Flatness (ripple) dB
Minimum Phase Slow Roll-Off Low Dispersion
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 045FS Hz
Stop band -98.8 dB 0.82FS Hz
Group Delay 4.12/FS 4.38/FS s
Flatness (ripple) dB

55

Table 22 - ADC: PCM Filter Properties
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ADC: PCM Filter Frequency Response

The following frequency responses were obtained from software simulations of these filters. Simulation sample rate is

44 .1kHz.
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Frequency Response
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Frequency Response at FS = 44.1 kHz
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Frequency Response at FS = 44.1 kHz
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Minimum Phase Slow Roll-
Off
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Table 23 - ADC: PCM Filter Frequency Response
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ADC: PCM Filter Impulse Response

The following impulse responses were obtained from software simulations of these filters. They show the decimation path
prior to down-sampling to 1FS and are scaled accordingly. The extra sample delay to get the data encoded accounts for

external processing time to serialize data stream.

Filter

Impulse Response

Impulse Response
T T

15

8
Minimum Phase g 08 I
<I n
] | I| |I — —
[ | 1)
| II
_Ds 1 1 1 1
0 15 30 45 60 75
Samples of Fs
Impulse Response
1.5 T T T T
1k ]
8 I
. . = | j
Linear Phase Apodizing g 0° [
< |
I
ay
0 S TAWAN| | —— |
_Ds 1 1 1 1
0 15 30 45 60 75

Samples of Fs

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM 60



VERSION 0.3.1

ES9291 Product Datasheet

E55

Impulse Response
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Impulse Response
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Impulse Response
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Table 24 - ADC : PCM Filter Impulse Response
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ADC: 64FS Mode
ADC: Minimum Phase 64FS Mode Latency

The following table shows the simulated latency at 705.6kHz sampling rate and is very similar at 768kHz. Measurements
were taken from the external impulse response prior to being down sampled to 1FS. The extra sample delay to get the data
encoded accounts for external processing time to serialize the data stream. Latency delay will reduce (scale) with sampling
rate.

Digital Filter Delay

Minimum Phase Double Rate 54T/ FS
Table 25 - ADC: Minimum Phase 64FS Latency

ADC: Minimum Phase 64FS Properties

Minimum Phase 64FS Mode
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 044 FS Hz
Stop band -68.35 dB 0.68 FS Hz
Group Delay 1.43/FS 3.45/FS s
Flatness (ripple) dB

Table 26 - ADC: Minimum Phase 64FS Properties
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ADC: Minimum Phase 64FS Frequency Response

This filter gets selected automatically when MCLK/FS = 64. The following frequency response was obtained from software
simulations with a sample rate of 705.6kHz

Frequency Response at FS = 705.6 kHz
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Figure 24 - ADC: Minimum Phase 64FS Frequency Response
ADC: Minimum Phase 64FS Impulse Response

The following impulse responses were obtained from software simulations of these filters. They show the decimation path
prior to down-sampling to 1FS and are scaled accordingly. The extra sample delay to get the data encoded accounts for
external processing time to serialize data stream.
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Figure 25 - ADC: Minimum Phase 64FS Impulse Response
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DAC: PCM Filter Latency

The following table shows the simulated latency of each filter. Measurements were taken from the external impulse
response. The extra sample delay to get the data encoded accounts for external processing time to serialize the data

stream. Latency will reduce (scale) with sampling rate.

Filter Shape \ Frequency [kHz] 441/48 | 88.2/96 | 176.4/192 | 352.8 /384
Minimum Phase (default) 527/FS | 528/FS | 528/FS 5.30/FS
Linear Phase Apodizing Fast Roll-Off 34.64/FS | 3465/FS | 3465/FS | 34.66/FS
Linear Phase Fast Roll-Off 35.27/FS | 35.27/FS | 3527 /FS | 35.29/FS
Linear Phase Fast Roll-Off Low-Ripple 33.20/FS | 33.21/FS | 33.21/FS | 33.23/FS
Linear Phase Slow Roll-Off 770/FS | 7.71/FS | 7.71/FS 7.73/FS
Minimum Phase Fast Roll-Off 527/FS | 528/FS | 528/FS 5.30/FS
Minimum Phase Slow Roll-Off 431/FS | 431/FS | 431/FS | 4.33/FS
Minimum Phase Slow Roll-Off Low Dispersion | 6.16/FS | 6.17/FS | 6.17/FS 6.19/FS

Table 27 - DAC: PCM Filter Latency
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DAC: PCM Filter Properties
Minimum Phase
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46 x fs Hz
Stop band -96.25dB 0.55xfs Hz
Group Delay 2.91/fs 9.01/fs s
Flatness (ripple) 0.0014 dB
Linear Phase Apodizing
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.41xfs Hz
Stop band -103 dB 0.50 x fs Hz
Group Delay 32.81/fs s
Flatness (ripple) 0.0028 dB
Linear Phase Fast Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.45x fs Hz
Stop band -109.1 dB 0.55xfs Hz
Group Delay 33.43/fs s
Flatness (ripple) 0.0032 dB
Linear Phase Fast Roll-Off Low Ripple
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46 x fs Hz
Stop band -89.02 dB 0.55x fs Hz
Group Delay 31.37/fs s
Flatness (ripple) 0.0013 dB
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Linear Phase Slow Roll-Off

Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.44 x fs Hz
Stop band -90.6 dB 0.75x fs Hz
Group Delay 5.87/fs s
Flatness (ripple) dB

Minimum Phase Fast Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.46 x fs Hz
Stop band -97.9dB 0.55x fs Hz
Group Delay 2.91/fs 9.14/fs s
Flatness (ripple) 0.0024 dB

Minimum Phase Slow Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.43xfs Hz
Stop band -91.01dB 0.80xfs Hz
Group Delay 2.08/fs 3.56/fs s
Flatness (ripple) dB

Minimum Phase Slow Roll-Off Low Dispersion
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.45xfs Hz
Stop band -98.62 dB 0.82xfs Hz
Group Delay 4.21/fs 4. 42/fs s
Flatness (ripple) dB

Table 28 - DAC: PCM Filter Properties
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DAC: PCM Filter Frequency Response

The following frequency responses were obtained from software simulations of these filters. Simulation sample rate is

44 1kHz.
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Linear Phase Fast Roll-Off

Amplitude [dB]

20

-20

-40

-60

-80

-100

-120

-140

-160

-180

Frequency Response at FS = 44.1 kHz

Amplitude [dB]
(=]

0.01

0.005 -

-0.005

-0.01

Frequency Response at FS = 44.1 kHz

il
—— A vww"du'W

|

10? 10° 10
Frequency [Hz]

10? 10°
Frequency [Hz]

Linear Phase Fast Roll-Off
Low Ripple

Amplitude [dB]

20

-20

-40

-60

-80

-100

-120

-140

-160

-180

Frequency Response at FS = 44.1 kHz

Amplitude [dB]

Frequency Response at FS = 44.1 kHz

0.01

0.005 -

o
T

-0.005

-0.01

10? 10° 10
Frequency [Hz]

o E— e —
——l_—_":
J——
| I

10? 10°
Frequency [Hz]

104 10°

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM 70



VERSION 0.3.1

.‘-“ I‘El
ES9291 Product Datasheet o L '

20 ——ry

Frequency Response at FS = 44.1 kHz

A
20 i
Frequency Response at FS = 44.1 kHz |

a0f |

o
T

-60 -

-80

Amplitude [dB]
Amplitude [dB]
1

Linear Phase Slow Roll-Off

=100 -

120 ‘

140 102 10° 10* 10°
Frequency [Hz]

w N
———
I
e
I — I

480 | i P | i Ll i il
102 10° 104 10°
Frequency [Hz]

Frequency Response at FS = 44.1 kHz

20 — T —— 7

L l 4
-20 001 Frequency Response at FS = 44.1 kHz |

-40 |
— 0005 1 |

-60 -

-80

Minimum Phase Fast Roll-Off

Amplitude [dB]
Amplitude [dB
o

-100 -0.005

-120

0.01 . ; I - ‘4 I . -
140 10 10 10 10
Frequency [Hz]

-160

180 il i il i il i |
10° 10° 104 10°
Frequency [Hz]

4l ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM




E55

VERSION 0.3.1

ES9291 Product Datasheet

Minimum Phase Slow Roll-
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Table 29 - DAC: PCM Filter Frequency Response
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DAC: PCM Filter Impulse Response

The following impulse responses were obtained from software simulations of these filters. They were measured from the
external impulse response. The extra sample delay to get the data encoded accounts for external processing time to

serialize data stream.

Filter Impulse Response
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Table 30 - DAC: PCM Filter Impulse Response
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DAC: 64FS Mode

DAC: Minimum Phase 64FS Mode Latency

The following table shows the simulated latency at 705.6kHz sampling rate and is very similar at 768kHz. Measurements
were taken from the external impulse response. The extra sample delay to get the data encoded accounts for external

processing time to serialize the data stream. Latency delay will reduce (scale) with sampling rate.

Digital Filter

Delay(us)

Minimum Phase Double Rate

3.59/FS

Table 31 - DAC: Minimum Phase 64FS Latency

DAC: Minimum Phase 64FS Properties

Minimum Phase 64FS Mode

Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 045xfs Hz

Stop band -61.33 dB 0.68 x fs Hz

Group Delay 1.54/fs 2.35/fs s

Flatness (ripple) dB

Table 32 - DAC: Minimum Phase 64FS Properties
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DAC: Minimum Phase 64FS Frequency Response

This filter gets selected automatically when MCLK/FS = 64. The following frequency response was obtained from software
simulations with a sample rate of 705.6kHz

Frequency Response at FS = 705.6 kHz
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Figure 26 - DAC: Minimum Phase 64FS Frequency Response

DAC: Minimum Phase 64FS Impulse Response

The following impulse responses were obtained from software simulations of these filters. They were measured from the
external impulse response. The extra sample delay to get the data encoded accounts for external processing time to
serialize data stream.
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Figure 27 - DAC: Minimum Phase 64FS Impulse Response
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Sample Rate Calculation

Acquiring the real time sample rate from the ES9291 can be accomplished using Register 232 AUTO FS READ.
Auto fs detect (Register 1[0 AUTO_FS_DETECT = 1'b1) must be set.
The below equation calculates the current auto detected sample rate by using a combination of register readback states.

Y * MCLK

FS[Hz] = xan- (%)

Variables
e {X}: Register 232[5:0] MCLK_128FS_DIV_AUTO
e {Y}: Register 232[6] MCLK_128FS_HALF_DIV_AUTO
o 1b0:Y=1
o 1b1:Y=2
o {Z}: Register 232[7] EN_64FS_MODE_AUTO
e MCLK: Master Clock rate

Example
For this example, let the variables be as follows:

X=7,Y=1,2=0, MCLK = 49.152 [MHz]

1%49.152MHz  49.152MHz
FS[Hz] = = = 48kHz

(7+1)*(122_08) 8% 128
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TDM Daisy Chain Mode

The ES9291 supports connecting multiple devices together in a daisy chain configuration. Up to 16 devices can be daisy
chained together to output data onto any of the 32 channels in a TDM data line. The DAC’s Daisy Chain has a digital input
on DATA4 from the previous chip and will take the respective channel’s data for conversion and pass the TDM data to be
output on GPIO2 for the next chip down the chain. At the same time, the ADC’s Daisy Chain has a digital input on GP101

from the previous chip and will append that devices data onto the line and output on DATA2. See Application Note for more
information.

To set up TDM Daisy Chain mode, enable TDM_xxx_DAISY_CHAIN and select the total channel count with
TDM_CH_NUM, then set the respective TDM_xxx_DATA_LATCH_ADJ registers based on the chip’s location in the chain.
The central number in each chip in Figure 28 denotes the TDM_XXX_DATA_LATCH_ADJ value for that device.

Note: GPIO1 on the last ES9291 of the Daisy Chain must be set to zero by tying to ground through a 47Q resistor.

Data Path Output Pin Input Pin
DAC GPIO2/DATA5 DATA4

ADC DATA2 GPIO1/DATAS3
Table 33 - Daisy Chain Pins

Digital Serial
Transmitter / Reciever
TSD
RSD | Chip #1 CH 31/32 Chip #2 CH 29/30 Chip #16 CH 1/2
DATA4 GPIO2 > DATA4 GPIO2 e & & —>» DATA4 GPI02 =X
BCK ws | | [°°°° Q ===-1  p=--- UREECEL IR EEEE 15 -----
DATA2 GPIO1 [« DATA2 GPIO1 [«—e o o<— DATA2 GPIO1
""""""""""""""""""""" 470
» DATA_CLK »{ DATA_CLK DATA_CLK

P
A

|-> DATA1 ’-b DATA1 ’-P DATA1
> r ® ‘]

Figure 28 - Daisy Chain Configuration
TDM Daisy Chain Registers

e Register 9[4:0] TDM_CH_NUM

e Register 15[7] TDM_ENC_DAISY_CHAIN

e Register 15[4:0] TDM_ENC_DATA_LATCH_ADJ
e Register 16[7) TDM_DEC_DAISY_CHAIN

e Register 16[4:0] TDM_DEC_DATA_LATCH_ADJ
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TDM Parallel Mode

The ES9291 also supports TDM in parallel mode. In this case, the ES9291s will simply connect the output or input data
lines together. Each device will input or output data during the designated slots during a single frame of the TDM data line,
then switch to high impedance so that the next device may input or output its data onto the data lines. To set up TDM
Parallel mode, select the total channel count with TDM_CH_NUM and set the desired slots with the PCM/TDM
Encoder/Decoder Mapping Registers.

Note: Parallel mode supports TDM and I)C (TDM_CH_NUM = 1)

Digital Serial
Transmitter / Reciever
TSD > > e o @
RSD |« J ’J R —
‘ Chip #1 ‘ Chip #2 Chip #16
DATA4 DATA4 » DATA4
BCK WS b [TTTTTTEEERTTY O [TTTTTTTYTO| 0 [TtTTTTT
DATA2 DATA2 DATA2
»| DATA_CLK »| DATA_CLK » DATA_CLK
|-> DATA1 |-> DATA1 DATA1
( o ( . e o oJ
e e o

Figure 29 - TDM Parallel Configuration

TDM Parallel Registers
e Register 9[4:0] TDM_CH_NUM

PCM/TDM Encoder Mapping Reqisters
e Register 11[4:0] TDM_ENC_SLOT_SEL_CH1
e Register 12[4:0] TDM_ENC_SLOT_SEL_CH2

PCM/TDM Decoder Mapping Registers
e Register 13[4:0] TDM_DEC_SLOT_SEL_CH1
e Register 14[4:0] TDM_DEC_SLOT_SEL_CH2
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THD Compensation

The ES9291 has integrated ADC and DAC THD Compensation to add or correct second and third harmonics that may be
present on the output signal. The compensation is controlled by two signed 16-bit coefficients for the ADC Datapath located
in Registers 71-74 and two signed 12-bit coefficients for the DAC Datapath located in Registers 101-104.

The following equation displays how the second and third order harmonics are affected by the C2 and C3 values:
output = x + c2*x%+ c3*x3

ADC THD Compensation Coefficient Registers

e Registers 71-72: ADC THD COMP C2

o This register's value is internally XORed with 16'hFFFC
e Registers 73-74: ADC THD COMP C3

o This register’s value is internally XORed with 16’hFFE2

DAC THD Compensation Coefficient Registers
e Registers 101-102: DAC THD COMP C2
o This register’s value is internally XORed with 12'h222
e Registers 103-104: DAC THD COMP C3
o This register’s value is internally XORed with 12’030
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Clock Distribution

ACLK MCLK CLKEN MCLK WeLK To ADC / DAC
PLL_CLK o] Reg S4] MGLK 240 DIV2 Datapaths
Reg 0[4] SEL_MGLK_SRG H ¥
Reg 0[5] EN_MCLK_IN
m Hic =4, To ADC Datapath
Reg 0[0] ENAB=I.E ADC CH1|
Reg 20[6:0] MCL?(,PDM,MICJ)N Reg 0[1] ENABLE_ADG_CH2
GPI04 g PDM_CLK_OUT PDM
GPIO3 rou e o o LEEL HELK POMRC To DAC ASP Cores
ecoder
Reg 3(6] ENABLE_IIIDMJMC_DECODE Reg 1317] ASP_:DAC_EORE_EN
To Temperature Sensor—m To ADC ASP Cores
Reg 7[6] TéENSEEN Reg |3|[0]ASF;.DC,COR&EM
Reg 112[7:0] CP_CLK_DIV Reg 4[5:0] MGLK_126F5_DIV
Reg 5[4] MCLK_24M_DIV2 Reg 4[6] MCLK_128FS_HALF_DIV
To Charge Pump ce.oK DIV LRSS e s, To ADC / DAC
& Datapaths
RegOFJ ENABLE DAC chY | ey ot ehABLE 4o m To SPDIF Encoder
& |Reg 111[1] CP_EXT NS Reg 0[Z] ENABLE DAC CH1|
Reg 0[3] ENABLE DAC_CH2
Reg 3(7] ENAEL&SFD\F,ENCODE
Reg 6[7:0] MASTER_DCLK_DIV
M;t m To ADC Datapath
aster
DCLK & WS X
Generation Req 0(0] ENABLE_ADC_CH1|
i Reg 0[1] ENABLE_ADC_CH2
DATA CLK Reg G{0] PCM_MASTER_MODE_EN |
Reg 8[1] DSD_MASTER_MODE_EN
m To DAC Datapath
Reg 0[2] ENAB:LE,DAC,cm 1
Reg 0[3] ENABLE_DAC_CH2
CLKEN To TDM Encoder
o]
Reg 8[7] SLAVE_DCLK_INVERT 1
Reg 2[0] ENABLE_TDM_ENCODE
—m To TDM Decoder
Reg 2[4] ENABL:EJDILDECODE
To DSD Decoder

i

Reg 2[6] ENABLE_DSD_DECODE

To PDM Decoder

Reg 2[7] ENABLE_PDM_DECODE

» CLKEN To DOP Decoder

Reg 2[5] ENABLE_DOP_DECODE

Figure 30 - Clock Distribution
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The following list shows the various clocks of the ES9291 and the associated registers for configuration.
MCLK

The MCLK source to the device can be enabled and selected between ACLK or PLL_CLK with the following registers.

e Register 0[5] EN_MCLK_IN
e Register 0[4] SEL_MCLK_SRC

MCLK_24M

MCLK_24M is required by the ADC Datapath to be 22.5792 / 24.576MHz respectively The DIV2 bit must be set when using
an MCLK of 45.1584 / 49.152MHz.

e Register 5[4] MCLK_24M_DIV2
e Register 0[0,1] ENABLE_ADC_CHx

MCLK_128FS

2MCLK_128FS_DIV_HALF

MCLK_128FS must be tuned such that MCLK = = MCLK_128FS = 128 * FS. This ratio is
MCLK_128FS_DIV

automatically tuned by default with AUTO_FS_DETECT. A ratio of 64 for higher sample rates can be achieved with
ENABLE_64FS_MODE.

e Register 46] MCLK_128FS_HALF_DIV

e Register 4[5:0] MCLK_128FS_DIV

e Register 1[0] AUTO_FS_DETECT

e Register 1[1] AUTO_FS_DETECT BLOCK_64FS
e Register 1[2] ENABLE_64FS_MODE

Master DCLK

The Master DCLK & WS Generation block is enabled when either PCM or DSD Master Mode is enabled. The generated
DCLK is output on the DATA_CLK pin, and the frequency is set with the divider register.

e Register 8[0] PCM_MASTER_MODE_EN

e Register 8[1] DSD_MASTER_MODE_EN

e Register 6[7:0] MASTER_DCLK_DIV

e Register 8[5] MASTER_WS_CLK_PHASE

e Register 8[4] MASTER_WS_PULSE_MODE
e Register 83] MASTER_WS_INVERT

e Register 8[2] MASTER_DCLK_INVERT

Slave DCLK

The input Slave DCLK is sourced from the DATA_CLK pin, which means a DCLK provided externally or generated
internally.

e Register 8[7] SLAVE_DCLK_INVERT
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MCLK _PDM_MIC

The PDM Microphone Decoder clock is enabled and divided with the below registers.

o Register 3[6] ENABLE_PDM_MIC_DECODE
e Register 20[6:0] MCLK_PDM_MIC_DIV

CP_CLK
The Charge Pump clock is enabled when the DAC is enabled and the external negative supply control is off.

e Register 0[2, 3] ENABLE_DAC_CHx
e Register 112[7:0] CP_CLK_DIV
e Register 111[1] CP_EXT_NS
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Analog Features

APLL

The ES9291 has an integrated Analog PLL (APLL) for generating frequencies that are unavailable externally. The APLL
supports a synchronous input to the APLL from the DATA_CLK (Pin 36) or ACLK Pins (Pin 40) or an Asynchronous input
from the ACLK Pin (Pin 40). Synchronous input is supported in both Master or Slave mode while Asynchronous input is only
supported in Master Mode and requires Register 122-124[20] PLL_CLK_OUT_DIV_PHASE_EN, 117[6:4]
PLL_CP_BIAS_SEL, and 125[1:0] VCO_IB_AMP_CTRL to be set to non-default values. For more information on the APLL
and Asynchronous cases, please ask your FAE or Distributor for the APLL Application Note.

