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Analog Reinvented

ES9841
4 Channel High Performance ADC
Product Datasheet

The SABRE ES9841 is a synchronous, high-performance 4-channel analog-to-digital (ADC) converter that targets
professional and consumer applications with outstanding audio quality and low bill-of-materials.

The ES9841 incorporates 4 ADCs using ESS’ patented Hyperstream® IV architecture which delivers unprecedented audio
sound quality and specification of a True DNR of +122dB and a THD+N of -115dB per channel in 4 channel mode and a

True DNR of +125dB in stereo mode.

The SABRE® ADC supports S/PDIF encoding, I*S master/slave, TDM outputs and PDM microphone inputs. The ES9841
can be controlled by software (I*C /SPI slave) or hardware mode (HW) to reduce programming complexity. A Master SP!I
port is also integrated allowing for external control of other devices.

The ES9841 has an integrated patented Analog PLL which eliminates the requirement for an external oscillator with no loss

in specified performance.

Built-in pre-programmed digital filters, including a DC blocking filter, allowing for custom sound and latency preferences.

The ES9841 has an Ultra-Low Noise Floor Bandwidth of 200kHz. This bandwidth is up to 10 times wider than the
competition, enabling higher resolution at higher sample rates.

The ES9841 sets the standard for recording capabilities with regards to audio performance and customization, in a form
factor that is required for the most demanding recording applications.

FEATURE

+122dB True DNR per channel
+125dB True DNR 2 channel mode
-115dB THD+N ratio per channel

High Sample Rates
Integrated Analog PLL

Integrated Low Noise ADC Reference
Regulators

S/PDIF Encoding

Customizable Filter Selection

I?C, SPI & Hardware Control Interface

Multiple Output Formats

Low Power Consumption (mW/ch)

Low Pin Count Standardized Packages

APPLICATIONS

DESCRIPTION

Very high dynamic range with ultra-low noise and distortion

Support for sample rates up to and including 768kHz (using 64FS mode)

Improved low jitter Analog PLL to generate clocks and optionally eliminate the need for
external oscillator with no performance loss

Reduces BOM cost and printed circuit board (PCB) area
Integrated PCM data to S/PDIF output format

8 preset digital optimal filters + a DC blocking filter

Standard I?C or SPI interface for programming registers, or by bootstrapping pins in
Hardware (HW) mode

Supports Serial Data Interface including TDM, IS, LJ and S/PDIF outputs

Simplifies Power Supply Design
5mm x 5mm, 40 pin QFN, drop-in compatible with ES9840 (See pinout)

e Professional DAW Audio Recording e High quality record turntable to USB conversion

e Very high-quality microphones

e Professional Audio Equipment
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Figure 1 - ES9841 Block Diagram
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ES9841 Package
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Figure 2 - ES9841 Pinout
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40 QFN Pin Descriptions

Pin Name Pin Type | Reset State | Pin Description
, GPIO10 DO iz Generall /0 10 |
SCLKM SPI Serial Clock pin (Master), controlled by MODE
GPIO11 General I/0 11
2 | MOSIM DI/O HiZ SPI Main Out Sub In pin (Master), controlled by MODE
HW3 Hardware 3 interface pin, controlled by MODE
3 | MODE DI/O HiZ I2C/SPI Control selection or HW mode
4 | ACLK1 Clock | HiZ Clock Input 1
5 | AVCC Power Power Analog Supply
6 | AGND Ground | Ground Analog Ground
7 | NC No Connect
8 | ACLK2 Clock | HiZ Clock Input 2
9 | PLL_REG AO P/D Low Noise Supply for PLL, internally generated
10 | VREF_BUF_L AO P/D Left Low Noise Supply for ADC, internally generated
11 | AGND_L Ground | Ground Analog Ground Left
12 | IN_P1 Al HiZ ADC Channel 1 differential positive (+) input
13 | IN_M1 Al HiZ ADC Channel 1 differential negative (-) input
14 | IN_M3 Al HiZ ADC Channel 3 differential negative (-) input
15 | IN_P3 Al HiZ ADC Channel 3 differential positive (+) input
16 | IN_P4 Al HiZ ADC Channel 4 differential positive (+) input
17 | IN_M4 Al HiZ ADC Channel 4 differential negative (-) input
18 | IN_M2 Al HiZ ADC Channel 2 differential negative (-) input
19 | IN_P2 Al HiZ ADC Channel 2 differential positive (+) input
20 | AGND_R Ground | Ground Analog Ground Right
21 | VREF_BUF_R AO P/D Right Low Noise Supply for ADC, internally generated
22 | VREF AO P/D Low Noise Supply, internally generated
23 | CHIP_EN Reset HiZ Active-high chip enable.
24 | GPIO9 DI/O HiZ General I/0 w/extended functions
MOSIS SPI Main Out Sub In pin (Slave), controlled by MODE
25 | SDA DI/O HiZ I?C Serial Data pin, controlled by MODE
HWO Hardware 0 interface pin, controlled by MODE
SCLKS SPI Serial Clock pin (Slave), controlled by MODE
26 | SCL DI/O HiZ 1?C Serial Clock pin, controlled by MODE
HWA1 Hardware 1 interface pin, controlled by MODE

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM
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SSS SPI Slave Select (Slave) pin, controlled by MODE
27 | ADDR1 DI/O HiZ 12C Address 1 pin, controlled by MODE
HW?2 Hardware 2 interface pin, controlled by MODE
MISOS SPI Main In Sub Out pin (Slave), controlled by MODE
28 | ADDR2 D1/O HiZ 12C Address 2 pin, controlled by MODE
MUTE_MCLK_CTRL Hardware Mute Control pin, controlled by MODE
29 | DVDD AO P/D Digital Core Supply, Internally Supplied
30 | AVDD Power Power Digital & /0 Supply
31 | DGND Ground | Ground Digital Core Ground
GPIO8 General I/0 8 w/extended functions
32 D1/O Hiz :
SSM SPI Slave Select (Master) pin, controlled by MODE
GPIO7 General I/0 7 w/extended functions
33 D1/O Hiz . .
MISOM SPI Main In Sub Out pin (Master), controlled by MODE
34 | GPIO6 DI1/O HiZ General I/0 6 w/extended functions
35 | GPIO5 DI1/O HiZ General I/0 5 w/extended functions
GPIO4 General I/0 4 w/extended functions
36 D1/O Hiz .
DATA3 Serial Data 3
GPIO3 General I/0 3 w/extended functions
37 D1/O Hiz .
DATA2 Serial Data 2
GPIO2 General I/0 2 w/extended functions
38 D1/O Hiz .
DATA1 Serial Data 1
GPIO1 General I/0 1 w/extended functions
39 D1/O Hiz .
DATA_CLK Serial Data clock
40 | RT1 DI HiZ Reser\_/ed. Must be connected to DGND for normal
operation.
Not electrically connected, used for heat dissipation.
1
41 | Package Pad Connect to DGND

Table 1 - ES9841 40 QFN Pin Descriptions

1 Pin 41 is the package pad. See 40 QFN package dimensions for sizing. Connect to DGND.
1 ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM
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Feature List
The ES9841 has an extensive feature list. When compared to the previous generation ES9840, the ES9841 has added:

The ES9841 has a True DNR of +122dB
Integrated Analog PLL and low noise analog regulators
Individual digital gain settings for each channel of 0 to +42dB in +6dB steps
Hyperstream® |V Architecture improves audio performance while consuming less power than previous

generations.

Improved THD+N linearity

Hardware Modes
SPI Master Interface

ADC Clipping GPIO output

Configuration Modes
The ES9841 has 4 control programming modes which are controlled by the state of the MODE pin (Pin 3).

Table 2 - Mode Pin Configuration Options

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

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_MCLK_CTRL.

1 (Tie High)
AVDD or GPIO AVDD or GPIO
HWO/
470 HW1/ 47kQ
HW2/
- HW3/
MODE

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

Figure 3 - Example Hardware Mode Pin Configurations

Pull 1 (Pull High)

HW2/
HW3/
' MODE

Pull 0 (Pull

47KQ %

GND or GPIO

Low)

HW2/
- HW3/
MODE

0 (Tie Low)

HWO/
HWA1/

- HW2/
a0 % HW3/
MODE

GNDor GPIO
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Software Mode

The ES9841 supports a slave I2C 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 pinis a 0 (0V) for I°C ora 1 (AVDD)

for SPI.