r

ES9291 |

ACLK b4

v
\1
—_ M
@
@,
y——

Fvco Fout \1

)
o (A);m-» o _»@*D.@T%__
DATA CLK [« q 1

Register 116[5]
SEL_PLL_CLK_IN

=
53
A

rDigitaICore ) ’
DATA1 xl« > PCM/TDM MCLK fe
DATA2 ?4 Encoder/
DATA4 4 » Decoder
DAC <
ADC
|_> L ) Register 0[4]
A I A \ SEL_MCLK_SRC
W@ i %
AV oS O SR

Figure 31 - Functional Block Diagram of ES9291 APLL

The input clock (Fin) source to the APLL is chosen between ACLK or DATA_CLK with Register 116[5] SEL_PLL_CLK_IN.
The MCLK source to the chip is chosen between the APLLs output or the ACLK pin with Register 0[4] SEL_MCLK_SRC.
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For calculation of the PLL frequency output, use the following formulas:

_(Fin _ (Fin ——225 = (Ein Nfb
Fref_<N_i) Fvco_(N_i *Ngb Nfb = wpp1v Four = N ) No

Where:
a. FBDIV is a 24-bit number

b. PLL frequency range requirements:

a. Frefrequirement: 2.5MHz < Fref < 13 MHz

b. Fvco requirement: 90MHz < Fvco < 110MHz

c. Foutrequirement: 22.5792/24.576MHz & 45.1584/49.152Mhz
c. Ni=input divider

e Accessible from Reg 122-124[8:0], PLL_CLK_IN_DIV
d. No = output divider

e Accessible from Reg 122-12415:12], PLL_CLK_OUT_DIV
e. Nfb = feedback divider

e Accessible from Reg 119-121[23:0], PLL_CLK_FB_DIV

o Note: Toggle Reg 122-124[9] PLL_FB_DIV_LOAD to load PLL_CLK_FB_DIV value

44.1kHz Base Rates (SYNC Slave Mode)
(kFI-ISz) DA(TI\‘:I_TZ(;LK Ni (;ﬁ:) FBDIV m;’) No | Fout (MHz)
32-Bit Frame
352.8 22.5792 2 | 11.2896 | 4194304 | 90.3168 | 4 22.5792
176.4 11.2896 1| 11.2896 | 4194304 | 90.3168 | 4 22.5792
88.2 5.6448 1 | 5.6448 |2097152 | 90.3168 | 4 22.5792
441 2.8224 1| 2.8224 | 1048576 | 90.3168 | 4 22.5792
16-Bit Frame
352.8 11.2896 1| 11.2896 | 4194304 | 90.3168 | 4 22.5792
176.4 5.6448 1 | 5.6448 |2097152 | 90.3168 | 4 22.5792
88.2 2.8224 1| 2.8224 | 1048576 | 90.3168 | 4 22.5792
441 1.4112 1 14112 | 524288 | 90.3168 | 4 22.5792

Table 34 - APLL Divider Values for 44.1kHz Base Rates
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48kHz Base Rates (SYNC Slave Mode)
(::z) DA(TMAHSLK & (;ﬁ:) ALY (II:V\I,IFI:) e (Fmorlljzt)
32-Bit Frame
384 24.576 2 12.288 | 4194304 | 98.304 4 24.576
192 12.288 1 12.288 | 4194304 | 98.304 4 24.576
96 6.144 1 6.144 | 2097152 | 98.304 4 24.576
48 3.072 1 3.072 1048576 | 98.304 4 24.576
16-Bit Frame
384 12.288 1 12.288 | 4194304 | 98.304 4 24.576
192 6.144 1 6.144 | 2097152 | 98.304 4 24.576
96 3.072 1 3.072 1048576 | 98.304 4 24.576
48 1.536 1 1.536 524288 | 98.304 4 24.576
Table 35 - APLL Divider Values for 48kHz Base Rates
Jack Detect

The ES9291 features Jack Detection that has a status indicator (flag) when it detects the presence of headphone jack tip.
This indicator can be masked onto the GPIO pins as well as readback via a register.

Jack Detect Registers

e Register 7[7] JDET_EN

e Register 30[6] MASK_JDET
e Register 31[6] CLEAR_JDET
e Register 234[2] JDET_FLAG
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Temperature Sensor

The ES9291 integrates a temperature sensor that can be readback at any time. The equation to convert the register value
to temperature ("C) is as follows:

Temperature ['C] = TS_DATA * 3.2151 — 247

Temperature Sensor Registers
e Register 7[6] TSENSE_EN
e Register 235 TSENSE_DATA

Mic-Bias

The integrated Mic Bias can be set to varying voltages between 1.45V and 2.85V (default). See Registers for more list of
available values.

Mic Bias Reqisters
e Register 82[6] MB_VR_BYPB
e Register 82[3] MB_EN
e Register 82[2:0] MB_VR_SET

Charge Pump

The ES9291 features an integrated Charge Pump that generates the required -3.3V (PNEG) for the “ground centered”
Power Line Driver, on pin 47 (PNEG). To achieve higher output power for lower impedance loads, an external negative
supply can be used. When using an external negative supply ensure the internal Charge Pump is disabled by setting
CP_NS_EXT = 1b1.

The Charge Pump automatically shuts down to save power when a mute condition is detected. This function can be
disabled with CP_MUTE_PD_EN = 1’b0 or by disabling Automute.

The charge pump clock must be 705.6kHz/768kHz for 44.1kHz/48kHz sample rate families, respectively. This is set by
default when using a 22.5792/24.576MHz or 45.1584/49.152MHz MCLK and setting MCLK_24M_DIV2 appropriately. If
another MCLK frequency is used, the below equation can be used to calculate the required CP_CLK_DIV to achieve the
required CP_CLK rate.

MCLK
2MCLK 24MDIV2 . (CP_CLK_DIV + 1)

CP_CLK [Hz] =

Charge Pump Reqgisters
e Register 5[4] MCLK_24M_DIV2
e Register 111[1] CP_NS_EXT
e Register 111[0] CP_MUTE_PD_EN
e Register 112 CP_CLK_DIV
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PowerLine Driver

The ES9291 PowerLine Driver delivers high output power capability in addition to a high-performing True Dynamic Range
(True DNR) across a wide range of load impedances. The PowerLine Driver positive supply rail is the AVCC_PLD (Pin 9),
and the negative supply rail is generated by the internal Charge Pump, and can be measured on PNEG (Pin 47). The
negative rail can also be supplied externally through PNEG to increase the maximum output power. The Charge Pump is
supplied from AVCC_CP (Pin 44).

The two PowerLine Drivers outputs a 2Vrms ground-centered single-ended outputs on OUT1 (Pin 2) and OUT2 (Pin 8),
which are referenced to GND_SNS (Pin 5). The PowerLine Driver’s outputs can be optionally configured as a single
pseudo-balanced output by inverting one of the two outputs with Register 89[1:0] DAC_VOL_PHASE_INV_CH1/2.

The PowerLine Driver features Overcurrent Protection to prevent damage from short circuits and overloads.

Note: The ES9291’'s DAC1, DAC1B, DAC2, and DAC2B pins are used to connect external capacitors for high frequency
filtering and increasing the PowerLine Driver linearity. These pins cannot be used as direct DAC outputs.
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Absolute Maximum Ratings

PARAMETER RATING

Positive Supply Voltage
e AVCC_CP e -0.3to +3.7V with respect to ground
e AVCC_PLD e -0.3to +3.7V with respect to ground
e AVDD o -0.31t0+3.7V with respect to ground
e AVCC_ADC e -0.3to +3.7V with respect to ground
e DVDD (Internally generated) e -0.3to +1.4V with respect to ground
e PNEG (Internally generated) e -3.5V with respect to ground

Storage Temperature -65°C to +150°C

Operating Junction Temperature +125°C

Voltage Range for Digital Input Pins -0.3V to AVDD (nom) +0.3V
Maximum/Minimum Input Voltage on IN_P IN_M pins +6V to -0.4V

Table 36 - Absolute Maximum Ratings

WARNING: Stresses beyond those listed here may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions beyond those indicated under Recommended

Operating Conditions is not implied.

ESD Ratings
ESD Standard Rating
Human Body Model (HBM), ANSI/ESDA/JEDEC JS-001 2kV
Charge Device Model (CDM), ANSI/ESDA/JEDEC JS-002 500V

Table 37 - ESD Ratings

WARNING: Electrostatic Discharge (ESD) can damage this device. Proper procedures must be followed to avoid ESD

when handling this device.

|0 Electrical Characteristics

PARAMETER SYMBOL MINIMUM MAXIMUM | UNIT
High-level input voltage VIH (AVDD/2)+0.2 \Y
Low-level input voltage VIL 1.61 V
High-level output voltage VOH AVDD - 0.2 V
Low-level output voltage VOL 0.2 V

Table 38 - I/O Electrical Characteristics
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Switching Characteristics

Parameter Notes Min. Typ. Max. Unit

MCLK!

Frequency 22.5792 49.152 MHz

Duty Cycle 45 95 %

PCM Mode?

WS Frequency?

(Word Select Clock) MCLK/1024 MCLK/128 kHz

BCLK Frequency e TDM_WORD_WIDTH)*

(Bit Clock) (6°2°WS) | oM cH NUM+1yws | MCLK MHz

WS Frequency

(Word Select Clock) 352.8 MCLK/64 768 kHz

BCLKF 64FS Mode?

requency

(Bit Clock) 22.5792 MCLK 49.152 MHz

TDM Mode
TDM4 MCLK/128 kHz
TDM8 MCLK/256 kHz

WS Frequency MCLK/1024

(Word Select Clock) TDM16 MCLK/512 kHz
TDM32 MCLK/1024 kHz

BCLK Frequency . (TDM_WORD_WIDTH)*

(Bt Clock) (16°2°WS) | rpmcH NUM+1yws | MCLK MHz

DSD Mode

DSD Clock Frequency 2.8224 MCLK/2 MHz

1 MCLK must be synchronous to the digital audio clock.
2 In hardware mode, only 32-bit word widths are supported for both PCM, 32-bit and 16-bit for TDM.

3 The sample rate of 256kHz at 49MHz MCLK is unsupported.

Table 39 - Switching Characteristics

4 64FS mode is for 705.6/768kHz with 45.1584/49.152MHz or 352.8/384kHz with 22.5792/24.576MHz.
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Timing Characteristics

Master Clock (MCLK) and Bit-Clock (BCK) Timing

The ES9291 has a phase relationship requirement between MCLK (Master Clock) and BCK (Bit-Clock). The internal clock
for the ADC (MCLK_24M) is derived from the provided MCLK. In slave mode, the ES9291 requires the BCK transition to be
outside a specific range of the MCLK period. This is due to the synchronization circuitry that aligns the output samples with
the input clocks. The table below specifies the amount of time required between the bit clock transition and the MCLK falling
edge.

45.1584/49.152MHz
With a 45.1584/49.152MHz MCLK, the MCLK Rising to BCK time (twrs) must be either less than turs1 or greater than twrsz.

tmre < tmrB1

OR

tmre = tMRB2

MCLK 4// \ /7

tMRBZ

tMRB1

BCK

Figure 33 - 45/49M MCLK with BCK Phase Relationship

Symbol MCLK [MHz] Minimum | Maximum | Unit

MCLK “1"to BCK |  ture2 6.2 - ns
49.152 [ 45.1584
MCLK “1”to BCK | turs1 9.152/45.158 - 4.9 ns

Figure 34 - Timing Relationship for 45/49M MCLK & BCK
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Bit-Clock (BCK) and Word-Select (WS) Timing
Master Mode

For maximum flexibility the Master BCK and WS generated can be inverted with Register 8[3] MASTER_WS_INVERT and
Register 8[2] MASTER_BCK_INVERT respectively.

tD:ME

BCK \ / \

tows
- -

ws X
SD_O >< DE!SD><

tsugsol tioesol

o
-

v
F 3

B
>

o X X

Figure 35 - Master Mode TDM Timing Diagram

Parameter Symbol | Min. | Typ. | Max. | Unit
MCLK-to-BCK outputdelay | tome | 6.33 | - |17.55|ns
BCK-to-WS output delay | topws |-099| - | 3.88 |ns
BCK-to-DATAx output delay | tosp | 3.10 | - | 11.26 | ns
BCK-to-SD_| setup time tsussol | -0.74 | - - ns
BCK-to-SD_| hold time thosor | 1.05 - |ns

Table 40 - Master Mode TDM Interface Timings
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Slave Mode

In this diagram SD_O is the output data lines from the PCM/TDM Encoder and SD_| is the input data for the TDM Daisy
Chain and the PCM/TDM Decoder.

For maximum flexibility the input Slave BCK can be inverted with Register 8[7] SLAVE_BCK_INV.

w_ X . X

tsuws tows
\ / \ /
BCK
th8300 ¢—p
$0.0 >< ><
tsusoi tp:soi

v
F 3

-
. »

= X X

Figure 36 - Slave Mode TDM Timing Diagram

Parameter Symbol | Min. | Typ. | Max. | Unit
WS setup time tsuws 0 - - ns
WS hold time tHD:ws 3 - - ns
DATA Input setup time tsu:soi 0 - - ns
DATA Input hold time tHp:soi 3 - - ns
BCK-to-DATAX output delay | tpsspo | 3.1 - | 1M3 ]| ns

Table 41 - Slave Mode TDM Interface Timings
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I>)C Slave Interface Timing
Start
soa  \ / X
> . - tsuonr

soL B |
t_H;:S:;\_ _ED;DI:T_ al_(:-l _FS:U;S;_ _E by
Figure 37 - I1?C Slave Control Interface Timing
St?nnodda;d- Fast-Mode Fas;;ll\jllsode |
Parameter Symbol Unit
MIN | MAX | MIN | MAX | MIN | MAX

SCL Clock Frequency fscL 0 100 0 400 0 1000 | kHz
START condition hold time tHD;sTA 4 - 0.6 - 0.26 - us
LOW period of SCL tLow 4.7 - 1.3 - 0.5 - us
HIGH period of SCL (>10/CLK) tiGH 4 - 0.6 - 0.26 - us
START condition setup time (repeat) tsu:sTa 4.7 - 0.6 - 0.26 - us
SDA hold time from SCL falling tHp.DAT 0 - 0 - 0 - us
SDA setup time from SCL rising tsu.paT 250 - 100 - 50 - ns
Rise time of SDA and SCL te - 1000 - 300 120 ns
Fall time of SDA and SCL ts - 300 12 | 300 12 120 ns
STOP condition setup time tsu:sto 4 - 0.6 - 0.26 - us
Bus free time between transmissions taur 4.7 - 1.3 - 0.5 - us
Capacitive load for each bus line Co - 400 - 400 - 550 pF

Table 42 - I°C Slave/Synchronous Slave Interface Timing Definitions

Note: It is recommended to use 2kQ pull-up resistors on SDA and SCL. If the capacitive load on a bus line approaches its
maximum value, a lower pull-up resistor value may need to be used.
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SPI Slave Interface Timing

CS_\

:<_tLEAD_bi4_‘tH_bt:P4_tL—L i E‘_tTRAIL_’E‘_tDSEQ_’E
SCLK /N / N/ \_/ \
E"tSETUP"J:‘_tHOLD_h: H_N: tDELAY
Mosi —( AddressMsB X X X | DATALSB )
MISO (X DATALSB )
Figure 38 - SPI Slave Interface Timing
Min | Max
Parameter Symbol ns] | [ns]
CS Lead Time (SCLK rising edge) tLEAD 2
CS Trail Time (SCLK falling edge) trraL 2
MOSI Data Setup Time tseTup_mos| 5
MOSI Data Hold Time tHoLp_mosi 7
SCLK-MISO Delay Time toELAY_MISO 12
SCLK Period tp_scLk 40
SCLK High Pulse Duration th_scLk 8
SCLK Low Pulse Duration t_scik
Sequential Transfer Delay toseq 40

Table 43 - SPI Slave Interface Timing
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Recommended Operating Conditions

Table 44 shows the recommended operating conditions for ES9291.

PARAMETER SYMBOL CONDITIONS
Operating Temperature Ta -20°C to +85°C
AVCC_CP +3.3V £ 5%
AVDD +3.3V £ 5%
AVCC_ADC +3.3V £ 5%
AVCC_PLD +3.3V £ 5%
PNEG Internal -3.3V
PLL_REG Internal 1.8V
DVDD Internal 1.2V
VREF Internal 2.85V
MICBIAS Internal 1.45V - 2.75V
VREF_DAC Internal 2.85V
VREF_ADC Internal 2.85V

Table 44 - Recommended Operating Conditions
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Recommended Power Up Sequence

It is recommended for powering up that CHIP_EN remains low while the power supplies turn on.

AVDD / J)

AVCC CP )]
/ADC/PLD /

CHIP_EN / J)

)

([

I’C s W?t
ENABLE_ADC_CH1/2 : 'DIGITAL_OUT
ENABLE DAC_CH1/2 B

DIGITAL OUT Rog0=0cr) Il

tanALOG ouT M

ANALOG OUT

————————

Figure 39 - Recommended Power Up Sequence

900000 1
tdigital_out[s] = ( + 2~MCLK_24M_DIV2) * (MCLK

950000 + 216+SOFT_RAMP_TIME 1
Fanatog.ouls] = ( " > ~MCLK2_24M_DIV2 > % (MCLK )

) ~ 18.3ms

4
+ s s 30ms @ 48kHz
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Power Consumption

Test Conditions (unless otherwise noted)

Ta=25°C, AVCC_ADC = AVCC_CP = AVCC_PLD= AVDD = +3.3V,
ADC: 1.8Vrms Differential Input.

DAC: 0dBFS Digital Input.

AVDD supply includes DVDD current.

Parameter Min Typ. Max Unit
Standby (CHIP_EN=0)
AVCC_ADC <1 MA
AVCC_CP <1 MA
AVCC_PLD <1 MA
AVDD <1 MA
HW Mode 8, 16 (I*S / TDM LJ Slave 32-bit), MCLK = 24.576MHz
AVCC_ADC 8 mA
AVCC_CP 10.9 mA
AVCC_PLD 231 mA
AVDD for HW8/HW16, Fs=24kHz 12.7 mA
AVDD for HW8/HW16, Fs=48kHz 15 mA
AVDD for HW8/HW16, Fs=96kHz 18.6 mA
AVDD for HW8/HW16, Fs=192kHz 26.4 mA

Table 45 - Power Consumption

Note: Current consumption can be reduced by externally supplying DVDD with 1.2V to decrease AVDD current.
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Performance

Test Conditions 1 (unless otherwise noted)
Ta=25°C, AVCC_ADC = AVCC_PLD = AVCC_CP = AVDD = +3.3V, fs = 48kHz, HW mode, 49.152MHz clock, 1kHz input.

Note: Performance numbers were measured using the ESS ES9291 1v0 evaluation board.

Parameter Min Typ. Max | Unit
ADC Analog Input Characteristics
Resolution 32 Bit
Differential Input Voltage
(IN_P to IN_M) 0dBFS output 2 Vims
Input DC Common Mode VREF_ADC/2 Ve
fs=48kHz BW=20Hz-20kHz -110 dB
Stereo THD+N Ratio
(+5dBV differential input, -1dBFS output) fs=6kHz | BW=20Hz-40kHz 107 a8
fs=192kHz BW=20Hz-80kHz -104 dB
Stereo Dynamic Range (DNR) A-Weighted +121 dB
(2mVrms differential input, -60dBFS output) No Weighting +119 dB
Signal to Noise Ratio (SNR) A-Weighted +121 dB
Input Impedance 833+15% Q

Table 46 - ES9291 ADC Performance
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Parameter Min Typ. Max | Unit
DAC Analog Output Characteristics
Resolution 32 Bit
Output Voltage 0dBFS input 2 Vrus
Output DC Voltage 0 Ve
2Vrms,100kQ | -105 -110 dB
fs=48kHz ;
BW=20Hz-20kHz 65mW, 32Q -102 dB
Stereo THD*N Ratio 120mW, 322 102 a8
(0dBFS input, single ended output) fs=96kHz
BW=20Hz-40kHz 2Vrms,100kQ -107 dB
fs=192kHz
BW=20Hz-80kHz 2Vrms,100kQ -104 dB
Stereo Dynamic Range .
(-60dBFS input, single ended output) A-weighted 2mVrms 21 dB
Output Impedance <1 Q
Interr;)e:JI rT(])Fr;arge 0 70 "y
Max Output Power (per channel) < A’RTHD+N
External Negative atio
125 mW
Supply

Table 47 - ES9291 DAC Performance

1 For heavy load cases that require near maximum output power, ensure both AVCC_PLD and AVCC_CP are at or above

3.3V by +5%

2120mW output into 32Q requires an external negative supply.
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Register Overview

A system clock is not required to access registers.

Read/Write Register Addresses

Registers 0-174 (0x00 - OXAE) are read and write registers.
Read-Only Register Addresses

Register 224-252 (0xEOQ - 0xFC) are read only registers.

Multi-Byte Registers

Multi-Byte registers must be written from LSB to MSB. Data is latched when MSB is written.
Multi-Byte registers must be read from LSB to MSB. Data is latched when LSB is read.
MSB is always stored in the highest register address.
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Register Map

Addr | Addr l
(Hex) (Dec) Register 7 6 5 4 3 2 1 0
SEL_MCLK_ ENABLE DAC_ | ENABLE_DAC_ | ENABLE_ADC_ | ENABLE_ADC_
0x00 | 0 SYS CONFIG SOFT_RESET RESERVED EN_MCLK_IN RO o o o o
AUTO_FS._
001 | 1 FS CONFIG RESERVED AD%Q"SSO- RESERVED ENA?WLSBGE“FS- DETECT_ Agg%g?—
BLOCK_64FS
ENABLE_PDM_ | ENABLE DSD_ | ENABLE_DOP_ | ENABLE_TDM_ ENABLE_TDM_
002 2 ENCODER CONFIG DECODE DECODE DECODE DECODE RESERVED ENCODE
ENABLE_SPDIF | ENABLE_PDM_
0x03 | 3 INPUT & OUTPUT SELECT " ENGODE WIC. DECODE RESERVED INPUT_DATA_FORMAT_SEL RESERVED
0x04 | 4 FRONT-END CLOCK CONTROL RESERVED M%ﬁ 2§||\=/sf MCLK_128FS_DIV
0x05 | 5 BACK-END CLOCK CONTROL RESERVED MCLDKlé“M* RESERVED
0x06 | 6 MASTER CLK CONFIG MASTER_DCLK_DIV
ENABLEWS_ | ENABLE_BCK_ | FORCE PLL_ CLK_FAULT_
007 | 7 MISC CLOCK CONFIG JDET_EN TSENSE_EN RESERVED VONITOR HONITOR Lock DET EN
SLAVE_DCLK_ MASTER.WS_ | MASTERWS_ | MASTERWS_ | MASTER BCK_ | DSD_MASTER_ | PCM_MASTER_
0081 8 MASTER MODE CONFIG INVERT RESERVED CLK_PHASE PULSE_MODE INVERT INVERT MODE_EN MODE_EN
AUTO_CH_
0x09 | 9 TDM CONFIG 1 RESERVED DETECT RESERVED TDM_CH_NUM
NOISE_FLOOR_ TDM_VALID_
oA | 10 TDM CONFIG 2 RESERVED SHAPE 16817 TDM_WORD_WIDTH TDM_BIT_DEPTH EDOE TOM_LJ
0x0B | 11 TDM ENC CH1 SLOT CONFIG RESERVED TDM_ENC_SLOT_SEL_CH1
0x0C | 12 TDM ENC CH2 SLOT CONFIG RESERVED TDM_ENC_SLOT_SEL_CH2
00D | 13 TDM DEC CH1 SLOT CONFIG RESERVED TDM_DEC_SLOT_SEL_CH1
00E | 14 TDM DEC CH2 SLOT CONFIG RESERVED TDM_DEC_SLOT_SEL_CH2
TDM_ENC_
o0F | 15 TDM ENC DAISY CHAIN DAISY. CHAN RESERVED TDM_ENC_DATA_LATCH_ADJ
ox10 | 16 TDM DEC DAISY CHAIN TDM_DEC_ RESERVED TDM_DEC_DATA_LATCH_ADJ
X DAISY_CHAIN RV PAIAATML
oxt1 | 17 DSD MAPPING RESERVED DSD_LINE_SEL | DSD_LINE_SEL RESERVED
_CH2 _CHI1
PDM_DEC_ PDM_DEC_ PDM_DEC_2X_
ox12 | 18 PDM /0 CONFIG RESERVED SAVPLE EDGE |  DATA PHASE GAN. N RESERVED
PDM_MIC_ PDM_MIC_ PDM_MIC_IN_
ox13 | 19 PDM MIC CONFIG RESERVED SAVPLE EDGE |  DATA PHASE ‘ py
04| 20 PDM MIC CLK SELECT RESERVED MCLK_PDM_MIC_DIV
SPDIF_DATA_
ox15 | 21 SIPDIF DATA SELECT RESERVED ‘ SOURCE
016 | 22 SIPDIF CS ADDR SPDIF_CS_WE RESERVED SPDIF_CS_BYTE_ADDR
07 | 23 S/PDIF CS DATA SPDIF_CS_BYTE_DATA
0x18 | 24 VOLUME UP RAMP RATE VOL_RAMP_RATE_UP
0x19 | 25 VOLUME DOWN RAMP RATE VOL_RAMP_RATE_DOWN
VOL_RAMP_
oxA | 2 VOLUME RAMP SPEED RESERVED ‘ SPEED SEL
OB | 729 | RESERVED RESERVED
0x1D
MASK_ADC_ MASK_ADC_
Ox1E | 30 STATUS BITS MASK RESERVED MASK_JDET RESERVED OVERLOAD_ OVERLOAD_ MASK_PEAK_ | MASK_PEAK
DET_CH2 DET_CH1
CH2 CH1
CLEAR ADC_ | CLEAR_ADC_
oxiF | 31 STATUS BITS CLEAR RESERVED CLEAR_JDET RESERVED OVERLOAD_ OvERLoAD. | CLEARPEAK. | CLEAR PEAK.
DET_CH2 DET_CH1
CH2 CH1
020- | 3948 | RESERVED RESERVED
0x30
031 | 49 GPIO1/2 CONFIG GPIO2_CFG GPIO1_CFG
0x32 | 50 GPIO3/4 CONFIG GPIO4_CFG GPIO3_CFG
0x33 | 51 GPIO5/6 CONFIG GPIOB_CFG GPIO5_CFG
0x34 | 52 GPIO7/8 CONFIG RESERVED GPIO7_CFG
0x35 | 53 GPIO INPUT ENABLE RESERVED GPIO7_SDB GPIO6_SDB GPIO5_SDB GPIO4_SDB GPIO3_SDB GPI0O2_SDB GPIOT_SDB
0x36 | 54 GPIO OUTPUT ENABLE RESERVED GPIO7_OE GPIOB_OE GPIO5_OE GPIO4_OE GPIO3_OE GPIO2_OE GPIO1_OE
037 | 55 GPIO INVERT RESERVED GPIO7_INV GPIOG_INV GPIOS_INV GPIO4_INV GPI03_INV GPIOZ_INV GPIOT_INV
0x38 | 56 GPIO WEAK KEEPER RESERVED GPIO7_WK_EN | GPIOG_WK_EN | GPIO5_ WK_EN | GPIOAWKEN | GPIO3_WKEN | GPIO2WK_EN | GPIOT_WK_EN
0x39 | 57 GPIO READ RESERVED GPIO7_READ GPIO6_READ GPIO5_READ GPIO4_READ GPIO3_READ GPIOZ_READ GPIOT_READ
ADC_FLAG_CH GPIO_OR_ GPIO_OR_ GPIO_AND_ GPIO_AND_ ADC_UNLAT_ ADC_DET_
O3A | 58 GPIO ADC FLAG CONFIG RESERVED _SEL OVERLOAD PEAK_DET OVERLOAD PEAK_DET FLAG_EN FLAG_SEL
DAC_FLAG_CH | GPIO_OR_SS_ GPIO_OR_ GPIO_OR_VOL_ | GPIO_AND_SS_ | GPIO_AND_ | GPIO_AND_VOL
038 | 59 GPIO DAC FLAG CONFIG RESERVED _SEL RAMP AUTOMUTE MIN RAMP AUTOMUTE _MIN
0x3C_ | 60 PWM COUNT PWM_COUNT
0x3D | 61 PWM_FREQ
0E | 62 PWM FREQUENCY PWM_FREQ
0x3F | 63 ADC NEGATION RESERVED ADC_NEG_SEL | ADC_NEG_SEL
_CH2 _CH1
ADC_BYPASS_ | ADC_BYPASS_
oxd0 | 64 ADC FIR FILTER ADC_FILTER_SHAPE CRoX ’ X ’ ADC_BYPASS_IIR
0l | 65 RESERVED RESERVED
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0x42 66 DC BLOCKING RESERVED DC_BLOCK_EN DC_BLOCK_EN RESERVED
_CH2 _CH1
0x43 67 ADC VOLUME CH1 ADC_VOLUME_CH1
0x44 68 ADC VOLUME CH2 ADC_VOLUME_CH2
0x45 69 ADC DIGITAL GAIN RESERVED ADC_DIGITAL_GAIN_CH2 I RESERVED ADC_DIGITAL_GAIN_CH1
ADC_VOL_ ADC_VOL_
0x46 70 ADC PHASE INVERSION RESERVED PHASE_INV_ PHASE_INV_
CH2 CH1
0x47 1A ADC_THD_COMP_C2
0x48 72 ADC THD COMP C2 ADC_THD_COMP_C2
0x49 73 ADC_THD_COMP_C3
Ox4A 74 ADC THD COMP C3 ADC_THD_COMP_C3
PEAK_DETECT PEAK_DETECT
0x4B 75 PEAK DETECT ENABLE RESERVED "EN_CH2 _EN_CHI
0x4C 76 PEAK DETECT CONFIG RESERVED LO(\:/}Z‘LF:JEEAK‘ RESERVED ‘ PEAK_DECAY_RATE
0x4D 77 PEAK_THRESH_CH1
Ox4E 78 PEAK THRESHOLDS PEAK_THRESH_CH2
Ox4F- 79-81 RESERVED RESERVED
0x51
0x52 82 MIC BIAS RESERVED MB_VR_BYPB RESERVED MB_EN MB_VR_SET
DAC_BYPASS_ DAC_BYPASS_ DAC_BYPASS_
0x53 83 DAC FILTER CONFIG RESERVED IR ‘ FIRAX FIR2X DAC_FILTER_SHAPE
0x54 84 DAC VOLUME CH1 DAC_VOLUME_CH1
0x55 85 DAC VOLUME CH2 DAC_VOLUME_CH2
0x56 86 DIRECT MONITOR VOLUME CH1 DIR_MON_VOL_CH1
0x57 87 DIRECT MONITOR VOLUME CH2 DIR_MON_VOL_CH2
0x58 88 DAC DIGITAL GAIN RESERVED | DAC_DIGITAL_GAIN_CH2 RESERVED DAC_DIGITAL_GAIN_CH1
DIR MON DIR MON DIR_.MON_VOL_ | DIR_MON_VOL_ DAC_VOL_ DAC_VOL_
0x59 89 DAC PHASE INVERSION RESERVED MOI\IO CH} MOI\IO CH71 PHASE_INV_ PHASE_INV_ PHASE_INV_ PHASE_INV_
- B CH2 CH1 CH2 CH1
DIR_MON_ DIR_MON_ DAC_MUTE_ DAC_MUTE_
0x5A 90 DAC MUTE RESERVED MUTE_CH2 MUTE_CH1 RESERVED CH2 CH1
DIR_MON_ADC MUTE_RAMP_
0x5B 91 SOFT RAMP CONFIG RESERVED ‘ SEL T0_GROUND SOFT_RAMP_TIME
0x5C 92 DC_OFFSET_CH1
0x5D 93 DCOFFSET DC_OFFSET_CH2
Ox5E 94 AUTOMUTE ENABLE RESERVED AUTOMUTE_EN AUTOMUTE_EN
_CH2 _CH1
Ox5F 95 AUTOMUTE_TIME
0x60 96 AUTOMUTE TIME RESERVED ‘ DSD’EE*AM* DSD’M;IE*AM RESERVED AUTOMUTE_TIME
0x61 97 ) AUTOMUTE_LEVEL
0x62 98 AUTOMUTELEVEL AUTOMUTE_LEVEL
0x63 99 AUTOMUTE_OFF_LEVEL
0x64 100 AUTOMUTE OFF LEVEL AUTOMUTE_OFF_LEVEL
0x65 101 DAC_THD_COMP_C2
0x66 102 DAC THD COMP C2 RESERVED DAC_THD_COMP_C2
0x67 103 DAC_THD_COMP_C3
0x68 104 DAC THD COMP C3 RESERVED | DAC_THD_COMP_C3
0x69- 105-
0X6E 10 RESERVED RESERVED
Ox6F 11 CHARGE PUMP CONFIG RESERVED CP_EXT_NS ‘ CP’M:LE*PD*
0x70 112 CHARGE PUMP CLOCK DIV CP_CLK_DIV
0x71- 13-
0x73 15 RESERVED RESERVED
PLL_CLK_ SEL_PLL_CLK_ EN_PLL_CLK_
0x74 116 PLL CLOCK SELECT RESERVED PHASE_INV N RESERVED N RESERVED
0x75 17 PLLVCO &CP RESERVED PLL_CP_BIAS_SEL PLL_CP_EN PLL_VCO_EN PLL*CEL’\TSMP’ PLL_DIG_RSTB
0x76 118 PLL REGULATOR RESERVED PLL_REG_EN PLL_REG_LN RESERVED
0x77 119 PLL_CLK_FB_DIV
0x78 120 PLL FEEDBACK DIV PLL_CLK_FB_DIV
0x79 121 PLL_CLK_FB_DIV
0x7A 122 PLL_CLK_IN_DIV
PLL_FB_DIV_ PLL_CLK_IN_
0x7B 123 PLLIN & OUT DIV PLL_CLK_OUT_DIV RESERVED LOAD ‘ DIV
PLL_CLK_OUT_
0x7C 124 RESERVED DIV_PHASE EN RESERVED
0x7D 125 PLL VCO CONTROL 1 RESERVED | VCO_IB_AMP_CTRL
Ox7E- 126-
0x82 130 RESERVED RESERVED
ASP_DAC ASP_DAC_MEM ASP_SPL ASP_PROG ASP_ADC_MEM ASP_ADC
0x83 131 ASP CONTROL CORiEfENi :FLUgH FLAS:U_'\ITEG_ RESERVED SOUIiCE?SEiL :FLUgH ASP_PROG_EN COIiE?ENﬁ
ASP_DAC_ ASP_DAC_ ASP_ADC_ ASP_ADC_
084 132 ASP BYPASS RESERVED BYPASS_CH2 BYPASS_CH1 RESERVED BYPASS_CH2 BYPASS_CH1
0x85 133 RESERVED RESERVED
ASP_DAC_ ASP_ADC_
0x86 134 ASP PAIRED MODE RESERVED PAIRED_MODE PAIRED_MODE RESERVED ASP_CORE_READ_SEL
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ASP_DAC_IN3_ ASP_DAC_IN3_ ASP_ADC_IN3_ ASP_ADC_IN3_
0x87 135 ASP INPUT3 SELECT RESERVED SEL_CH2 SEL_CH1 RESERVED SEL_CH2 SEL_CH1
ASP_DAC_IN3_ ASP_ADC_IN3_ ASP_DAC_ ASP_ADC_
0x88 136 ASP PRAM WRITE EN MIX_SEL MIX_SEL RESERVED PRAM_WE PRAM_WE
ASP_DAC_ ASP_DAC_ ASP_ADC_ ASP_ADC_
0x89 137 ASP COEFF DATA WRITE EN RESERVED COEFF_DATA_ COEFF_DATA_ RESERVED COEFF_DATA_ COEFF_DATA_
WE_CH2 WE_CH1 WE_CH2 WE_CH1
0x8A 138 ASP PROG MEM ADDR ASP_PROG_MEM_ADDR
0x8B 139 ASP_PROG_MEM_DATA
0x8C 140 ASP_PROG_MEM_DATA
0x8D 141 ASP PROG MEM DATA ASP_PROG_MEM_DATA
0x8E 142 ASP_PROG_MEM_DATA
0x8F 143 DMA_DATA2
0x90 144 DMA_DATA2
0x91 145 DMA DATAZ DMA_DATA2
0x92 146 DMA_DATA2
0x93 147 DMA_DATA3
0x94 148 DMA_DATA3
0x95 149 DMA DATAS DMA_DATA3
0x96 150 DMA_DATA3
0x97 151 DMA_DATA4
0x98 152 DMA_DATA4
0x99 153 DMADATA4 DMA_DATA4
0x9A 154 DMA_DATA4
0x9B 155 DMA_DATAS
0x9C 156 DMA_DATAS
0x9D 157 DMADATAS DMA_DATAS
0x9E 158 DMA_DATAS
0x9F 159 DMA_DATA6
0xA0 160 DMA_DATA6
0xA1 161 DMA DATAG DMA_DATA6
0xA2 162 DMA_DATA6
0xA3 163 DMA_DATA7
0xA4 164 DMA_DATA7
0xA5 165 DMADATA DMA_DATA7
0xA6 166 DMA_DATA7
OxA7 167 DMA_DATA8
0xA8 168 DMA_DATA8
0xA9 169 DMA DATAS DMA_DATA8
O0xAA 170 DMA_DATA8
DMA_DAC_ DMA_DAC_ DMA_ADC_ DMA_ADC_
0xAB 171 DMA CORE MASK RESERVED CORE_MASK_ CORE_MASK_ RESERVED CORE_MASK_ CORE_MASK_
CH2 CH1 CH2 CH1
DMA_DATA8_ DMA_DATA7_ DMA_DATA6_ DMA_DATAS5_ DMA_DATA4_ DMA_DATA3_ DMA_DATA2_ DMA_DATA1_
0xAC 172 DMA WRITE EN WE WE WE WE WE WE WE WE
SPI_M_SEND_
0xAD 173 SPI MASTER CONFIG SPI_M_PULSE_WIDTH SPI_M_EN SPI_M_MODE BYTE SPI_M_START
0XAE 174 SPI MASTER DATA OUT SPI_M_DATA_O
DOP_DEC_ TDM_DEC_ TDM_ENC_
0xEO 224 CODEC VALIDITY READ RESERVED INPUT_DATA_FORMAT_SEL_OVR VALID VALID VALID PLL_LOCKED
0xE1 225 CHIPID CHIP_ID
OxE2- 226-
OXET 231 RESERVED RESERVED
EN 64FS MCLK_128FS_
0xE8 232 AUTO FS READ - .y HALF_DIV_ MCLK_128FS_DIV_AUTO
MODE_AUTO
AUTO
0xE9 233 CLOCK VALIDITY RATIO_VALID BCK_INVALID WS_INVALID AUTO_CH_NUM
OxEA 234 JACK DETECT READBACK RESERVED | JDET_READ | RESERVED
0xEB 235 TEMP SENSE READ TSENSE_DATA
0xEC 236 GPIO READBACK RESERVED GPIO7_R GPIO6_R GPIO5_R GPIO4_R GPIO3_R GPIO2_R GPIO1_R
ADC_ ADC_ ADC_ ADC_
0xED 237 ADC CLIP DETECT FLAGS OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_ Pi’;ﬁ’%ﬁf - Pi’;ﬁ’%ﬁf’ PEA%’:;AG’ PEA%::'AG’
FLAG_LAT_CH2 FLAG_LAT_CH1 FLAG_CH2 FLAG_CH1 - -
OxEE 238 PEAK_LEVEL_CH1
OxEF 239 PEAK CH1READ PEAK_LEVEL_CH1
0xFO 240 PEAK_LEVEL_CH2
0xF1 241 PEAK CH2 READ PEAK_LEVEL_CH2
SS_RAMP_ SS_RAMP_ SS_RAMP_UP_ SS_RAMP_UP_ AUTOMUTE_ AUTOMUTE_
0xF2 242 DAC STATUS FLAGS DOWN_CH2 ’ DOWN_CH1 ‘ CH2 ‘ CH1 ’ CH2 ’ CH1 ‘ VOL_MIN_CH2 VOL_MIN_CH1
OxF3- 243-
OxF4 244 RESERVED RESERVED
SPI_M_ASP_
0xF5 245 SPI MASTER BUSY PROG_BUSY ‘ RESERVED
0xF6- 246-
O0xFB 251 RESERVED RESERVED
0xFC 252 SPI MASTER DATA IN SPI_M_DATA_|
Table 48 - Register Map
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Register Listing
System Registers
Register 0: SYS CONFIG
Bits [7] [6] [5] [3] 2] [1] [0]
Default | 1'b0 1'b0 1'b1 1'b0 1'b0 1'b0 1'b0 1'b0
Bits Mnemonic Description
[7] SOFT_RESET Performs soft reset to digital core, resetting registers to their
power-on defaults.
Note: When performing a Soft Reset, write 0xA0 to Register 0 to
ensure EN_MCLK_IN = 1'b1.
[6] RESERVED N/A
[5] EN_MCLK_IN Enables clock inputs to the digital core.

e 1'b0: Disabled
e 1'b1: Enabled (default)

[4]

SEL_MCLK_SRC

Selects digital core and ADC clock source when EN_MCLK_IN
is set.

e 1'b0: ACLK (default)

e 1b1:PLL_CLK

[3]

ENABLE_DAC_CH2

Enables the DAC CH2 interpolation path.
e 1'b0: Disabled (default)
e 1'b1: Enabled

2]

ENABLE_DAC_CH?1

Enables the DAC CH1 interpolation path.
e 1'b0: Disabled (default)
e 1'b1: Enabled

[1]

ENABLE_ADC_CH2

Enables the ADC CH2 decimation path.
e 1'b0: Disabled (default)
e 1'b1: Enabled

[0]

ENABLE_ADC_CH?1

Enables the ADC CH1 decimation path.
e 1'b0: Disabled (default)
e 1'b1: Enabled
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Register 1: FS CONFIG

Bits [7:5] [4] [3] [2] [1] [0]