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

I?C Slave Interface Commands

 MODE (Pin 3)-0 IC Address ADDR2 ADDR1 (Tied-Low)
e Connect per I’C 0x40 GND GND standard
o SDA (Pin 25)
o SCL (Pin 26) 0x42 GND AVDD
o ADDR?2 (Pin 0x46 AVDD AVDD 28)
Table 3 - I>C Addresses

scL : ' ' |
oA L/ i -
BEUNOOOCEEANNNNNNNIRNOOONRNRASE

Start 0x40 ACK 0x00 ACK 0x0F ACK
Write Address Register Data

SCL —mwwmwmwmmvwwmumm

SDA_\:_/_\ | )

lmlmmmmmmﬂlllmmmmnlllmmnmmmlmnmmlmmmlm STOP

Start

0x40

Write Address

ACK

OxE1
Register

ACK + Start

0x41
Read Address

Figure 4 - 1>C Write and Read Example
Note: CHIP_ID for the ES9841 is 0x91 in Register 225 (0xE1)

ACK

0x91

NACK

Data
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SPI Slave Interface Commands

e MODE (Pin 3) - 1 (Tied-High)
e Connect per SPI standard
MOSIS (Pin 25)
SCLKS (Pin 26)

SSS (Pin 27)

MISOS (Pin 28)

(@]

o O O

SS_I

SPI Command | First Byte
Write 0x03
Read 0x01

Table 4 - SPI Commands

T

SCLK W

MISO H|gh Z

' ngh Z

ngh z i

0000000000001111

MOSI 000000

0x03
Write

SS_I

0x00
Register

0x0F
Data

im

SCLK _Jlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ_ﬂMLHMUlﬂﬂﬂﬂﬂ_
nghZ /‘\0 0/T\0 0 0/_\

MISO __: HighZ

MOS| 0000000/1 11 1\0000/‘\H|ghz

0x01
Read

SS_I

0xE1
Register

0x91
Data

I I =

SCLK _mmuvmﬂﬂﬂﬂfmfmﬂfmmmm_

MISO H|th ' High Z 0101101011010000

MOSI 0000000/1111 1\0000H|th lH|th {
0x01 OXFO " Register0xFO  Register 0xF1
Read Register Byte 1 Byte 2

Figure 5 - SPI Write, Read, and Multi-byte Read Example

Note: CHIP_ID is 0x91 (ES9841) in Register 225 (OxE1)

MCLK Control

In Software Modes, Register 5[4] - MCLK_24M_DIV2 must be set correctly according to the external MCLK being used.

MCLK_24M_DIV2

MCLK

0

24.576MHz/22.5792MHz

1

49.152MHz/45.1584MHz

Table 5 - MCLK Control in Software Mode
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VERSION 0.4

\\ | \ | | |
ES9841 Product Datasheet \ :.‘EL‘E'

Hardware Mode

The ES9841 has pre-configured hardware modes that can be set with an external pin configuration. These modes configure
the ADC for different output formats such as PCM in slave or master mode, or PDM, or configure the ADC in TDM slave
modes to combine multiple chips together creating up to 16 channels of digital outputs.

Each hardware mode pin has 4 states that need to be set for each mode according to the Hardware Mode Pin
Configurations. Information on how to set the pin to the correct state be found in Design Information.

These modes are set with pins:
e MODE (Pin 3)
e HWO (Pin 25)
e HW1 (Pin 26)
e HW2 (Pin 27)
e MUTE_CTRL (Pin 28)

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
HWO
HW1

HW?2
HW3
MUTE_CTRL

]

Figure 6 - Hardware Mode Startup Sequence

> o] o] =]
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Hardware Mode Pin Configurations

HW# Mode Description | FS[kHzl | BCK[MHz] | BCK/Channel | ChannelSlots | MCLK[MHz] [Mode] HW2 HW1| HWO
32-bit PCM/SPDIF Master Modes

0 | IS Masteror SIPDIF | MCLK/128 | MCLK/2 (64*FS) 32 1, 2 or Mono 128*FS Pulo] 0 [0] 0O

1 | IS Masteror SIPDIF | MCLK/256 | MCLK/4 (64*FS) 32 1, 2 or Mono 256*FS Pulof 0 [0 ] 1

2 | IS Masteror SIPDIF | MCLK/512 | MCLK/8 (64*FS) 32 1, 2 or Mono 512*FS Pulof 0 [1] 0

3 | I’S Master or SIPDIF | MCLK/1024 | MCLK/16 (64*FS) 32 1,2 or Mono 1024*FS Pulof] 0 [ 1] 1

4 | LJMasteror SIPDIF | MCLK/128 | MCLK/2 (64*FS) 32 1, 2 or Mono 128*FS Pull 0| Pull0 [ 0 | O

5 | LJMasteror SIPDIF | MCLK/256 | MCLK/4 (64*FS) 32 1, 2 or Mono 256*FS Pull [ Pullo | 0 | 1