Default | 3'b000 1'b0 1'd0 1'b0 1'b0 1'b1

Bits Mnemonic Description

[7:5] RESERVED N/A

[4] ADC_MONO_MODE Enables ADC mono mode, summing CH1 and CH2 onto the

CH1 path.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[3] RESERVED N/A

[2] ENABLE_64FS_MODE Enables 64FS mode for 768k sample rate.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[1] AUTO_FS_DETECT_BLOCK_64FS Block AUTO_FS_DETECT from transitioning to 64FS mode
when the detected MCLK/MCLK_128FS ratio is 64.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[0] AUTO_FS_DETECT Automatically determine optimal MCLK/MCLK_128FS ratio,
from detected FS.

e 1'b0: Disabled, use MCLK_128FS_DIV to set ratio.

e 1'b1: Enabled, overrides MCLK_128FS_DIV (default)
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Register 2: ENCODER CONFIG
Bits [7] [6] [5] [4] [3:1] [0]
Default | 1'b0 1'00 1'00 1'v1 3'd0 1'01
Bits Mnemonic Description
[7] ENABLE_PDM_DECODE Enables PDM decoding.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[6] ENABLE_DSD_DECODE Enables DSD decoding.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[5] ENABLE_DOP_DECODE Enables DoP decoding.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[4] ENABLE_TDM_DECODE Enables the PCM/TDM decoding clock.
e 1'b0: Disabled

e 1'b1: Enabled (default)

[3:1] RESERVED N/A

[0] ENABLE_TDM_ENCODE Enables the PCM/TDM encoding clock.
e 1'b0: Disabled

e 1'b1: Enabled (default)

Register 3: INPUT & OUTPUT SELECT

Bits [7 [6] [5:3] [2:1] [0]
Default | 1'b0 1'00 3'd0 2'b00 1'00
Bits Mnemonic Description

[7 ENABLE_SPDIF_ENCODE Enables the S/PDIF encoding clock.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[6] ENABLE_PDM_MIC_DECODE Enables PDM microphone decoding clock.
e 1'b0: Disabled (default)

e 1'b1: Enabled

[5:3] RESERVED N/A

[2:1] INPUT_DATA_FORMAT_SEL Select which digital input format to use.
e 2'b00: PCM (default)

e 2'b01: DoP

e 2b10: DSD

e 2b11: PDM

[0] RESERVED N/A
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Register 4: FRONT-END CLOCK CONTROL
Bits [7] [6] [5:0]
Default | 1'd0 1'00 6'd3
Bits Mnemonic Description
[7] RESERVED N/A

[6]

MCLK_128FS_HALF_DIV

e 1'b0: Divide by SELECT_ADC_NUM + 1 (default)
e 1'b1: Divide by half of SELECT_ADC_NUM + 1
Note: Can only produce half of an odd number divide

[5:0] MCLK_128FS_DIV Whole number divide value + 1 for MCLK_128FS
(MCLK/divide_value).
e 6'd0: Whole number divide value + 1 =1
e 6'd3: Whole number divide value + 1 = 4 (default)

Register 5: BACK-END CLOCK CONTROL

Bits [7:5] [4] [3:0]

Default | 3'b000 1'00 4'1000

Bits Mnemonic Description

[7:5] RESERVED N/A

[4] MCLK_24M_DIV2 Sets the rate of MCLK_24M as well as the analog ADC_CLK,
relative to MCLK.
Both clocks must be running at 22.5792 MHz or 24.576 MHz.
e 1'b0: Rate = MCLK (default)
e 1'b1: Rate = MCLK/2

[3:0] RESERVED N/A

Register 6: MASTER CLK CONFIG

Bits [7:0]

Default | 8'd7

Bits Mnemonic Description

[7:0] MASTER_DCLK_DIV Master mode DCLK and WS generation clock divider.

Whole number divide value + 1 for CLK_BCK_WS_GEN
(MCLK/divide_value).
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Register 7: MISC CLOCK CONFIG
Bits [7] [6] [5:4] [3] 2] [1] [0]
Default | 1'b0 1'00 2'b00 1'b1 1'01 1'b0 1'00
Bits Mnemonic Description
[7] JDET_EN Enable jack detection.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[6] TSENSE_EN Enable temperature sensor.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[5:4] RESERVED N/A

[3]

ENABLE_WS_MONITOR

Enable WS monitor, used to detect the validity of the WS signal.
WS is considered invalid if BCK/WS > 1024.

e 1'b0: Disabled

e 1'b1: Enabled (default)

2]

ENABLE_BCK_MONITOR

Enable BCK monitor, used to detect the validity of the BCK
signal.

BCK is considered invalid if MCLK/BCK > 256.

e 1'b0: Disabled

e 1'b1: Enabled (default)

[1]

FORCE_PLL_LOCK

Clock locking status control with PLL_LOCKED.
e 1'b0: clock locking status is determined by PLL_LOCKED
e 1'b1: Ignore PLL_LOCKED signal, set lock status to 1'b1

[0]

CLK_FAULT_DET_EN

Enable the clock detection circuit, sets the CLK_AVALID signal.
e 1'b0: Disabled (default)
e 1'b1: Enabled

1M
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Register 8: MASTER MODE CONFIG

Bits [7] [6] [5] [3] 2] [1] [0]
Default | 1'b0 1'd0 1'b1 1'00 1'00 101 1'd0 1'00
Bits Mnemonic Description

[7]

SLAVE_DCLK_INVERT

Inverts the DCLK input on DATA_CLK.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[6]

RESERVED

N/A

[3]

MASTER_WS_CLK_PHASE

Determines the CLK_BCK edge DATA_WS (GPIO2) is output
on, in master mode.

e 1'b0: Negative edge

e 1'b1: Positive edge (default)

Note: MASTER_BCK_INVERT inverts this logic.

[4]

MASTER_WS_PULSE_MODE

When enabled, master WS is a 1 BCK pulse signal instead of a
50% duty cycle signal.

e 1'b0: 50% duty cycle WS signal (default)

e 1'b1: Pulse WS signal

[3]

MASTER_WS_INVERT

Inverts master WS output on DATA1.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

2]

MASTER_BCK_INVERT

Inverts master BCK output on DATA_CLK.
e 1'b0: Non-inverted
e 1'b1: Inverted (default)

[1]

DSD_MASTER_MODE_EN

Enables DSD master mode, generating DCLK
e 1'b0: Disabled, slave mode (default)
e 1'b1: Enabled

[0]

PCM_MASTER_MODE_EN

Enables PCM master mode, generating BCK and WS.
e 1'b0: Disabled, slave mode (default)
e 1'b1: Enabled
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Register 9: TDM CONFIG 1
Bits [7] [6] [5] [4:0]
Default | 1'b0 1'00 1'00 5'd1
Bits Mnemonic Description
[7] RESERVED N/A

[6]

AUTO_CH_DETECT

Automatically determine the number of TDM channels in a

sample, based on the BCK/WS ratio.

e 1'b0: Disabled, use TDM_CH_NUM to set channels
(default)

e 1'b1: Enabled, overrides TDM_CH_NUM

Note: Only active in TDM slave mode.

[5] RESERVED N/A
[4:0] TDM_CH_NUM Sets number of channels in each frame.
e 5'd0: 1 channel
e 5'd1: 2 channels (default)
e 5'd31: 32 channels
Register 10: TDM CONFIG 2
Bits [71 [6] [5:4] [3:2] [1] [0]
Default | 1'd0 1'b0 2'b00 2'b00 1'b0 1'b0
Bits Mnemonic Description
[71 RESERVED N/A
[6] NOISE_FLOOR_SHAPE_16BIT Sets the shape of the 16-bit PCM/TDM noise floor.
e 1'b0: 1st order noise shaping (default)
e 1'b1: Flat noise shaping
[5:4] TDM_WORD_WIDTH Sets the width, in bits, of one data word / subframe.
A subframe is a frame divided by the number of channels.
e 2'b00: 32-bits (default)
e 2'b01: 24-bits
e 2'b10: 16-bits
[3:2] TDM_BIT_DEPTH Sets the bit depth, number of data bits, in one data word /

subframe.

e 2'b00: 32-bit (default)
o 2'b01: 24-bit

e 2'b10: 16-bit

[1]

TDM_VALID_EDGE

Sets which WS edge the frame starts on.
e 1'b0: Frame starts on negedge of WS (default)
e 1'b1: Frame starts on posedge of WS

[0]

TDM_LJ

Sets left-justified mode.
e 1'b0: One BCK period delay (default)
o 1'b1: Left-justified
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Register 11: TDM ENC CH1 SLOT CONFIG
Bits [7:5] [4:0]
Default | 3'd0 5'd0
Bits Mnemonic Description
[7:5] RESERVED N/A
[4:0] TDM_ENC_SLOT_SEL_CH1 Selects which TDM channel slot is filled by the CH1 data.
e 5'd0: Slot 1 (default)
e 5'd31: Slot 32
Register 12: TDM ENC CH2 SLOT CONFIG
Bits [7:5] [4:0]
Default | 3'd0 5'd1
Bits Mnemonic Description
[7:5] RESERVED N/A
[4:0] TDM_ENC_SLOT_SEL_CH2 Selects which TDM channel slot is filled by the CH2 data.
e 5'd0: Slot 1
e 5'd1: Slot 2 (default)
e 5'd31: Slot 32
Register 13: TDM DEC CH1 SLOT CONFIG
Bits [7:5] [4:0]
Default | 3'd0 5'd0
Bits Mnemonic Description
[7:5] RESERVED N/A
[4:0] TDM_DEC_SLOT_SEL_CH1 Selects which TDM channel slot is latched into CH1.
e 5'd0: Slot 1 (default)
e 5'd31: Slot 32
Register 14: TDM DEC CH2 SLOT CONFIG
Bits [7:5] [4:0]
Default | 3'd0 5'd1
Bits Mnemonic Description
[7:5] RESERVED N/A
[4:0] TDM_DEC_SLOT_SEL_CH2 Selects which TDM channel slot is latched into CH2.
e 5'd0: Slot 1
e 5'd1: Slot 2 (default)
e 5'd31: Slot 32
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Register 15: TDM ENC DAISY CHAIN
Bits [7] [6:5] [4:0]
Default | 1'b0 2'd0 5'd0
Bits Mnemonic Description
[7] TDM_ENC_DAISY_CHAIN Enables TDM encoder daisy chain mode.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[6:5] RESERVED N/A

[4:0] TDM_ENC_DATA_LATCH_ADJ Adjusts the position of the MSB within each TDM slot by
TDM_DATA_LATCH_ADJ clock cycles.

e 5'd0: Normal position

e 5'd1-31: Data output TDM_ENC_DATA_LATCH_ADJ BCKs

early
Register 16: TDM DEC DAISY CHAIN
Bits [7] [6:5] [4:0]
Default | 1'b0 2'd0 5'd0
Bits Mnemonic Description
[7] TDM_DEC_DAISY_CHAIN Enables TDM decoder daisy chain mode.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[6:5] RESERVED N/A

[4:0] TDM_DEC_DATA_LATCH_ADJ Adjusts the position of the MSB within each TDM slot by

TDM_DATA_LATCH_ADJ clock cycles.

DAC data sampling is delayed from the normal position.

e 5'd0: Normal position

e 5'd1-31: DAC_TDM_DATA_LATCH_ADJ BCKs delay
before sampling data
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Register 17: DSD MAPPING
Bits [7:6] [5] [4] [3:0]
Default | 2'd0 1'b1 1'b0 4'd0
Bits Mnemonic Description
[7:6] RESERVED N/A
[5] DSD_LINE_SEL_CH?2 Selects the source for the DAC CH2 DSD data.
o 1'b0: DATA4
o 1'b1: DATAS (default)
[4] DSD_LINE_SEL_CH1 Selects the source for the DAC CH1 DSD data.
e 1'b0: DATA4 (default)
o 1'01: DATAS
[3:0] RESERVED N/A
Register 18: PDM I/0 CONFIG
Bits [7] [6] [5] [4] [3:0]
Default | 1'd0 1'b1 1'b0 1'b0 4'd0
Bits Mnemonic Description
[71 RESERVED N/A
[6] PDM_DEC_SAMPLE_EDGE Sets the edge of DATA_CLK where the PDM sample
increments.
e 1'b0: Rising edge
e 1'b1: Falling edge (default)
[5] PDM_DEC_DATA_PHASE Selects the CH input edges of the PDM decoder.
e 1'b0: CH1 on the rising edge of DATA_CLK, CH2 on the
falling edge (default)
e 1'b1: CH2 on the rising edge of DATA_CLK, CH1 on the
falling edge
[4] PDM_DEC_2X_GAIN_EN Sets the overall datapath gain of the PDM decoder path.
e 1'b0: 1x gain (default)
e 1'b1:2x gain
[3:0] RESERVED N/A
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Register 19: PDM MIC CONFIG
Bits [7:3] [2] [1] [0]
Default | 5'd0 1'b1 1'00 1'b0
Bits Mnemonic Description
[7:3] RESERVED N/A
[2] PDM_MIC_SAMPLE_EDGE Sets the edge of PDM_CLK where the PDM sample increments.
e 1'b0: Rising edge
e 1'b1: Falling edge (default)
1] PDM_MIC_DATA_PHASE Selects the CH output edges of the PDM encoder.
e 1'b0: CH1 on the rising edge of DCLK, CH2 on the falling
edge (default)
e 1'b1: CH2 on the rising edge of DCLK, CH1 on the falling
edge
[0] PDM_MIC_IN_SEL Selects the input to the ADC datapath.
e 1'b0: Analog input to datapath (default)
e 1'01: PDM input to datapath
Register 20: PDM MIC CLK SELECT
Bits [7] [6:0]
Default | 1'b0 7'd3
Bits Mnemonic Description
[71 RESERVED N/A
[6:0] MCLK_PDM_MIC _DIV Frequency divider for the PDM microphone clock, PDM_CLK.
Overidden by AUTO_FS_DETECT, sets MCLK_PDM_MIC _DIV
= MCLK_128FS_DIV_AUTOJ[3:0].
e 7'd0:2* (PDM_MIC_CLK_DIV + 1) =DIV2
e 7'd3:2* (PDM_MIC_CLK_DIV + 1) = DIV8 (default)
PDM_CLK [Hz] = MCLK
SOz = S PO MIc clk DV + D
Register 21: S/IPDIF DATA SELECT
Bits [7:1] [0]
Default | 7'd0 1'b0
Bits Mnemonic Description
[7:1] RESERVED N/A

[0]

SPDIF_DATA_SOURCE

Selects the data source for the S/PDIF encoder.
e 1'b0: Output of the pcm_vol block (default)
e 1'b1: Output of the TDM decoder

Note: The TDM decoder output is bit perfect.

17
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Register 22: S/PDIF CS ADDR
Bits [7] [5:3] [2:0]
Default | 1'b0 4'd0 3'd0
Bits Mnemonic Description
[7] SPDIF_CS_WE Write enable for the S/PDIF channel status bits.
Writes the SPDIF_CS_DATA to the byte at address
SPDIF_CS_BYTE_SEL.
Toggle high-low to perform a write.
[5:3] RESERVED N/A
[2:0] SPDIF_CS_BYTE_ADDR Byte of the 40-bit S/PDIF Channel Status to write to.
Register 23: S/PDIF CS DATA
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] SPDIF_CS_BYTE_DATA Data to write into the 40-bit S/PDIF Channel Status.
Register 24: VOLUME UP RAMP RATE
Bits [7:0]
Default | 8'h20
Bits Mnemonic Description
[7:0] VOL_RAMP_RATE_UP Linear step size from current volume to target volume,

represented as a fraction of full-scale.
VOL_RAMP_RATE_UP

212

ramp_steplinc/sample] =

8'h00: Instant change
8'h01: Slowest change
8'h20: Default

8'hFF: Fastest change
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Register 25: VOLUME DOWN RAMP RATE
Bits [7:0]
Default | 8'h20
Bits Mnemonic Description
[7:0] VOL_RAMP_RATE_DOWN Linear step size from current volume to target volume,

represented as a fraction of full-scale.

VOL_RAMP_RATE_DOWN

ramp_step[dec/sample] =

212

e 8'h00: Instant change

e 8'h01: Slowest change

e 8h20: Default

o 8'hFF: Fastest change

Register 26: VOLUME RAMP SPEED

Bits [7:1] [0]
Default | 7'd0 1'b0
Bits Mnemonic Description
[7:1] RESERVED N/A

[0]

VOL_RAMP_SPEED_SEL

Select the range of ramp rates.
e 1'b0: 85ms to 334us (default)
o 1'b1:682ms to 2.70ms
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Register 29-27: RESERVED
Register 30: STATUS BITS MASK
Bits [7] [6] [5:4] [3] 2] [1] [0]
Default | 1'd0 1'b0 2'b00 1'b0 1'00 1'00 1'b0
Bits Mnemonic Description
[71 RESERVED N/A
[6] MASK_JDET Masks the latched Jack Detect status bit.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled
[5:4] RESERVED N/A

[3]

MASK_ADC_OVERLOAD_CH2

Masks the latched ADC_OVERLOAD status bit on ADC CH2.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled

2]

MASK_ADC_OVERLOAD_CH1

Masks the latched ADC_OVERLOAD status bit on ADC CH1.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled

[1]

MASK_PEAK_DET_CH2

Masks the latched PEAK_FLAG status bit on ADC CH2.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled

[0]

MASK_PEAK_DET_CH1

Masks the latched PEAK_FLAG status bit on ADC CH1.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled
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Register 31: STATUS BITS CLEAR
Bits [7] [6] [5:4] [3] 2] [1] [0]
Default | 1'd0 1'b0 2'b00 1'b0 1'00 1'00 1'b0
Bits Mnemonic Description
[71 RESERVED N/A
[6] CLEAR_JDET Clears the latched Jack Detect status bit.
e 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared
[5:4] RESERVED N/A

[3]

CLEAR_ADC_OVERLOAD_CH2

Clears the latched ADC_OVERLOAD status bit on ADC CH2.
e 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared

2]

CLEAR_ADC_OVERLOAD_CH1

Clears the latched ADC_OVERLOAD status bit on ADC CH1.
e 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared

[1]

CLEAR_PEAK_DET_CH2

Clears the latched PEAK_FLAG status bit on ADC CH2.
e 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared

[0]

CLEAR_PEAK_DET_CH1

Clears the latched PEAK_FLAG status bit on ADC CH1.
e 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared

Register 48-32: RESERVED
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GPIO Registers

Register 49: GPIO1/2 CONFIG

Bits [7:4] [3:0]

Default | 4'd0 4'd0

Bits Mnemonic Description

[7:4] GPIO2_CFG

Configure GPI02 functionality.

4'd0: Analog outputs off - shutdown (default)
4'd1: Mute DAC Channels - input

4'd2: Clock valid flag - output

4'd3: PLL locked flag - output

4'd4: DAC Minimum Volume flag - output
4'd5: DAC Automute status - output
4'd6: DAC Soft Ramp Done flag - output
4'd7: ADC Detection flag - output

4'd8: OR of Status Bits - output

4'd9: S/PDIF Stream - output

4'd10: PWM signal - output

4'd11: ASP Status - Input

4'd12: ASP Status - Output

4'd13: Output 0 - output

4'd14: Reserved

4'd15: JDET Flag - output

[3:0] GPIO1_CFG

Configure GPIO1 functionality.

4'd0: Analog outputs off - shutdown (default)
4'd1: Mute DAC Channels - input

4'd2: Clock valid flag - output

4'd3: PLL locked flag - output

4'd4: DAC Minimum Volume flag - output
4'd5: DAC Automute status - output
4'd6: DAC Soft Ramp Done flag - output
4'd7: ADC Detection flag - output

4'd8: OR of Status Bits - output

4'd9: S/PDIF Stream - output

4'd10: PWM signal - output

4'd11: ASP Status - Input

4'd12: ASP Status - Output

4'd13: Output 0 - output

4'd14: Reserved

4'd15: JDET Flag - output
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Register 50: GP103/4 CONFIG

Bits [7:4] [3:0]
Default | 4'd0 4'd0
Bits Mnemonic Description

[7:4] GPIO4_CFG

Configure GPI104 functionality.

4'd0: Analog outputs off - shutdown (default)
4'd1: Mute DAC Channels - input

4'd2: Clock valid flag - output

4'd3: PLL locked flag - output

4'd4: DAC Minimum Volume flag - output
4'd5: DAC Automute status - output
4'd6: DAC Soft Ramp Done flag - output
4'd7: ADC Detection flag - output

4'd8: OR of Status Bits - output

4'd9: S/PDIF Stream - output

4'd10: PWM signal - output

4'd11: ASP Status - Input

4'd12: ASP Status - Output

4'd13: Output 0 - output

4'd14: Reserved

4'd15: JDET Flag - output

[3:0] GPIO3_CFG

Configure GPIO3 functionality.

4'd0: Analog outputs off - shutdown (default)
4'd1: Mute DAC Channels - input

4'd2: Clock valid flag - output

4'd3: PLL locked flag - output

4'd4: DAC Minimum Volume flag - output
4'd5: DAC Automute status - output
4'd6: DAC Soft Ramp Done flag - output
4'd7: ADC Detection flag - output

4'd8: OR of Status Bits - output

4'd9: S/PDIF Stream - output

4'd10: PWM signal - output

4'd11: ASP Status - Input

4'd12: ASP Status - Output

4'd13: Output 0 - output

4'd14: Reserved

4'd15: JDET Flag - output
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Register 51: GPI05/6 CONFIG

Bits [7:4] [3:0]
Default | 4'd0 4'd0

Bits Mnemonic Description

[7:4] GPIO6_CFG Configure GPIO6 functionality.

4'd0: Analog outputs off - shutdown (default)
4'd1: Mute DAC Channels - input

4'd2: Clock valid flag - output

4'd3: PLL locked flag - output

4'd4: DAC Minimum Volume flag - output
4'd5: DAC Automute status - output
4'd6: DAC Soft Ramp Done flag - output
4'd7: ADC Detection flag - output

4'd8: OR of Status Bits - output

4'd9: S/PDIF Stream - output

4'd10: PWM signal - output

4'd11: ASP Status - Input

4'd12: ASP Status - Output

4'd13: Output 0 - output

4'd14: Reserved

4'd15: JDET Flag - output

[3:0] GPIO5_CFG Configure GPIO5 functionality.

4'd0: Analog outputs off - shutdown (default)
4'd1: Mute DAC Channels - input

4'd2: Clock valid flag - output

4'd3: PLL locked flag - output

4'd4: DAC Minimum Volume flag - output
4'd5: DAC Automute status - output
4'd6: DAC Soft Ramp Done flag - output
4'd7: ADC Detection flag - output

4'd8: OR of Status Bits - output

4'd9: S/PDIF Stream - output

4'd10: PWM signal - output

4'd11: ASP Status - Input

4'd12: ASP Status - Output

4'd13: Output 0 - output

4'd14: Reserved

4'd15: JDET Flag - output
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Register 52: GP107/8 CONFIG

Bits [7:4] [3:0]

Default | 4'd0 4'd0

Bits Mnemonic Description

[7:4] RESERVED N/A

[3:0] GPIO7_CFG Configure GPIO7 functionality.

4'd0: Analog outputs off - shutdown (default)
4'd1: Mute DAC Channels - input

4'd2: Clock valid flag - output

4'd3: PLL locked flag - output

4'd4: DAC Minimum Volume flag - output
4'd5: DAC Automute status - output
4'd6: DAC Soft Ramp Done flag - output
4'd7: ADC Detection flag - output

4'd8: OR of Status Bits - output

4'd9: S/PDIF Stream - output

4'd10: PWM signal - output

4'd11: ASP Status - Input

4'd12: ASP Status - Output

4'd13: Output 0 - output

4'd14: Reserved

4'd15: JDET Flag - output
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Register 53: GPIO INPUT ENABLE
Bits [7] [6] [5] [4] [3] 2] [1] [0]
Default | 1'd0 1'b0 1'00 1'00 1'00 1'00 1'00 1'b0
Bits Mnemonic Description
[7] RESERVED N/A
[6] GPIO7_SDB e 1'00: GPIO7 input disabled (default)
e 1'b1: GPIO7 input enabled
[5] GPIO6_SDB e 1'b0: GPIOG input disabled (default)
e 1'b1: GPIOG input enabled
[4] GPIO5_SDB e 1'00: GPIO5 input disabled (default)
e 1'b1: GPIO5 input enabled
[3] GPIO4_SDB e 1'b0: GPIO4 input disabled (default)
e 1'b1: GPIO4 input enabled
[2] GPIO3_SDB e 1'b0: GPIO3 input disabled (default)
e 1'b1: GPIO3 input enabled
[1] GPI02_SDB e 1'b0: GPIO2 input disabled (default)
e 1'b1: GPIO2 input enabled
[0] GPIO1_SDB e 1'00: GPIO1 input disabled (default)
e 1'b1: GPIO1 input enabled
Register 54: GPIO OUTPUT ENABLE
Bits [7] [6] [5] [4] [3] 2] [] [0]
Default | 1'd0 1'b0 1'b0 1'b0 1'00 1'00 1'00 1'b0
Bits Mnemonic Description
7 RESERVED N/A
[6] GPIO7_OE e 1'b0: Tristate GPIO7 output (default)
e 1'b1: GPIO7 output enabled
[5] GPIO6_OE e 1'b0: Tristate GPIO6 output (default)
e 1'b1: GPIOG6 output enabled
[4] GPIO5_OE e 1'b0: Tristate GPIO5 output (default)
e 1'b1: GPIO5 output enabled
[3] GPIO4_OE e 1'b0: Tristate GPIO4 output (default)
e 1'b1: GPIO4 output enabled
[2] GPIO3_OE e 1'b0: Tristate GPIO3 output (default)
e 1'b1: GPIO3 output enabled
1] GPIO2_OE e 1'b0: Tristate GP102 output (default)
e 1'b1: GPIO2 output enabled
[0] GPIO1_OE e 1'b0: Tristate GPIO1 output (default)
e 1'b1: GPIO1 output enabled
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Register 55: GPIO INVERT
Bits [7] [6] [5] [3] 2] [1] [0]
Default | 1'd0 1'b0 1'b0 1'b0 1'b0 1'00 1'00 1'b0
Bits Mnemonic Description
[71 RESERVED N/A
[6] GPIO7_INV Invert the GPIO7 input and output.
e 1'00: Non-inverted (default)
o 1'b1: Inverted
[5] GPIO6_INV Invert the GPIO6 input and output.
e 1'v0: Non-inverted (default)
e 1'b1: Inverted
[4] GPIO5_INV Invert the GPIOS input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted
[3] GPIO4_INV Invert the GP104 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted
[2] GPIO3_INV Invert the GPIO3 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted
[1] GPIO2_INV Invert the GPIO2 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted
[0] GPIO1_INV Invert the GPIO1 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted
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Register 56: GPIO WEAK KEEPER
Bits [7] [6] [5] [4] [3] 2] [1] [0]
Default | 1'd0 1'b0 1'00 1'00 1'00 1'00 1'00 1'b0
Bits Mnemonic Description
[7] RESERVED N/A
[6] GPIO7_WK_EN e 1'b0: GPIO7 weak keeper disabled (default)
e 1'b1: GPIO7 weak keeper enabled
[5] GPIO6_WK_EN o 1'b0: GPIO6 weak keeper disabled (default)
e 1'b1: GPIO6 weak keeper enabled
[4] GPIO5_WK_EN e 1'b0: GPIO5 weak keeper disabled (default)
e 1'b1: GPIO5 weak keeper enabled
[3] GPIO4_WK_EN e 1'b0: GPIO4 weak keeper disabled (default)
e 1'b1: GPIO4 weak keeper enabled
[2] GPIO3_WK_EN e 1'b0: GPIO3 weak keeper disabled (default)
e 1'b1: GPIO3 weak keeper enabled
[1] GPIO2_WK_EN e 1'b0: GPIO2 weak keeper disabled (default)
e 1'b1: GPIO2 weak keeper enabled
[0] GPIO1_WK_EN e 1'b0: GPIO1 weak keeper disabled (default)
e 1'b1: GPIO1 weak keeper enabled

Register 57: GPIO READ

Bits [7] [6] [5] [4] 3] 2] [] [0]
Default | 1'd0 1'b0 1'b0 1'b0 1'00 1'00 1'00 1'b0
Bits Mnemonic Description
[7] RESERVED N/A
[6] GPIO7_READ e 1'b0: GPIO7 input readback disabled (default)
e 1'b1: Allows readback of GPIO7 input
[5] GPIO6_READ e 1'b0: GPIOG input readback disabled (default)
o 1'b1: Allows readback of GPIO6 input
[4] GPIO5_READ e 1'b0: GPIO5 input readback disabled (default)
e 1'b1: Allows readback of GPIO5 input
[3] GPIO4_READ e 1'b0: GPIO4 input readback disabled (default)
o 1'b1: Allows readback of GPIO4 input
[2] GPIO3_READ e 1'b0: GPIO3 input readback disabled (default)
e 1'b1: Allows readback of GPIO3 input
1] GPIO2_READ e 1'b0: GPIO2 input readback disabled (default)
e 1'b1: Allows readback of GPIO2 input
[0] GPIO1_READ e 1'b0: GPIO1 input readback disabled (default)
e 1'b1: Allows readback of GPIO1 input
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Register 58: GPIO ADC FLAG CONFIG
Bits [7] [6] [5] [3] 2] (1] [0]
Default | 1'b0 1'00 1'b1 1'b1 1'00 1'00 1'00 1'b0
Bits Mnemonic Description
[7] RESERVED N/A

[6]

ADC_FLAG_CH_SEL

Outputs a specific channel's flag if the corresponding
GPIO_AND and GPIO_OR are not set.
e 1'b0: Outputs status/flag from CH1
e 1'b1: Outputs status/flag from CH2

[3]

GPIO_OR_OVERLOAD

Sets the GPIO_CFG "ADC Dectection Flag" output as the

bitwise OR of all channel statuses.

e 1'b0: Disabled

e 1'b1: Enabled, GPIO_CFG output is (|adc_overload_flag)
(default)

[4]

GPIO_OR_PEAK_DET

Sets the GPIO_CFG "ADC Detection Flag" output as the bitwise

OR of all channel statuses.

e 1'b0: Disabled

e 1'b1: Enabled, GPIO_CFG output is (Jadc_peak_flag)
(default)

[3]

GPIO_AND_OVERLOAD

Sets the GPIO_CFG "ADC Detection Flag" output as the bitwise
AND of all channel statuses.

e 1'b0: Disabled (default)

e 1'b1: Enabled, GPIO_CFG output is (&adc_overload_flag)
Note: Overridden by GPIO_OR_OVERLOAD

2]

GPIO_AND_PEAK_DET

Sets the GPIO_CFG "ADC Detection Flag" output as the bitwise
AND of all channel statuses.

e 1'b0: Disabled (default)

e 1'b1: Enabled, GPIO_CFG output is (&adc_peak_flag)
Note: Overridden by GPIO_OR_PEAK_DET

[1]

ADC_UNLAT_FLAG_EN

Set the ADC detection flags to use the unlatched value, instead
of the latched value.

e 1'b0: Latched flags (default)

e 1'b1: Unlatched flags

[0]

ADC_DET_FLAG_SEL

Selects which ADC detection flag to output when gpio_cfg is set
to "ADC Detection Flag".

e 1'b0: Peak Detect Flag (default)

e 1'b1: ADC Overload Flag
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Register 59: GPIO DAC FLAG CONFIG

Bits [7] [6] [5] [3] 2] [1] [0]

Default | 1'd0 1'00 1'00 1'00 1'00 101 101 1'b1

Bits Mnemonic Description

[7] RESERVED N/A

[6]

DAC_FLAG_CH_SEL

Outputs a specific channel's flag if the corresponding
GPIO_AND and GPIO_OR are not set.
e 1'b0: Outputs status/flag from CH1
e 1'b1: Outputs status/flag from CH2

[5]

GPIO_OR_SS_RAMP

Sets the GPIO_CFG "Soft Ramp Done" flag output as the
bitwise OR of both channel's flags.

e 1'b0: Disabled (default)

e 1'b1: Enabled, GPIO_CFG output is (|ss_full_ramp)

[4]

GPIO_OR_AUTOMUTE

Sets the GPIO_CFG "Automute Status" output as the bitwise
OR of both channel's statuses.

e 1'b0: Disabled (default)

e 1'b1: Enabled, GPIO_CFG output is (Jautomute)

[3]

GPIO_OR_VOL_MIN

Sets the GPIO_CFG "Minimum Volume" flag output as the
bitwise OR of both channel's flags.

e 1'b0: Disabled (default)

e 1'b1: Enabled, GPIO_CFG output is (Jvol_min)

2]

GPIO_AND_SS_RAMP

Sets the GPIO_CFG "Soft Ramp Done" flag output as the

bitwise AND of both channel's flags.

e 1'b0: Disabled

e 1'b1: Enabled, GPIO_CFG output is (&ss_full_ramp)
(default)

Note: Overridden by GPIO_OR_SS_RAMP.

[1]

GPIO_AND_AUTOMUTE

Sets the GPIO_CFG "Automute Status" output as the bitwise
AND of both channel's statuses.

e 1'b0: Disabled

e 1'b1: Enabled, GPIO_CFG output is (&automute) (default)
Note: Overridden by GPIO_OR_AUTOMUTE.

[0]

GPIO_AND_VOL_MIN

Sets the GPIO_CFG "Minimum Volume" flag output as the
bitwise AND of both channel's flags.

e 1'0: Disabled

e 1'b1: Enabled, GPIO_CFG output is (&vol_min) (default)
Note: Overridden by GPIO_OR_VOL_MIN.
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Register 60: PWM COUNT

Bits [7:0]
Default 8'h00

Bits Mnemonic Description
[7:0] PWM_COUNT 8-bit value for the number of MCLK periods the PWM signal is
high.

e 8'h00: Disabled (default)
e 8h01: Minimum
e 8'hFF: Maximum

Register 62-61: PWM FREQUENCY

Bits [15:0]
Default | 16'h0000

Bits Mnemonic Description

[15:0] PWM_FREQ 16-bit value for the frequency of the PWM signal.
e 16'h0000: Disabled (default)

e 16'h0001: Minimum

e 16'hFFFF: Maximum

MCLK
frequency [Hz] = S FREQ 7 1
) PWM_COUNT
Duty Cycle [%] = | sy FREQ + 1/
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ADC Registers

Register 63: ADC NEGATION

Bits [7:2] [1] [0]

Default | 6'0000000 1'00 1'b0

Bits Mnemonic Description

[7:2] RESERVED N/A

[1]

ADC_NEG_SEL_CH2

Inverts data input from the CH2 analog ADC.

1'b0: No inversion (default)
1'b1: Inverts input data

[0]

ADC_NEG_SEL_CH1

Inverts data input from the CH1 analog ADC.

1'b0: No inversion (default)

e 1'b1: Inverts input data

Register 64: ADC FIR FILTER

Bits [7:5] [4] [3] [2:0]
Default | 3'd0 1'b0 1'b0 3'd0
Bits Mnemonic Description

[7:5] ADC_FILTER_SHAPE Selects the 8x decimation FIR filter shape.
3'd0: Minimum phase (default)

3'd1: Linear phase fast roll-off apodizing
3'd2: Linear phase fast roll-off

3'd3: Linear phase fast roll-off low ripple
3'd4: Linear phase slow roll-off

3'd5: Minimum phase fast roll-off

3'd6: Minimum phase slow roll-off

3'd7: Minimum phase slow roll-off low dispersion
1'b0: Non-bypass (default)

1'01: Bypass DFir_2x

[3] ADC_BYPASS_FIR4X e 1'b0: Non-bypass (default)

e 1'b1: Bypass DFir_4x

Bypass IIR Filter.

e 3'b000: Non-bypass (default)

e 3'b111: Bypass IIR

e Others: Reserved

[4] ADC_BYPASS_FIR2X

[2:0] ADC_BYPASS_IIR
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Register 65: RESERVED
Register 66: DC BLOCKING
Bits [7:6] [5] [3:0]
Default | 2'd0 1'b1 1'b1 4'b0010
Bits Mnemonic Description
[7:6] RESERVED N/A
[5] DC_BLOCK_EN_CH2 Enable the CH2 DC blocking filter on audio datapath.
e 1'b0: Bypass DC blocking filter
e 1'b1: Use DC blocking filter (default)
[4] DC_BLOCK_EN_CH1 Enable the CH1 DC blocking filter on audio datapath.
e 1'b0: Bypass DC blocking filter
e 1'b1: Use DC blocking filter (default)
[3:0] RESERVED N/A
Register 67: ADC VOLUME CH1
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] ADC_VOLUME_CH1 CH1 volume.
0dB to -127dB, 0.5dB steps.
e 8'h00: 0dB (default)
e 8hFE:-127dB
e 8hFF: Mute
Register 68: ADC VOLUME CH2
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] ADC_VOLUME_CH2 CH2 volume.
0dB to -127dB, 0.5dB steps.
e 8h00: 0dB (default)
e 8hFE:-127dB
e 8'hFF: Mute
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Register 69: ADC DIGITAL GAIN
Bits [7] [6:4] [3] [2:0]
Default | 1'd0 3'd0 1'd0 3'd0
Bits Mnemonic Description
[7] RESERVED N/A
[6:4] ADC_DIGITAL_GAIN_CH2 ADC CH2 gain boost. +0dB to +42dB, +6dB steps.
e 3'd0: +0dB (default)
e 3'd1:+6dB
o 3'd2:+120B
o 3'd3:+18dB
o 3'd4: +240B
e 3'd5: +30dB
e 3'd6: +36dB
o 3'd7:+420B
[3] RESERVED N/A
[2:0] ADC_DIGITAL_GAIN_CH1 ADC CH1 gain boost. +0dB to +42dB, +6dB steps.
e 3'd0: +0dB (default)
e 3'd1:+6dB
o 3'd2: +12dB
e 3'd3: +18dB
o 3'd4: +240B
e 3'd5: +30dB
e 3'd6: +36dB
o 3'd7:+420B
Register 70: ADC PHASE INVERSION
Bits [7:2] [1] [0]
Default | 6'd0 1'00 1'00
Bits Mnemonic Description
[7:2] RESERVED N/A

[1]

ADC_VOL_PHASE_INV_CH2

Inverts the phase of VOLUME_CH2.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[0]

ADC_VOL_PHASE_INV_CH1

Inverts the phase of VOLUME_CH1.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted
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Register 72-71: ADC THD COMP C2

Bits [15:0]

Default | 16'h0000

Bits Mnemonic Description

[15:0] ADC_THD_COMP_C2 A 16-bit signed coefficient for correcting for the ADC 2nd

harmonic distortion.
output = x + c2 - x*> + c3 - x3
Note: Register value is internally XOR'd with 16'hFFFC

Register 74-73: ADC THD COMP C3

Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] ADC_THD_COMP_C3 A 16-bit signed coefficient for correcting for the ADC 3rd
harmonic distortion.
output = x +c2-x* +c3 - x3
Note: Register value is internally XOR'd with 16'hFFE2
Register 75: PEAK DETECT ENABLE
Bits [7:2] [1] [0]
Default | 6'd0 1'b0 1'b0
Bits Mnemonic Description
[7:2] RESERVED N/A

[1]

PEAK_DETECT_EN_CH2

Enables the ADC CH2 peak detector.
e 1'b0: Disabled (default)
e 1'b1: Enabled

[0]

PEAK_DETECT_EN_CH1

Enables the ADC CH1 peak detector.
e 1'b0: Disabled (default)
e 1'b1: Enabled
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Register 76: PEAK DETECT CONFIG

Bits [7] [6] [5] [4:0]

Default | 1'd0 1'00 1'00 5'd10

Bits Mnemonic Description

[7] RESERVED N/A

[6]

LOCK_PEAK_VALUE

Locks the current peak detector values, for reading back.
e 1'b0: Peak detector value can update (default)
e 1'b1: Peak detector value locked

[5] RESERVED N/A
[4:0] PEAK_DECAY_RATE Sets the speed at which the peak detector value will decay
when greater than the input signal.
e 5'd0: Instant decay
e 5'd1: Fastest decay
e 5'd10: Default value
e 5'd22: Slowest decay
e Others: Reserved
Register 78-77: PEAK THRESHOLDS
Bits [15:8] [7:0]
Default | 8'hFF 8'hFF
Bits Mnemonic Description
[15:8] PEAK_THRESH_CH2 Threshold value to trigger the PEAK_FLAG in the CH2 peak
detector.
Triggers if the input signal > PEAK_THRESH_CH2.
e 8h01:-48dB
e 8'hFF: 0dB (default)
PEAK_THRESH_CH2
threshold [dB] = 20 - log10< 5 ) + 0.56
[7:0] PEAK_THRESH_CH1 Threshold value to trigger the PEAK_FLAG in the CH1 peak

detector.