6 | LJMasteror SIPDIF | MCLK/512 | MCLK/8 (64*FS) 32 1, 2 or Mono 512*FS PullO| Pull0 [ 1 | O

7 | LJMasteror SIPDIF | MCLK/1024 | MCLK/16 (64*FS) 32 1, 2 or Mono 1024*FS Pul Of Pullo | 1 | 1

32-bit PCM/SPDIF Slave, Auto FS Detect & PLL

%S Slave ] 22.5792 | 24.576

8 Auto S 8 <FS <384 64*FS 32 f,20rMono | =" ea j4g 5o |PUIQPUIT | O | 0
I2S Slave

9 MCLK from PLL 48 3.072 32 1, 2 or Mono PullOf Pull1] 0 1
I2S Slave 45.1584 / 49.152

10 MCLK from PLL 96 6.144 32 1,2 or Mono From PLLY Pul o Pull1| 1 | 0
[2S Slave

11 MCLK from PLL 192 12.288 32 1,2 or Mono Pul O Pull1| 1 | 1
LJ Slave \ 22.5792 | 24.576

12 Ao ES 8 <FS <384 64*FS 32 f,20rMono | 2oy jag sy [PUIO[ 1| 0| 0
LJ Slave

13 MCLK from PLL 48 3.072 32 1,2 or Mono Pulof 1 | 0] 1
LJ Slave 45.1584 | 49.152

14 MCLK from PLL 96 6.144 32 1,2 or Mono Erom L |PUl0] 1 11 0
LJ Slave

15| MCLK from PLL 192 12.288 32 1,2 or Mono Pul 0 1 1] 1

Table 6 - Hardware Mode Pin Configurations

" Ensure MUTE_CTRL pin (Pin 28) is set to Pull 0 or Pull 1.
ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM
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Hardware Mode Pin Configurations (Continued)

E55

HW #| Mode Description| FS[kHz] | BCK [MHz] | BCK/Channel | Channel Slots| MCLK [MHz]  |[Mode| HW2 [HW1|HW0
32-bit TDM LJ Slave Modes, Auto FS Detect, Auto CH Num, Toggle Daisy Chain
16 8 <FS =384 |Auto(128FS, 256FS, 512FS, 1024FS) 32 1t04 Pul1 0 | 0 | O
17 8<FS<192 Auto(256FS, 512FS, 1024FS) 32 5t08 Pul1 0 [ 0 | 1
18 32-bit 8<FS<96 Auto(512FS, 1024FS) 32 9to0 12 Pul1 0 | 1] 0
19 | TDMLJ Slave 8<FS<96 Auto(512FS, 1024FS) 32 1310 16 225792 /24576 |(Pull1] 0 | 1 | 1
20 Auto FS 8<FS<48 Auto(1024FS) 32 1710 20 45.1584 /49.152 |Pull1/Pull0] 0 | 0
21 Auto CH Num 8<FS<48 Auto(1024FS) 32 211024 Pull 1{Pull0] 0 | 1
22 8<FS<48 Auto(1024FS) 32 2510 28 Pull 1|Pull0] 1 | 0
23 8<FS<48 Auto(1024FS) 32 2910 32 Pull 1[Pull0] 1 | 1
16-bit TDM LJ Slave Modes, Auto FS Detect, Auto CH Num, Toggle Daisy Chain
24 8<FS=<384 | Auto(64FS, 128FS, 256FS, 512FS) 16 1t04 Pull1|Pull1] 0 | O
25 8<FS<192 Auto(128FS, 256FS, 512FS) 16 5t08 Pull 1|Pull1] 0 | 1
26 16-bit 8<FS<96 Auto(256FS, 512FS) 16 9to0 12 Pull1|Pull1] 1 | 0
27 | TDMLJ Slave 8<FS<96 Auto(256FS, 512FS) 16 1310 16 22.5792/24.576 |Pull1|Pull1] 1 | 1
28 Auto FS 8<FS<48 Auto(512FS) 16 1710 20 451584 /49152 [Pull1] 1 | 0 | O
29 Auto CH Num 8<FS<48 Auto(512FS) 16 211024 Pul1] 1 [ 0 | 1
30 8<FS<48 Auto(512FS) 16 2510 28 Pul1 1 | 110
3 8<FS<48 Auto(512FS) 16 2910 32 Pul1] 1 [ 1 [ 1

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

The ES9841 supports specific functions using GPIO pins in hardware mode. The tables below show the available options

including ADC Input/Output Select, Automute, Filter Select, Daisy Chain Enable, and Mono Slot Select.