Triggers if the input signal > PEAK_THRESH_CH1.
e 8h01:-48dB

e 8hFF: 0dB (default)

threshold [dB] = 20 - log10<

PEAK_THRESH_CHf
5 +0.56
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Register 81-79: RESERVED

Register 82: MIC BIAS
Bits [7] [6] [5:4] [3] [2:0]
Default | 1'b0 1'b0 2'b00 1'b0 3'b010
Bits Mnemonic Description
[71 RESERVED N/A
[6] MB_VR_BYPB Bypass the MICBIAS reference voltage select.
e 1'0: 2.85V (default)
e 1'b1: Determined by MB_VR_SET
[5:4] RESERVED N/A
[3] MB_EN Enables the MICBIAS.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[2:0] MB_VR_SET Set mic bias voltage.
e 3'b000: 1.45V
e 3'b001:2.55V
e 3'b010: 2.65V (default)
e 3b011:2.75V
e 3'b100: 1.65V
e 3b101:1.75V
e 3'b110:1.85V
e 3b111:1.95V
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DAC Registers
Register 83: DAC FILTER CONFIG
Bits [7:6] [5] [3] [2:0]
Default | 2'd0 1'b0 1'b0 1'b0 3'd0
Bits Mnemonic Description
[7:6] RESERVED N/A

[3]

DAC_BYPASS_IIR

Bypass the IIR filter.
e 1'b0: Non-bypassed (default)
e 1'b1: Bypassed

[4]

DAC_BYPASS_FIR4X

Bypass the 4X FIR filter.
e 1'b0: Non-bypassed (default)
e 1'b1: Bypassed

[3]

DAC_BYPASS_FIR2X

Bypass the 2X FIR filter.
e 1'b0: Non-bypassed (default)
e 1'b1: Bypassed

[2:0] DAC_FILTER_SHAPE Selects the 8x interpolation FIR filter shape.
e 3'd0: Minimum phase (default)
e 3'd1: Linear phase fast roll-off apodizing
e 3'd2: Linear phase fast roll-off
e 3'd3: Linear phase fast roll-off low ripple
e 3'd4: Linear phase slow roll-off
e 3'd5: Minimum phase fast roll-off
e 3'd6: Minimum phase slow roll-off
e 3'd7: Minimum phase slow roll-off low dispersion
Register 84: DAC VOLUME CH1
Bits [7:0]
Default | 8'h02
Bits Mnemonic Description
[7:0] DAC_VOLUME_CH1 DAC CH1 volume. +1dB to -126dB, 0.5dB steps

e 8h00: +1dB
e 8h02: 0dB (default)
e 8hFE:-126dB

e 8hFF: Mute
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Register 85: DAC VOLUME CH2
Bits [7:0]
Default | 8'h02
Bits Mnemonic Description
[7:0] DAC_VOLUME_CH2 DAC CH2 volume. +1dB to -126dB, 0.5dB steps
e 8h00: +1dB
e 8h02: 0dB (default)
e G8hFE: -126dB
o 8'hFF: Mute
Register 86: DIRECT MONITOR VOLUME CH1
Bits [7:0]
Default | 8'hFF
Bits Mnemonic Description
[7:0] DIR_MON_VOL_CH1 Volume of ADC CH1 direct monitor signal added into DAC CHA1.
+1dB to -126dB, 0.5dB steps.
e 8h00: +1dB
e 8h02: 0dB
e &hFE:-126dB
e 8hFF: -inf dB (default)
Register 87: DIRECT MONITOR VOLUME CH2
Bits [7:0]
Default | 8'hFF
Bits Mnemonic Description
[7:0] DIR_MON_VOL_CH2 Volume of ADC CH2 direct monitor signal added into DAC CH2.
+1dB to -126dB, 0.5dB steps.
e 8h00: +1dB
e 8h02: 0dB
e &hFE:-126dB
e 8'hFF: -inf dB (default)
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Register 83: DAC DIGITAL GAIN
Bits [7] [6:4] [3] [2:0]
Default | 1'd0 3'd0 1'd0 3'd0
Bits Mnemonic Description
[7] RESERVED N/A
[6:4] DAC_DIGITAL_GAIN_CH2 ADC CH2 gain boost. +0dB to +42dB, +6dB steps.
e 3'd0: +0dB (default)
e 3'd1:+6dB
o 3'd2: +12dB
o 3'd3: +18dB
o 3'd4: +24dB
e 3'd5: +30dB
e 3'd6: +36dB
e 3'd7:+42dB
[3] RESERVED N/A

[2:0]

DAC_DIGITAL_GAIN_CH1

ADC CH1 gain boost. +0dB to +42dB, +6dB steps.
3'd0: +0dB (default)

3'd1: +6dB
3'd2: +12dB
3'd3: +18dB
3'd4: +24dB
3'd5: +30dB
3'd6: +36dB
3'd7: +42dB
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Register 89: DAC PHASE INVERSION
Bits [7:6] [5] [3] 2] (1] [0]
Default | 2'd0 1'00 1'00 1'00 1'00 1'00 1'b0
Bits Mnemonic Description
[7:6] RESERVED N/A

[3]

DIR_MON_MONO_CH2

Adds both ADC direct monitor signals onto the CH2 DAC

datapath.

Both signals are controlled by the CH2 volume and mute

controls.

e 1'b0: Disabled, CH2 ADC monitored on CH2 DAC (default)

e 1'b1: Enabled, CH1 ADC & CH2 ADC monitored on CH2
DAC

[4]

DIR_MON_MONO_CH1

Adds both ADC direct monitor signals onto the CH1 DAC

datapath.

Both signals are controlled by the CH1 volume and mute

controls.

e 1'b0: Disabled, CH1 ADC monitored on CH1 DAC (default)

e 1'b1: Enabled, CH1 ADC & CH2 ADC monitored on CH1
DAC

[3]

DIR_MON_VOL_PHASE_INV_CH2

Inverts the phase of DIR_MON_VOL_CH2.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

2]

DIR_MON_VOL_PHASE_INV_CH1

Inverts the phase of DIR_MON_VOL_CH1.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[1]

DAC_VOL_PHASE_INV_CH2

Inverts the phase of DAC_VOLUME_CH2.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[0]

DAC_VOL_PHASE_INV_CH1

Inverts the phase of DAC_VOLUME_CH1.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted
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Register 90: DAC MUTE
Bits [7:6] [5] [4] [3:2] [1] [0]
Default | 2'd0 1'b0 1'b0 2'd0 1'b0 1'b0
Bits Mnemonic Description
[7:6] RESERVED N/A
[5] DIR_MON_MUTE_CH2 Mutes the CH2 ADC direct monitor signal.
e 1'b0: Normal operation (default)
e 1'b1: Direct monitor signal muted
[4] DIR_MON_MUTE_CH1 Mutes the CH1 ADC direct monitor signal.
e 1'b0: Normal operation (default)
o 1'b1: Direct monitor signal muted
[3:2] RESERVED N/A
[1] DAC_MUTE_CH2 Mutes the CH2 DAC datapath, will not mute the monitor signal.
e 1'b0: Normal CH2 operation (default)
e 1'b1: Mute CH2 DAC
[0] DAC_MUTE_CH1 Mutes the CH1 DAC datapath, will not mute the monitor signal.
e 1'b0: Normal CH1 operation (default)
e 1'b1: Mute CH1 DAC
Register 91: SOFT RAMP CONFIG
Bits [7] [6] [5] [4:0]
Default | 1'b0 1'00 1'b1 5'd3
Bits Mnemonic Description
[71 RESERVED N/A
[6] DIR_MON_ADC_SEL Selects the Direct Monitor source, from the ADC datapath.
e 1'b0: Pre-ASP, minimizes delay (default)
e 1'b1: Post-ASP
[5] MUTE_RAMP_TO_GROUND e 1'b0: When ramped to min volume during normal mute, do
not soft ramp to ground
e 1'b1: When ramped to min volume during normal mute, soft
ramp to ground for power saving (default)
normal mute includes: automute, mute by register, mute by
GPIO
[4:0] SOFT_RAMP_TIME Sets the amount of time that it takes to perform a soft start

ramp.
This time affects both ramp to ground and ramp to AVCC/2.

Valid from 0 to 12.
16 , »SOFT_RAMP_TIME

Time [s] =

MCLK - 2~MCLK_24M_DIV2
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Register 93-92: DC OFFSET
Bits [15:8] [7:0]
Default | 8'h00 8'h00
Bits Mnemonic Description
[15:8] DC_OFFSET_CH2 Signed 8-bit DC offset value added to the CH2 datapath signal,
100 uV/step.

e 8hFF:-12.7mV DC Offset
e 8'h00: OmV DC Offset (default)
e 8'h7F: 12.7mV DC Offset

[7:0] DC_OFFSET_CH1

Signed 8-bit DC offset value added to the CH1 datapath signal,
100 uV/step.

e 8hFF:-12.7mV DC Offset

e 8'h00: OmV DC Offset (default)

e 8'h7F:12.7mV DC Offset

Register 94: AUTOMUTE ENABLE

Bits [7:2] [1] [0]
Default | 6'd0 1'b1 1'b1
Bits Mnemonic Description
[7:2] RESERVED N/A
[1] AUTOMUTE_EN_CH2 Enables CH2 automute.

e 1'b0: Disabled

e 1'b1: Enabled (default)
[0] AUTOMUTE_EN_CHA1 Enables CH1 automute.

e 1'b0: Disabled
e 1'b1: Enabled (default)
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Register 96-95: AUTOMUTE TIME
Bits [15] | [14] | [13] | [12:11] [10:0]
Default | 1'd0 | 1'b1 | 1'b1 | 2'd0 11'hOF
Bits Mnemonic Description
[15] RESERVED N/A
[14] DSD_DC_AM_EN Enables the DSD DC automute detection.
e 1'b0: Disabled
e 1'b1: Enabled (default)
[13] DSD_MUTE_AM_EN Enables the DSD automute condition, if a DSD mute pattern is
detected.
e 1'b0: Disabled
e 1'b1: Enabled (default)
[12:11] RESERVED N/A
[10:0] AUTOMUTE_TIME Configures the amount of time in seconds the audio must
remain below AUTOMUTE_LEVEL before an
automute condition is flagged.
e 11'h000: Disabled
e 11'h001: Slowest
e 11'h00F: Default
e 11'h7FF: Fastest
218
Time [s] =
AUTOMUTE_TIME - FS
Register 98-97: AUTOMUTE LEVEL
Bits [15:0]
Default | 16'h0008
Bits Mnemonic Description
[15:0] AUTOMUTE_LEVEL The threshold which the audio must be below before an

automute condition is flagged.
e 16'h0001: -138dB
e 16'h0008: -120dB (default)
e 16'hFFFF: -42dB

AUTOMUTE_LEVEL
level [dB] = 20 - log10

(216 _ 1) . 27
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Register 100-99: AUTOMUTE OFF LEVEL

Bits [15:0]

Default | 16'h000A

Bits Mnemonic Description

[15:0] AUTOMUTE_OFF_LEVEL The threshold which the audio must be above before the

automute condition is immediately cleared.
e 16'h0001: -138dB

e 16'h000A: -118dB (default)

e 16'hFFFF: -42dB

level [dB] = 20 - 10g10<

AUTOMUTE_OFF_LEVEL)
(2 -1)-2’

Register 102-101: DAC THD COMP C2

Bits [15:12] [11:0]
Default | 4'd0 12'h000
Bits Mnemonic Description
[15:12] RESERVED N/A
[11:0] DAC_THD_COMP_C2 A 12-bit signed coefficient for correcting for the DAC 2nd
harmonic distortion.
output = x + c2-x* +c3 - x3
Note: Register value is internally XOR'd with 12'h222

Register 104-103: DAC THD COMP C3

Bits [15:12] [11:0]

Default | 4'd0 12'h000

Bits Mnemonic Description

[15:12] RESERVED N/A

[11:0] DAC_THD_COMP_C3 A 12-bit signed coefficient for correcting for the DAC 3rd
harmonic distortion.

output = x +c2-x* +c3 - x3

Note: Register value is internally XOR'd with 12'h030
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Register 110-105: RESERVED
Register 111: CHARGE PUMP CONFIG

Bits [7:2] [1] [0]

Default | 6'0000010 1'b0 1'b1

Bits Mnemonic Description

[7:2] RESERVED N/A

1] CP_EXT_NS Disables the DAC Charge Pump, negative voltage supplied
externally.

e 1'b0: Charge Pump enabled (default)

e 1'b1: Charge Pump disabled

[0] CP_MUTE_PD_EN Charge pump state control when the DAC mutes.

e 1'b0: Keep charge pump on when DAC mutes

e 1'b1: Turn off charge pump when DAC mutes (default)

Register 112: CHARGE PUMP CLOCK DIV

Bits [7:0]
Default | 8'd31

Bits Mnemonic Description
[7:0] CP_CLK_DIV Specifies the clk divider for the CP clock source.

CP_CLK [Hz] = =
P Z
— 2MCLK_24M_D|V2 . (CP CLK DIV + 1)

Register 115-113: RESERVED
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PLL Registers
Register 116: PLL CLOCK SELECT
Bits | [7] [6] [5] [4] 3] [2:0]
Default | 1'b0 1'b0 1'b1 1'd0 1'b0 3'd0
Bits Mnemonic Description
[71 RESERVED N/A
[6] PLL_CLK_PHASE_INV Digital/analog DAC clock invert phase enable.
e 1'b0: Digital/analog DAC clocks have inverted phase
(default)
o 1'b1: Digital/analog DAC clocks have the same phase
[5] SEL_PLL_CLK_IN Selects PLL input clock source when EN_PLL_CLK_IN is set.
e 1'0: ACLK
e 1'01: DCLK (default)
[4] RESERVED N/A
[3] EN_PLL_CLK_IN Allows SEL_PLL_CLK_IN to select PLL input clocks.
e 1'b0: Disables SEL_PLL_CLK_IN (default)
e 1'b1: Enables SEL_PLL_CLK_IN
[2:0] RESERVED N/A
Register 117: PLL VCO & CP
Bits [71 [6:4] [3] [2] [1] [0]
Default | 1'b0 3'b011 1'b0 1'b0 1'b0 1'b0
Bits Mnemonic Description
[71 RESERVED N/A
[6:4] PLL_CP_BIAS_SEL Sets the PLL Charge Pump bias Current:

e 3'b001: (recommended for ASYNC PLL case)
o 3'b011: (default)

[3] PLL_CP_EN Enable the PLL charge pump.

e 1'b0: PLL Charge Pump Disabled (default)

e 1'01: PLL Charge Pump Enabled

[2] PLL_VCO_EN Enable the PLL voltage-controlled oscillator (VCO).
e 1'b0: PLL VCO Disabled (default)

e 1'b1: PLL VCO Enabled

1] PLL_CLKSMP_EN Enable the PLL circuitry.

e 1'b0: PLL Block Disabled (default)

e 1'b1: PLL Block Enabled

[0] PLL_DIG_RSTB Enable the Digital Core of the PLL.

e 1'b0: PLL Digital Core Disabled (default)

e 1'b1: PLL Digital Core Enabled
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Register 118: PLL REGULATOR

Bits [7:4] [3] [2] [1:0]

Default | 4'd0 1'00 101 2'b10

Bits Mnemonic Description

[7:4] RESERVED N/A

[3] PLL_REG_EN Power down the PLL regulator.

e 1'b0: PLL Regulator Disabled (default)

e 1'b1: PLL Regulator Enabled

[2] PLL_REG_LN Enable Low Noise Reference for PLL regulator.
e 1'b0: Low Noise Reference Disabled

e 1'b1: Low Noise Reference Enabled (default)

[1:0] RESERVED N/A
Register 121-119: PLL FEEDBACK DIV
Bits [23:0]

Default | 24'n100000

Bits Mnemonic Description

[23:0] PLL_CLK_FB_DIV Sets the PLL clock feedback divider (Nfb).
e 24'h000000: Reserved

e 24'h100000: Default

e 24'hn: Divide by 2"25/n
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Register 124-122: PLL IN & OUT DIV

Bits [23:21] [20] | [19:16] [15:12] [11:10] | [9] | [8:0]

Default | 3'd0 101 | 4'd0 4'd3 2'd0 101 | 9'd0

Bits Mnemonic Description

[23:21] RESERVED N/A

[20] PLL_CLK_OUT_DIV_PHASE_EN Sets the tuning mode for the PLL_CLK_OUT_DIV phase.

e 1'00: Dynamic Tuning of Phase (recommended for ASYNC
PLL case)
e 1'b1: Static Tuning of Phase (default)

[19:16] RESERVED

N/A

[15:12] PLL_CLK_OUT_DIV

Sets the PLL clock output divider (No).
o 4'd0: Reserved

e 4'd3: Divide by 4. (default)

e 4'dn: Divide by (n +1).

[11:10] RESERVED

N/A

[9] PLL_FB_DIV_LOAD

Write 1'b1 then write 1'b0 to load CLK_FB_DIV.

[8:0] PLL_CLK_IN_DIV

Sets the PLL clock input divider (Ni).
e 9'd0: Reserved (default)
e 9'dn: Divide by (n +1).

Register 125: PLL VCO CONTROL 1

Bits [7:2] [1:0]
Default | 6'0010000 2'b00
Bits Mnemonic Description

[7:2] RESERVED N/A

[1:0] VCO_IB_AMP_CTRL

Selects the VCO bias current:
e 2'b00 (default)
e 2'b10 (recommended for ASYNC PLL case)

Register 130-126: RESERVED
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ASP Registers

Register 131: ASP CONTROL

Bits [7] [6] [5] [3] 2] [1] [0]

Default | 1'b0 1'b0 1'00 1'b1 1'00 1'b0 1'b0 1'b0

Bits Mnemonic Description

[7]

ASP_DAC_CORE_EN

Enables programmed DAC ASP functionality.
e 1'b0: Disabled (default)
e 1'b1: Enabled

[6]

ASP_DAC_MEM_FLUSH

Flushes the DAC ASP memories, clearing any existing
programming.
Requires ASP_DAC_CORE_EN to not be set.

[5]

ASP_SPI_FLASH_REG_RUN

Toggle to transfer a byte of data from the I°C registers over the
SPI master interface.

[4]

RESERVED

N/A

[3]

ASP_PROG_SOURCE_SEL

Selects which interface programs the ASP.
e 1'b0: I*C programming (default)
e 1'b1: SPI master programming

2]

ASP_ADC_MEM_FLUSH

Flushes the ADC ASP memories, clearing any existing
programming.
Requires ASP_ADC_CORE_EN to not be set.

[1]

ASP_PROG_EN

Enables ASP programming. Programmed functionality
overridden.

e 1'b0: Programming disabled (default)

e 1'b1: Programming enabled

[0]

ASP_ADC_CORE_EN

Enables programmed ASP functionality.
e 1'b0: Disabled (default)
e 1'b1: Enabled
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Register 132: ASP BYPASS

Bits [7:6] [5] [4] [3:2] [1] [0]
Default | 2'd0 1'b0 1'b0 2'd0 1'00 1'b0
Bits Mnemonic Description
[7:6] RESERVED N/A
[5] ASP_DAC_BYPASS_CH2 Bypasses the DAC ASP core, but leaves it running.
e 1'b0: Un-bypassed (default)
e 1'b1: Bypassed
[4] ASP_DAC_BYPASS_CH1 Bypasses the DAC ASP core, but leaves it running.
e 1'b0: Un-bypassed (default)
e 1'b1: Bypassed
[3:2] RESERVED N/A
[1] ASP_ADC_BYPASS_CH2 Bypasses the ADC ASP core, but leaves it running.
e 1'b0: Un-bypassed (default)
e 1'b1: Bypassed
[0] ASP_ADC_BYPASS_CH1 Bypasses the ADC ASP core, but leaves it running.
e 1'b0: Un-bypassed (default)
e 1'b1: Bypassed

Register 133: RESERVED
Register 134: ASP PAIRED MODE

Bits [7:6] [5] [4] [3:2] [1:0]
Default | 2'd0 1'b0 1'b0 2'd0 2'd0
Bits Mnemonic Description
[7:6] RESERVED N/A
[5] ASP_DAC_PAIRED_MODE Enables the DAC ASP core paired mode.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[4] ASP_ADC_PAIRED_MODE Enables the ADC ASP core paired mode.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[3:2] RESERVED N/A
[1:0] ASP_CORE_READ_SEL Determines the ASP core connected to the GPIOs
e 2'd0: ADC CH1 (default)
e 2'd1: ADC CH2
e 2'd2: DAC CH1
e 2'd3: DAC CH2
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Register 135: ASP INPUT3 SELECT

Bits [7:6] [5] [3:2] [1] [0]
Default | 2'd0 1'00 1'00 2'd0 1'00 1'00
Bits Mnemonic Description
[7:6] RESERVED N/A
[5] ASP_DAC_IN3_SEL_CH2 Selects DAC CH2 ASP core input3 connection.
e 1'b0: ADC CH2 data (default)
e 1'b1: GPIO Input flags
[4] ASP_DAC_IN3_SEL_CH1 Selects DAC CH1 ASP core input3 connection.
e 1'b0: ADC CH1 data (default)
e 1'b1: GPIO Input flags
[3:2] RESERVED N/A

[1]

ASP_ADC_IN3_SEL_CH2

Selects ADC CH2 ASP core input3 connection.
e 1'b0: DAC CH2 data (default)
e 1'b1: GPIO Input flags

[0]

ASP_ADC_IN3_SEL_CH1

Selects ADC CH1 ASP core input3 connection.
e 1'b0: DAC CH1 data (default)
e 1'b1: GPIO Input flags

Register 136: ASP PRAM WRITE EN

Bits [7] [6] [5:2] [1] [0]

Default | 1'b0 1'00 4'd0 1'00 1'b0

Bits Mnemonic Description

[7] ASP_DAC_IN3_MIX_SEL Selects the data point for the DAC ASP core input3 connection.
e 1'b0: Pre-ASP ADC datapath (default)
e 1'b1: Post-ASP ADC datapath

[6] ASP_ADC_IN3_MIX_SEL Selects the data point for the ADC ASP core input3 connection.
e 1'b0: Pre-ASP DAC datapath (default)
e 1'b1: Post-ASP DAC datapath

[5:2] RESERVED N/A

[1]

ASP_DAC_PRAM_WE

Enables writing to the DAC ASP's program (PRAM) memory.
Memory shared between all DAC ASP cores.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[0]

ASP_ADC_PRAM_WE

Enables writing to the ADC ASP's program (PRAM) memory.
Memory shared between all ADC ASP cores.

e 1'b0: Disabled (default)

e 1'b1: Enabled
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Register 137: ASP COEFF DATA WRITE EN
Bits [7:6] [5] [3:2] [1] [0]
Default | 2'd0 1'b0 1'b0 2'd0 1'b0 1'b0
Bits Mnemonic Description
[7:6] RESERVED N/A
[5] ASP_DAC_COEFF_DATA_WE_CH2 Enables writing to the DAC CH2 ASP core's coefficient (CRAM)
and data (DRAM) memories.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[4] ASP_DAC_COEFF_DATA_WE_CH1 Enables writing to the DAC CH1 ASP core's coefficient (CRAM)
and data (DRAM) memories.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[3:2] RESERVED N/A

[1]

ASP_ADC_COEFF_DATA_WE_CH2

Enables writing to the ADC CH2 ASP core's coefficient (CRAM)
and data (DRAM) memories.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[0]

ASP_ADC_COEFF_DATA_WE_CH1

Enables writing to the ADC CH1 ASP core's coefficient (CRAM)
and data (DRAM) memories.

e 1'b0: Disabled (default)

e 1'b1: Enabled

Register 138: ASP PROG MEM ADDR

Bits [7:0]

Default | 8'h00

Bits Mnemonic Description

[7:0] ASP_PROG_MEM_ADDR Selects the address of the programmable memories when
programming the ASP.

If writing to the CRAM or DRAM ASP_PROG_MEM_ADDR(7]
selects the momory accessed.

e 1'b0: DRAM

e 1b1: CRAM

When ASP programming is disabled, acts as the DMA_ADDR
offset.
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Register 142-139: ASP PROG MEM DATA

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] ASP_PROG_MEM_DATA 32-bit data written to the programmable memories at address

ASP_PROG_MEM_ADDR.

The memory written depends on which write enable is toggled.
If writing to PRAM, use ASP_PROG_RAM_WE, and the data
format is {insn[i + 256], insn[i]}.

If writing to CRAM or DRAM, use
ASP_COEFF_DATA_WE_CHx.

When ASP programming is disabled, control acts as the
DMA_DATA1 element.

Register 146-143: DMA DATA2

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] DMA_DATA2 32-bit coefficient stack data written to the ASP core coeff stack

at address ASP_DMA_ADDR + 1.

Register 150-147: DMA DATA3

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] DMA_DATA3 32-bit coefficient stack data written to the ASP core coeff stack

at address ASP_DMA_ADDR + 2.

Register 154-151: DMA DATA4

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] DMA_DATA4 32-bit coefficient stack data written to the ASP core coeff stack

at address ASP_DMA_ADDR + 3.

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM

154



VERSION 0.3.1

ES9291 Product Datasheet

E55

Register 158-155: DMA DATAS

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] DMA_DATA5 32-bit coefficient stack data written to the ASP core coeff stack

at address ASP_DMA_ADDR + 4.

Register 162-159: DMA DATAG6

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] DMA_DATAG 32-bit coefficient stack data written to the ASP core coeff stack

at address ASP_DMA_ADDR + 5.

Register 166-163: DMA DATA7

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] DMA_DATA7 32-bit coefficient stack data written to the ASP core coeff stack

at address ASP_DMA_ADDR + 6.

Register 170-167: DMA DATAS8

Bits [31:0]

Default | 32'd0

Bits Mnemonic Description

[31:0] DMA_DATA8 32-bit coefficient stack data written to the ASP core coeff stack

at address ASP_DMA_ADDR +7.
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Register 171: DMA CORE MASK

Bits [7:6] [5] [4] [3:2] [1] [0]

Default | 2'd0 1'00 1'00 2'd0 1'00 1'00

Bits Mnemonic Description

[7:6] RESERVED N/A

[5] DMA_DAC_CORE_MASK_CH2 Masks the DAC CH2 ASP core, allowing it to update the core's

coeff stack with the DMA values.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[4] DMA_DAC_CORE_MASK_CH1 Masks the DAC CH1 ASP core, allowing it to update the core's
coeff stack with the DMA values.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[3:2] RESERVED N/A

[1] DMA_ADC_CORE_MASK_CH2 Masks the ADC CH2 ASP core, allowing it to update the core's
coeff stack with the DMA values.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[0] DMA_ADC_CORE_MASK_CH1 Masks the ADC CH1 ASP core, allowing it to update the core's
coeff stack with the DMA values.

e 1'b0: Disabled (default)

e 1'b1: Enabled
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Register 172: DMA WRITE EN

Bits [7] [6] [5] [4] [3] 2] (1] [0]

Default | 1'b0 1'b0 1'00 1'00 1'00 1'00 1'00 1'b0

Bits Mnemonic Description

[7]

DMA_DATA8_WE

DMA DATAS8 write enable, loads into CRAM[DMA_ADDR+7].
Toggle to 1'v0 before updating DMA_DATAS8 or DMA_ADDR.
e 1'n0: DMA load inactive (default)

e 1'b1: DMA load active

[6]

DMA_DATA7_WE

DMA DATAY write enable, loads into CRAM[DMA_ADDR+6].
Toggle to 1'b0 before updating DMA_DATA7 or DMA_ADDR.
e 1'b0: DMA load inactive (default)

e 1'b1: DMA load active

[3]

DMA_DATAG6_WE

DMA DATAG write enable, loads into CRAM[DMA_ADDR+5].
Toggle to 1'v0 before updating DMA_DATAG or DMA_ADDR.
e 1'b0: DMA load inactive (default)

e 1'b1: DMA load active

[4]

DMA_DATA5_WE

DMA DATAD5 write enable, loads into CRAM[DMA_ADDR+4].
Toggle to 1'v0 before updating DMA_DATAS or DMA_ADDR.
e 1'b0: DMA load inactive (default)

e 1'b1: DMA load active

[3]

DMA_DATA4_WE

DMA DATA4 write enable, loads into CRAM[DMA_ADDR+3].
Toggle to 1'b0 before updating DMA_DATA4 or DMA_ADDR.
e 1'b0: DMA load inactive (default)

e 1'b1: DMA load active

2]

DMA_DATA3_WE

DMA DATAS3 write enable, loads into CRAM[DMA_ADDR+2].
Toggle to 1'b0 before updating DMA_DATA3 or DMA_ADDR.
e 1'b0: DMA load inactive (default)

e 1'b1: DMA load active

[1]

DMA_DATA2_WE

DMA DATA2 write enable, loads into CRAM[DMA_ADDR+1].
Toggle to 1'v0 before updating DMA_DATAZ2 or DMA_ADDR.
e 1'b0: DMA load inactive (default)

e 1'b1: DMA load active

[0]

DMA_DATA1_WE

DMA DATA1 write enable, loads into CRAM[DMA_ADDR].
Toggle to 1'v0 before updating DMA_DATA1 or DMA_ADDR.
e 1'b0: DMA load inactive (default)

e 1'b1: DMA load active
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Register 173: SPI MASTER CONFIG
Bits [7:4] [3] [2] [1] [0]
Default | 4'd0 1'b0 1'b0 1'b0 1'b0
Bits Mnemonic Description
[7:4] SPI_M_PULSE_WIDTH Sets the master SCLK frequency.
SCLK[Hz] = MCLK
M2l = > SpIM_PULSE_WiDTH

[3] SPI_M_EN Enable the SPI Master

e 1'b0: Disabled (default)

e 1'b1: Enabled
[2] SPI_M_MODE SPI Mode

e 1'b0: Mode 0 (default)

e 1'b1: Mode 3

[1]

SPI_M_SEND_BYTE

Triggers the SPI master to send the current byte in
SPI_M_DATA_O to the slave device.

e 1'b0: Do not send byte (default)

e 1'b1: Send byte to SPI slave device

[0]

SPI_M_START

Start/stop SPI master transactions.
e 1'b0: Transactions stopped (default)
o 1'b1: Transactions started

Register 174: SPI MASTER DATA OUT

Bits [7:0]

Default | 8'h00

Bits Mnemonic Description

[7:0] SPI_M_DATA_O Data byte to send over the SPI master interface.
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Readback Registers
Register 224: CODEC VALIDITY READ
Bits [7:6] [5:4] [3] [2] [1] [0]
Default | - - - - - -
Bits Mnemonic Description
[7:6] RESERVED N/A
[5:4] INPUT_DATA_FORMAT_SEL_OVR Readback of the current input data format.
Either the manual value, or the result of
AUTO_DATA_FORMAT_SEL if enabled.
e 2'd0: PCM
e 2'd1: DoP
e 2'd2:DSD
e 2'd3: PDM
[3] DOP_DEC_VALID DoP decoder valid flag.
[2] TDM_DEC_VALID TDM decoder valid flag.
[1] TDM_ENC_VALID TDM encoder valid flag.
[0] PLL_LOCKED PLL locked flag.
Register 225: CHIP ID
Bits [7:0]

Default 8'hAD

Bits Mnemonic

Description

[7:0] CHIP_ID

e [ES9291: 0xAD
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Register 231-226: RESERVED
Register 232: AUTO FS READ

Bits [71 [6] [5:0]
Default | - - -
Bits Mnemonic Description
[7] EN_64FS_MODE_AUTO Result {Z} of the automatic sample rate detect (reg0[3]
AUTO_FS_DETECT) logic,
running the device in 64FS mode.
e 1'b0: 64FS disabled
e 1'b1: 64FS enabled
[6] MCLK_128FS_HALF_DIV_AUTO Result {Y} of the automatic sample rate detect (reg0[3]
AUTO_FS_DETECT) logic.
e 1'b0: MCLK_128FS is an integer multiple of MCLK, Y = 1.
o 1'n1: MCLK_128FS is a (X+1)*0.5 multiple of MCLK, Y = 2.
[5:0] MCLK_128FS_DIV_AUTO Result {X} of the automatic sample rate detect (reg0[3]

AUTO_FS_DETECT) logic.
FS [Hz] =

Y - MCLK
zZ
(X+1)-<¥)

Register 233: CLOCK VALIDITY

Bits [7] [6] [5] [4:0]

Default | - - - -

Bits Mnemonic Description

7 RATIO_VALID Validity of the MCLK/MCLK_128FS ratio.
e 1'b0: Invalid ratio
e 1'b1: Valid ratio

[6] BCK_INVALID Validity of the BCK signal, requires BCK_MONITOR to be
enabled.

[5] WS_INVALID Validity of the WS signal, requires WS_MONITOR to be
enabled.

[4:0] AUTO_CH_NUM Automatic TDM channel number tuning result.
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Register 234: JACK DETECT READBACK

Bits [7:3] [2] [1:0]
Default |- - .
Bits Mnemonic Description

[7:3] RESERVED N/A

[2] JDET_READ Jack detection output.

e 1'b0: No detection
e 1'b1: Tip detected

[1:0] RESERVED N/A
Register 235: TEMP SENSE READ

Bits [7:0]

Default | -

Bits Mnemonic Description

[7:0] TSENSE_DATA

Temperature sensor readback.

Temperature [°C] = (TS_DATA - 3.2151) — 247.27

Register 236: GPIO READBACK

Bits [7] [6] [5] [4] [3] 2] [1] [0]
Default | - - - - - - - -
Bits Mnemonic Description

[7 RESERVED N/A

[6] GPIO7_R GPIO7 input readback.

[5] GPIO6_R GPIO6 input readback.

[4] GPIO5_R GPIO5 input readback.

[3] GPIO4_R GPI04 input readback.

[2] GPIO3_R GPIO3 input readback.

1] GPIO2_R GPI02 input readback.

[0] GPIO1_R GPIO1 input readback.
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Register 237: ADC CLIP DETECT FLAGS

Bits [71 [6] [5]

[4]

[3] [2] [1] [0]

Default - - -

Bits Mnemonic

Description

[7] ADC_OVERLOAD_FLAG_LAT_CH2

Latched CH2 ADC modulator overload flag.
e 1'b0: No overload

e 1'b1: ADC modulator overloaded

Note: Requires Reg 33[5] to clear flag.

[6] ADC_OVERLOAD_FLAG_LAT_CH1

Latched CH1 ADC modulator overload flag.
e 1'b0: No overload

e 1'b1: ADC modulator overloaded

Note: Requires Reg 33[4] to clear flag.

[5] ADC_OVERLOAD_FLAG_CH2

Unlatched CH2 ADC modulator overload flag.
e 1'b0: No overload
e 1'b1: ADC modulator overloaded

[4] ADC_OVERLOAD_FLAG_CH1

Unlatched CH1 ADC modulator overload flag.
e 1'b0: No overload
e 1'b1: ADC modulator overloaded

[3] PEAK_FLAG_LAT_CH2

Latched CH1 ADC peak detector flag.

e 1'b0: CH2 input signal < PEAK_THRESH_CH2
e 1'b1: CH2 input signal > PEAK_THRESH_CH2
Note: Requires reg26-27[13]
STATUS_CLEAR_CH2_PEAK_LATCH to clear flag.

[2] PEAK_FLAG_LAT_CH1

Latched CH2 ADC peak detector flag.

e 1'b0: CH1 input signal < PEAK_THRESH_CH1
e 1'b1: CH1 input signal > PEAK_THRESH_CH1
Note: Requires reg26-27[12]
STATUS_CLEAR_CH1_PEAK_LATCH to clear flag.

1] PEAK_FLAG_CH2

Unlatched CH2 ADC peak detector flag.
e 1'b0: CH2 input signal < PEAK_THRESH_CH2
e 1'b1: CH2 input signal > PEAK_THRESH_CH?2

[0] PEAK_FLAG_CH1

Unlatched CH1 ADC peak detector flag.
e 1'b0: CH1 input signal < PEAK_THRESH_CH1
e 1'b1: CH1 input signal > PEAK_THRESH_CH1
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Register 239-238: PEAK CH1 READ
Bits [15:0]
Default | -
Bits Mnemonic Description
[15:0] PEAK_LEVEL_CH1 ADC CH1 peak detector value readback.

PEAK_LEVEL CH1
Peak [dB] = 20 - log10 T +0.56

Register 241-240: PEAK CH2 READ

Bits [15:0]

Default | -

Bits Mnemonic Description

[15:0] PEAK_LEVEL_CH2 ADC CH2 peak detector value readback.

PEAK_LEVEL_CH2
Peak [dB] = 20 - log10 +0.56

216 _1q

Register 242: DAC STATUS FLAGS
Bits [7] [6] [5] [4] [3] [2] [1] [0]

Default | - - - -

Bits Mnemonic Description

[7] SS_RAMP_DOWN_CH2 Unlatched CH2 DAC soft ramped down flag.
[6] SS_RAMP_DOWN_CH1 Unlatched CH1 DAC soft ramped down flag.
[5] SS_RAMP_UP_CH2 Unlatched CH2 DAC soft ramped up flag.
[4] SS_RAMP_UP_CH1 Unlatched CH1 DAC soft ramped up flag.
[3] AUTOMUTE_CH2 Unlatched CH2 DAC automute status flag.
[2] AUTOMUTE_CH1 Unlatched CH1 DAC automute status flag.
[1] VOL_MIN_CH2 Unlatched CH2 DAC minimum volume flag.
[0] VOL_MIN_CH1 Unlatched CH1 DAC minimum volume flag.
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Register 243: RESERVED
Register 245-244: SPI MASTER BUSY

Bits [15] | [14:0]

Default | - -

Bits Mnemonic Description

[15] SPI_M_ASP_PROG_BUSY State of the SPI master bus, during the automated ASP

programming.

e 1'b0: SPI master bus idle
e 1'b1: SPI master bus busy
[14:0] RESERVED N/A

Register 251-246: RESERVED
Register 252: SPI MASTER DATA IN

Bits [7:0]

Default | -

Bits Mnemonic Description

[7:0] SPI_M_DATA_I Byte of data read from the SPI slave device.
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ES9291 Reference Schematic
Hardware (HW) Mode
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Figure 40 - ES9291 Hardware Mode Reference Schematic

Note 1: The ES9291 48QFN package has an exposed pad (Pin 49) that must be connected to ground.

Note 2: It is recommended to use decoupling capacitors with the lowest ESR (Equivalent Series Resistance) available.

Note 3: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.
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Software (SW) Mode
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Figure 41 - ES9291 Software Mode Reference Schematic
Note 1: The ES9291 48QFN package has an exposed pad (Pin 49) that must be connected to ground.
Note 2: It is recommended to use decoupling capacitors with the lowest ESR (Equivalent Series Resistance) available.

Note 3: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.
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Differential Input Stage
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Figure 42 - Differential Input Stage Reference Schematic

Note: INPUT BIAS is sourced from VREF_ADC (Pin 10).
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Figure 43 - Single-Ended Input Stage Reference Schematic
Note: INPUT BIAS is sourced from VREF_ADC (Pin 10).
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Figure 44 - Recommended Power Supply
Note 1: It is recommended to use Tantalum and COG capacitors (where indicated) to achieve the highest performance.

Note 2: In all configurations Ve must remain floating. SNSx and OUTx pins must be connected to the 4.7uF capacitor and
the 100nF capacitor as close to the ES9312 as possible.
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ES9291 PCB Layout Guidelines

To maximize performance of the ES9291 ESS Technology makes the following PCB Layout recommendations:

e Use of a 4+ layer PCB with an uninterrupted ground plane immediately beneath the chip. Both analog and digital
ground signal can be connected here.

¢ All bypass capacitors to be placed as close to the chip as possible while keeping clear ground paths between them
and the chip’s ground pins.

e The use of multiple vias for each supply near its bypass capacitor and chip ground pin.

e Minimize the use of vias for high-speed data and clock lines and avoid routing them near or directly underneath the
analog output signals.

e The ground connections for AGND_CP and the bypass capacitors for pins PNEG and AVCC_CP should be
separated from all other nearby ground connections with a small cutout on every PCB ground layer.

e Ensure the package pad is connected to ground plane on the back side of the PCB with multiple vias for heat
dissipation.
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Figure 45 - ES9291 Recommended PCB Layout Guidelines
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Internal Pad Circuitry

VDD is the respective positive supply for the pad.
VSS is the respective ground for the pad.
VEE is the respective negative supply for the pad.

Pad Structure Pin Name Pin Equivalent Circuit
Power Pad
AVCC_PLD 9 VDD o
Power AVCC_ADC 18
AVDD 39 ESD
AVCC_CP 44
VSS
VDD
AGND_DAC 13
Ground AGND_ADC 19 ESD
DGND 38 Ground Pad
AGND_CP 48 VSSO
VDD
% ESD
| D_@_ Reset
Reset CHIP_EN 43
PU/PD o——\W—
¥ ESD
VSS
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S_MISO/ADDRO/MUTEMCLK_CTRL | 21
S_CSB/ADDR1/HW2 22
S_SCLK/SCL/HW1 23
S_MOSI/SDA/HWO 24
MODE 25 VDD
GPIO7/M_CSB/HW4 26 OE &
GPIO6/M_MISO/HW3 27 0 Z@; ESD
GPIO5/M_MOSI 28 Digital /O
Digital 1/0 GPIO4/M_SCLK 29 | n—@
GPIO3 30
GPIO2/DATA5 31 PU/PD o——W}— ESD
DATA4 32 ?
GPIO1/DATA3 33 VSS
DATA2 34
DATA1 35
DATA_CLK 36
RT1 41
VDD
& ESD
Clock |

Clock | ACLK 40 | u—@

? ESD
VSS
VSS
& ESD
Analog I/0
Analog l/0 - VEE to JDET 1 00—
C2 46 I o—\W—

%-SESD

VEE
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VDD
VREF_ADC 10 &
VREF 11 ESD
MICBIAS 12 oo— Analog I/O
Analog I\//OD 5 VSS to VREF DAC 20
DVDD 37 | o—W—
PLL_REG 42 ESD
C1 45
VSS
VDD VSS
Analog I/0O - VDD & PNEG 47 % ESD % ESD
VSS Analog I/O
VEED
VSS
& ESD
DAC1B 3 Analog O
DAC1 4
- 0
Analog O - DAC DAC2 6 o
DAC2B 7
? ESD
VEE
VSS
*PowerLine &ESD
. _....Driver_ Analog O
Analog O - PowerLine ouT1 2
Driver OuT2 8
? ESD
VEE
Analog |
IN_P1 14 | O
IN_M1 15
Analog | - ADC -
IN_M2 16 ESD
IN_P2 17
VSS

Table 49 - ES9291 Internal Pad Circuitry
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48 QFN Package Dimensions
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Figure 46 - ES9291 48 QFN Package Dimensions
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48 QFN Top View Marking
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Marking is subject to change. This drawing is not to scale.

Figure 47 - ES9291 48 QFN Top View Markings
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Reflow Process Considerations

Temperature Controlled
For lead-free soldering, the characterization and optimization of the reflow process is the most important factor to consider.

The lead-free alloy solder has a melting point of 217°C. This alloy requires a minimum reflow temperature of 235°C to
ensure good wetting. The maximum reflow temperature is in the 245°C to 260°C range, depending on the package size
(RPC-2-Pb-Free Process - Classification Temperatures (Tc)). This narrows the process window for lead-free soldering to
10°C to 20°C.

The increase in peak reflow temperature in combination with the narrow process window makes the development of an
optimal reflow profile a critical factor for ensuring a successful lead-free assembly process. The major factors contributing
to the development of an optimal thermal profile are the size and weight of the assembly, the density of the components, the
mix of large and small components, and the paste chemistry being used.

Reflow profiling needs to be performed by attaching calibrated thermocouples well adhered to the device as well as other
critical locations on the board to ensure that all components are heated to temperatures above the minimum reflow
temperatures and that smaller components do not exceed the maximum temperature limits (Table RPC-2).

To ensure that all packages can be successfully and reliably assembled, the reflow profiles studied and recommended by
ESS are based on the JEDEC/IPC standard J-STD-020 revision D.1.
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Figure 48 - IR/Convection Reflow Profile (IPC/JEDEC J-STD-020D.1)
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Reflow is allowed 3 times. Caution must be taken to ensure time between re-flow runs does not exceed the allowed time by
the moisture sensitivity label. If the time elapsed between the re-flows exceeds the moisture sensitivity time, bake the board
according to the moisture sensitivity label instructions.

Manual

Allowed up to 2 times with maximum temperature of 350°C no longer than 3 seconds.

RPC-1 Classification Reflow Profile

Profile Feature Pb-Free Assembly

Preheat/Soak

Temperature Min (Tsmin) 150°C

Temperature Max (Tsmax) 200°C

Time (ts) from (Tsmin to Tsmax) 60-120 seconds

Ramp-up rate (TL to Tp) 3°C / second maximum

Liquidous temperature (TL) 217°C

Time (tL) maintained above TL 60-150 seconds
For users Tp must not exceed the classification temp in
Table RPC-2.

Peak package body t ture (T
eak package body temperature (Tp) For suppliers Tp must equal or exceed the Classification

temp in Table RPC-2.

Time (tp)* within 5°C of the specified classification
temperature (Tc)

Ramp-down rate (Tp to TL) 6°C / second maximum
Time 25°C to peak temperature 8 minutes maximum

30* seconds

* Tolerance for peak profile temperature (Tp) is defined as a supplier minimum and a user maximum.
Table 50 - RPC-1 Classification Reflow Profile

All temperatures refer to the center of the package, measured on the package body surface that is facing up during
assembly reflow (e.g., live-bug). If parts are reflowed in other than the normal live-bug assembly reflow orientation (i.e.,
dead-bug), Tp shall be within £2°C of the live-bug Tp and still meet the Tc requirements, otherwise, the profile shall be
adjusted to achieve the latter. To accurately measure actual peak package body temperatures, refer to JEP140 for
recommended thermocouple use.

Reflow profiles in this document are for classification/preconditioning and are not meant to specify board assembly profiles.
Actual board assembly profiles should be developed based on specific process needs and board designs and should not
exceed the parameters in Table RPC-1.

For example, if Tc is 260°C and time tp is 30 seconds, this means the following for the supplier and the user.
For a supplier: The peak temperature must be at least 260°C. The time above 255°C must be at least 30 seconds.
For a user: The peak temperature must not exceed 260°C. The time above 255°C must not exceed 30 seconds.

All components in the test load shall meet the classification profile requirements.
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RPC-2 Pb-Free Process - Classification Temperatures (Tc)

Package Thickness Volume mm3, <350 Volume mm3, 350 to 2000 Volume mm3, >2000
<1.6 mm 260°C 260°C 260°C
1.6 mm-2.5mm 260°C 250°C 245°C
>2.5 mm 250°C 245°C 245°C

Table 51 - RPC-2 Pb Free Classification Temperatures

At the discretion of the device manufacturer, but not the board assembler/user, the maximum peak package body
temperature (Tp) can exceed the values specified in Table RPC-2. The use of a higher Tp does not change the
classification temperature (Tc).

Package volume excludes external terminals (e.g., balls, bumps, lands, leads) and/or nonintegral heat sinks.

The maximum component temperature reached during reflow depends on package thickness and volume. The use of
convection reflow processes reduces the thermal gradients between packages. However, thermal gradients due to
differences in thermal mass of SMD packages may still exist.
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Ordering Information

Part Number | Description Package

ES9291Q Stereo High-Performance SMART CODEC with PowerLine Driver 7x7mm 48 QFN

Table 52 - Ordering Information
Revision History

Current Version 0.3.1

Rev. | Date Notes
0.2 | December, 2025 Initial Production Release
0.2.1 | December, 2025 e Updated Pin Descriptions with required capacitor notes

e Updated PDM Microphone Decoder Pin Connections

e Updated ADC and DAC Digital Signal Path with THD Comp. blocks
e Updated DC Offset Note & DAC Digital Filters

e Updated DAC Automute and Soft Ramp Sections

e Updated PowerLine Driver Section

e Updated BCK and WS Timing

e Corrected default value for Register 64[2:0]

e Updated Registers 117[0], 118[2]

e Unreserved 117[6:4], 122-124[20], 125[1:0]

e Updated Reference Schematic and capacitor specifications
e Updated Performance Table & TDM Daisy Chain Mode

e Added TDM Parallel Mode & Clock Distribution

e Updated I12C Slave Interface Timing

e Updated Recommended Power Up Sequence

0.3 | July, 2026

e Added Maximum/Minimum Input Voltage on IN_P IN_M pins
e DSD/PDM format figures updated for clarity

e Added Internal Pad Circuitry

e Updated Pin Types for 48 QFN Pin List

e Update SPI Slave and Master pin names

e Updated ADC Input Impedance

0.3.1 | October, 2026

© 2025-2026 ESS Technology, Inc.

ESS ICs are not intended, authorized, or warranted for use as components in military applications, medical devices or life support systems. ESS assumes no liability and disclaims any
expressed, implied or statutory warranty for use of ESS ICs in such unsuitable applications.

No part of this publication may be reproduced, stored in a retrieval system, transmitted, or translated in any form or by any means, electronic, mechanical, manual, optical, or otherwise,
without the prior written permission of ESS Technology, Inc. ESS Technology, Inc. makes no representations or warranties regarding the content of this document. All specifications are
subject to change without prior notice. ESS Technology, Inc. assumes no responsibility for any errors contained herein. U.S. patents pending.

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM 178



	Table of Contents
	List of Figures
	List of Tables
	List of Terms and Abbreviations
	Functional Block Diagram
	ES9291 Package
	48 QFN Pinout
	48 QFN Pin List

	Configuration Modes
	Design Information
	Software Mode
	I²C Slave Interface Commands
	SPI Slave Interface Commands

	Hardware Mode
	Recommended Hardware Mode Setup Sequence
	Hardware Pin Configurations Pt1
	Hardware Pin Configurations Pt2
	GPIO Functions in Hardware Mode
	Mute and MCLK Control


	Digital Features
	Audio Input/Output Formats
	PCM/TDM Encoder
	PCM/TDM Decoder
	PCM (I²S, LJ) Format
	TDM Format
	DSD Decoder
	DSD Format
	DoP Decoder
	DoP Format
	PDM Microphone Decoder (Microphone Input to ADC)
	PDM Decoder (DAC Input)
	PDM Format
	S/PDIF Encoder

	SPI Master Interface
	SPI Write
	SPI Read
	SPI Simultaneous Read and Write
	SPI Serial Flash Control & Shift Register Control

	ASP2 (Audio Signal Processor)
	Advanced Mixing

	ADC Digital Signal Path
	Mic Bias
	DC Blocking
	ADC IIR
	ADC 8x FIR
	Peak Detector
	ADC Volume
	ADC Gain

	DAC Digital Signal Path
	DAC Volume
	Soft Ramp & DC Offset
	Automute
	DAC Gain
	DAC 8x FIR
	DAC IIR
	Direct Monitor Volume
	Direct Monitor Gain

	GPIO Configuration
	GPIOx Default states:
	Analog Outputs Off
	Mute DAC Channels
	Clock Valid Flag
	PLL Locked Flag
	DAC Minimum Volume Flag
	DAC Automute Status
	DAC Soft Ramp Done Flag
	ADC Detection Flag
	OR of Status Bits
	S/PDIF Stream
	PWM Signal
	ASP Status Flags In
	ASP Status Flags Out
	Output 1’b0
	Jack Detect Flag

	Pre-Programmed Digital Filters
	ADC: PCM Filter Latency
	ADC: PCM Filter Properties
	ADC: PCM Filter Frequency Response
	ADC: PCM Filter Impulse Response
	ADC: 64FS Mode
	ADC: Minimum Phase 64FS Mode Latency
	ADC: Minimum Phase 64FS Properties
	ADC: Minimum Phase 64FS Frequency Response

	DAC: PCM Filter Latency
	DAC: PCM Filter Properties
	DAC: PCM Filter Frequency Response
	DAC: PCM Filter Impulse Response
	DAC: 64FS Mode
	DAC: Minimum Phase 64FS Mode Latency
	DAC: Minimum Phase 64FS Properties
	DAC: Minimum Phase 64FS Frequency Response
	DAC: Minimum Phase 64FS Impulse Response


	Sample Rate Calculation
	TDM Daisy Chain Mode
	TDM Parallel Mode
	THD Compensation
	Clock Distribution
	MCLK
	MCLK_24M
	MCLK_128FS
	Master DCLK
	Slave DCLK
	MCLK_PDM_MIC
	CP_CLK


	Analog Features
	APLL
	Jack Detect
	Temperature Sensor
	Mic-Bias
	Charge Pump
	PowerLine Driver

	Absolute Maximum Ratings
	ESD Ratings
	IO Electrical Characteristics
	Switching Characteristics
	Timing Characteristics
	Master Clock (MCLK) and Bit-Clock (BCK) Timing
	45.1584/49.152MHz

	Bit-Clock (BCK) and Word-Select (WS) Timing
	Master Mode
	Slave Mode

	I²C Slave Interface Timing
	SPI Slave Interface Timing

	Recommended Operating Conditions
	Recommended Power Up Sequence
	Power Consumption
	Performance

	Register Overview
	Read/Write Register Addresses
	Read-Only Register Addresses
	Multi-Byte Registers

	Register Map
	Register Listing
	System Registers
	Register 0: SYS CONFIG
	Register 1: FS CONFIG
	Register 2: ENCODER CONFIG
	Register 3: INPUT & OUTPUT SELECT
	Register 4: FRONT-END CLOCK CONTROL
	Register 5: BACK-END CLOCK CONTROL
	Register 6: MASTER CLK CONFIG
	Register 7: MISC CLOCK CONFIG
	Register 8: MASTER MODE CONFIG
	Register 9: TDM CONFIG 1
	Register 10: TDM CONFIG 2
	Register 11: TDM ENC CH1 SLOT CONFIG
	Register 12: TDM ENC CH2 SLOT CONFIG
	Register 13: TDM DEC CH1 SLOT CONFIG
	Register 14: TDM DEC CH2 SLOT CONFIG
	Register 15: TDM ENC DAISY CHAIN
	Register 16: TDM DEC DAISY CHAIN
	Register 17: DSD MAPPING
	Register 18: PDM I/O CONFIG
	Register 19: PDM MIC CONFIG
	Register 20: PDM MIC CLK SELECT
	Register 21: S/PDIF DATA SELECT
	Register 22: S/PDIF CS ADDR
	Register 23: S/PDIF CS DATA
	Register 24: VOLUME UP RAMP RATE
	Register 25: VOLUME DOWN RAMP RATE
	Register 26: VOLUME RAMP SPEED
	Register 29-27: RESERVED
	Register 30: STATUS BITS MASK
	Register 31: STATUS BITS CLEAR
	Register 48-32: RESERVED

	GPIO Registers
	Register 49: GPIO1/2 CONFIG
	Register 50: GPIO3/4 CONFIG
	Register 51: GPIO5/6 CONFIG
	Register 52: GPIO7/8 CONFIG
	Register 53: GPIO INPUT ENABLE
	Register 54: GPIO OUTPUT ENABLE
	Register 55: GPIO INVERT
	Register 56: GPIO WEAK KEEPER
	Register 57: GPIO READ
	Register 58: GPIO ADC FLAG CONFIG
	Register 59: GPIO DAC FLAG CONFIG
	Register 60: PWM COUNT
	Register 62-61: PWM FREQUENCY

	ADC Registers
	Register 63: ADC NEGATION
	Register 64: ADC FIR FILTER
	Register 65: RESERVED
	Register 66: DC BLOCKING
	Register 67: ADC VOLUME CH1
	Register 68: ADC VOLUME CH2
	Register 69: ADC DIGITAL GAIN
	Register 70: ADC PHASE INVERSION
	Register 72-71: ADC THD COMP C2
	Register 74-73: ADC THD COMP C3
	Register 75: PEAK DETECT ENABLE
	Register 76: PEAK DETECT CONFIG
	Register 78-77: PEAK THRESHOLDS
	Register 81-79: RESERVED
	Register 82: MIC BIAS

	DAC Registers
	Register 83: DAC FILTER CONFIG
	Register 84: DAC VOLUME CH1
	Register 85: DAC VOLUME CH2
	Register 86: DIRECT MONITOR VOLUME CH1
	Register 87: DIRECT MONITOR VOLUME CH2
	Register 88: DAC DIGITAL GAIN
	Register 89: DAC PHASE INVERSION
	Register 90: DAC MUTE
	Register 91: SOFT RAMP CONFIG
	Register 93-92: DC OFFSET
	Register 94: AUTOMUTE ENABLE
	Register 96-95: AUTOMUTE TIME
	Register 98-97: AUTOMUTE LEVEL
	Register 100-99: AUTOMUTE OFF LEVEL
	Register 102-101: DAC THD COMP C2
	Register 104-103: DAC THD COMP C3
	Register 110-105: RESERVED
	Register 111: CHARGE PUMP CONFIG
	Register 112: CHARGE PUMP CLOCK DIV
	Register 115-113: RESERVED

	PLL Registers
	Register 116: PLL CLOCK SELECT
	Register 117: PLL VCO & CP
	Register 118: PLL REGULATOR
	Register 121-119: PLL FEEDBACK DIV
	Register 124-122: PLL IN & OUT DIV
	Register 125: PLL VCO CONTROL 1
	Register 130-126: RESERVED

	ASP Registers
	Register 131: ASP CONTROL
	Register 132: ASP BYPASS
	Register 133: RESERVED
	Register 134: ASP PAIRED MODE
	Register 135: ASP INPUT3 SELECT
	Register 136: ASP PRAM WRITE EN
	Register 137: ASP COEFF DATA WRITE EN
	Register 138: ASP PROG MEM ADDR
	Register 142-139: ASP PROG MEM DATA
	Register 146-143: DMA DATA2
	Register 150-147: DMA DATA3
	Register 154-151: DMA DATA4
	Register 158-155: DMA DATA5
	Register 162-159: DMA DATA6
	Register 166-163: DMA DATA7
	Register 170-167: DMA DATA8
	Register 171: DMA CORE MASK
	Register 172: DMA WRITE EN
	Register 173: SPI MASTER CONFIG
	Register 174: SPI MASTER DATA OUT

	Readback Registers
	Register 224: CODEC VALIDITY READ
	Register 225: CHIP ID
	Register 231-226: RESERVED
	Register 232: AUTO FS READ
	Register 233: CLOCK VALIDITY
	Register 234: JACK DETECT READBACK
	Register 235: TEMP SENSE READ
	Register 236: GPIO READBACK
	Register 237: ADC CLIP DETECT FLAGS
	Register 239-238: PEAK CH1 READ
	Register 241-240: PEAK CH2 READ
	Register 242: DAC STATUS FLAGS
	Register 243: RESERVED
	Register 245-244: SPI MASTER BUSY
	Register 251-246: RESERVED
	Register 252: SPI MASTER DATA IN


	ES9291 Reference Schematic
	Hardware (HW) Mode
	Software (SW) Mode
	Differential Input Stage
	Single-Ended Input Stage
	Power Supply

	ES9291 PCB Layout Guidelines
	Internal Pad Circuitry
	48 QFN Package Dimensions
	48 QFN Top View Marking
	Reflow Process Considerations
	Temperature Controlled
	Manual
	RPC-1 Classification Reflow Profile
	RPC-2 Pb-Free Process - Classification Temperatures (Tc)

	Ordering Information
	Revision History


  N  ( t ) =   N 0 e x p  (   − M C L K _ 24 M ∗ t   2  d e c a y _ r a t e + 9 )


  N  ( t ) =   N 0 −   20 ∗ M C L K _ 24 M ∗ t  l n  ( 10 ) ∗  2  d e c a y _ r a t e + 9  [ d B ]


  N  ( t ) =   N 0 −   20 ∗ M C L K _ 24 M ∗ t  l n  ( 10 ) ∗  2  d e c a y _ r a t e + 9  [ d B ]


    d N  d t = −   N ∗ M C L K _ 24 M   2  d e c a y _ r a t e + 9  [ 1 / s ]


    d N  d t = −   N ∗ M C L K _ 24 M   2  d e c a y _ r a t e + 9  [ 1 / s ]


  threshold [dB] = 20 · log 10    (      (       PEAK_THRESH_CHx       2   8 − 1 ) )


  threshold [dB] = 20 · log 10    (      (       PEAK_THRESH_CHx       2   8 − 1 ) )


   N 0 : Initial Level 


  Vol Step Rate [inc/s] =     VOL_RAMP_RATE_UP/DOWN · F S       2   12


  Soft Ramp Time [s] =        2   16 ·    2    SOFT_RAMP_TIME    M C L K ·    2    ~MCLK_24M_DIV2


  T i m e  [ s ] =    2 18  A U T O M U T E _ T I M E ∗ F S


  L e v e l  [ d B ] =   20 ∗ l o   g 10  ( A U T O M U T E _ L E V E L )   (  2 16 − 1 ) ∗  2 7


  L e v e l  [ d B ] =   20 ∗ l o   g 10  ( A U T O M U T E _ L E V E L )   (  2 16 − 1 ) ∗  2 7


  f r e q u e n c y    [ H z ] =   M C L K  P W M _ F R E Q + 1


  


  F S    [ H z ] =   Y ∗ M C L K   ( X + 1 ) ∗  (  128   2  Z )


  F S    [ H z ] =   1 ∗ 49 . 152 M H z   ( 7 + 1 ) ∗  (  128   2 0 ) =   49 . 152 M H z  8 ∗ 128 = 48 k H z


  o u t p u t   =   x   +   c 2 ∗   x 2 +   c 3 ∗   x 3


  MCLK ∗    2  MCLK_128FS_DIV_HALF  MCLK_128FS_DIV = MCLK_128FS = 128 ∗ FS


      F  r e f   =    (     F  i n    N  i )


              F  v c o   =    (     F  i n    N  i ) ∗   N  f b    


      N  f b   =      2 25  F B D I V


      F  o u t   =    (     F  i n    N  i ) ∗     N  f b    N  o


  Temperature [˚C] =   TS_DATA ∗   3 . 2151   −   247


  CP_CLK [Hz] =     MCLK     2  MCLK_24M_DIV2 ·    (   CP_CLK_DIV + 1 )


    t  M R B ≤   t  M R B 1  


  O R  


  O R  


    t  M R B ≥   t  M R B 2


    t  M R B ≥   t  M R B 2


    t  d i g i t a l _ o u t  [ s ] =  ( 3 +  900000   2  ~ M C L K _ 24 M _ D I V 2 ) ∗  (  1  M C L K ) ≈ 18 . 3 m s


    t  a n a l o g _ o u t  [ s ] =  ( 2 +   950000 +  2  16 + S O F T _ R A M P _ T I M E   2  ~ M C L K 2 _ 24 M _ D I V 2 ) ∗  (  1  M C L K ) +  4  F S ≈ 30 m s   @   48 k H z


    t  a n a l o g _ o u t  [ s ] =  ( 2 +   950000 +  2  16 + S O F T _ R A M P _ T I M E   2  ~ M C L K 2 _ 24 M _ D I V 2 ) ∗  (  1  M C L K ) +  4  F S ≈ 30 m s   @   48 k H z


    PDM_CLK [Hz] =     MCLK    2 ·    (   PDM_MIC_CLK_DIV + 1 )


    ramp_step[inc/sample] =     VOL_RAMP_RATE_UP       2   12


    ramp_step[dec/sample] =     VOL_RAMP_RATE_DOWN       2   12


    frequency [Hz] =     MCLK    PWM_FREQ + 1


    Duty Cycle [%] =    (       PWM_COUNT    PWM_FREQ + 1 ) · 100


    Duty Cycle [%] =    (       PWM_COUNT    PWM_FREQ + 1 ) · 100


    o u t p u t = x + c 2 ·     x   2 + c 3 ·     x   3


    o u t p u t = x + c 2 ·     x   2 + c 3 ·     x   3


    threshold [dB] = 20 · log 10    (       PEAK_THRESH_CH2       2   8 − 1 ) + 0 . 56


    threshold [dB] = 20 · log 10    (       PEAK_THRESH_CH1       2   8 − 1 ) + 0 . 56


    Time [s] =        2   16 ·    2    SOFT_RAMP_TIME    M C L K ·    2    ~MCLK_24M_DIV2


    Time [s] =        2   18    AUTOMUTE_TIME · F S


    level [dB] = 20 · log 10    (       AUTOMUTE_LEVEL       (      2   16 − 1 ) ·    2   7 )


    level [dB] = 20 · log 10    (       AUTOMUTE_OFF_LEVEL       (      2   16 − 1 ) ·    2   7 )


    o u t p u t = x + c 2 ·     x   2 + c 3 ·     x   3


    o u t p u t = x + c 2 ·     x   2 + c 3 ·     x   3


    CP_CLK [Hz] =     MCLK       2    MCLK_24M_DIV2 ·    (   CP_CLK_DIV + 1 )


    SCLK [Hz] =     MCLK    2 · SPI_M_PULSE_WIDTH


    FS [Hz] =     Y · M C L K       (   X + 1 ) ·    (        128   2  Z )


    Temperature [°C] =    (   TS_DATA · 3 . 2151 ) − 247 . 27


    Peak [dB] = 20 · log 10    (       PEAK_LEVEL_CH1       2   16 − 1 ) + 0 . 56


    Peak [dB] = 20 · log 10    (       PEAK_LEVEL_CH2       2   16 − 1 ) + 0 . 56