The HW3 Pin is used to select the Input and Output formats of the ADC in hardware mode. HW3 Selects between Analog
and PDM Inputs as well as toggles the SPDIF output.

HW3 Input Format Output Format SupBIorted il
odes
[2S/LJ Master 0-7
0 Analog 12S/LJ Slave 8-15
TDM Slave 16 - 31
Pull 0 S/PDIF 0-7
[2S/LJ Master 0-7
Pull 1 12S/LJ Slave 8-15
PDM TDM Slave 16 - 31
1 S/PDIF 0-7

Table 8 - ADC Input/Output Select with HW3 in Hardware Mode

GPIO8 Function Sup&c:)r(tiig 2/ HW3 Conditions Function Description
GPIO8 = AVDD - Ch1/2
S/PDIF Channel Select 0-7 Pull 0, 1 (S/PDIF) GPI08 = GND — Ch3/4
Mono Mode Enable 0-15 0 (IS, LJ Master/Slave) GPIO8 = AVDD ~ Mono On
GPIO8 = GND - Mono Off
Daisy Chain Enable 16 - 31 0, Pull 1 (TDM Slave) GPI08 = AVDD - Not Enabled
GPIO8 = GND - Daisy Chain Enabled
Table 9 - GPIO8 Functions in Hardware Mode
GPIO9 Function SUBEDE HW3 Conditions GPI.O. : Function Description
Modes Conditions
GPIO9 = AVDD - Stereo On
Stereo Mode Enable 0-15 0, Pull 0 (Analog Input) GPI09 = GND - Stereo Off
Mono Slot Select 0-15 0 (IS, L Master/Slave) | VDD GPI09 = AVDD - Siot 1
(Mono On) GPIO9 = GND - Slot 2
PDM Clock Al Pull 1, 1 (PDM Input) PCM CLK [0]

Table 10 - GPIO9 Functions in Hardware Mode

GPIO6 Function| GPIO5 Function

Supported HW Modes

HW3 Conditions | Function Description

{GPIO6, GPIO5} = 2600

+0dB Digital Gain

{GPI06, GPIO5} = 2’'b01 0-15 0, Pull0 +18dB Digital Gain

{GP106, GPIO5} = 2’b10 (Analog Input) +24dB Digital Gain

{GP106, GPIOS5} = 2'b11 +30dB Digital Gain
Pull 1,1

PDM Data 2 PDM Data 1 All (PDM Input) PDM_DATA1/21l]

Table 11 - GPIO 5 & 6 Functions in Hardware Mode

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM
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Supported HW . Supported HW
GPIO7 Modes Filter GPIO10 Modes DC Block
’ Filter 0 1'b0 Al Disabled
10 Minimum Phase b1 Enabled
All ; Table 13 - DC Block Enable with GP1010 in Hardware
b1 Filter 2 Mod
Linear Phase Fast Roll-Off ode
Table 12 - ADC Filter Select with GPIO7 in Hardware Mode
Mute and MCLK Control
Set MUTE_MCLK_CTRL (Pin 27) to mute the output while in Hardware Mode:
HW MUTE Control (Pin 27) Condition MCLK [MHz]
0 Mute 225792 | 24.576
1 Unmute 225792 | 24.576
Pull 0 Mute 45.1584 [ 49.152
Pull 1 Unmute 45.1584 [ 49.152

Table 14 - Mute and MCLK Control in Hardware Mode

Note: If MUTE_MCLK_CTRL (Pin 27) is set to the incorrect MCLK rate, the ADC may have degraded output performance.
Note: If using the MCLK from PLL Hardware Modes (9-11, 13-15), MUTE_MCLK_CTRL must be set to Pull 0 or Pull 1.
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Digital Features

Audio Input/Output Formats

The ES9841 supports multiple serial input/output formats which can be set either through Hardware Mode or Software
Mode.

The ES9841 can automatically adjust to the input sample rate in slave modes by enabling Register 1[0]
AUTO_FS_DETECT. The output data format is selected using Register 3[6:4] OUTPUT_SEL.

The formats include:

e PCM
o Slave and master mode in 16, 24, 32 - bit widths
o [I*S and Left-Justified (LJ)
o Sample rates up to 768kHz (64fs mode)

o Channel mapping
e TDM
o Up to 32 slots including daisy chain mode
o Daisy chain support
o Slave mode in hardware mode. Slave and master modes in software mode
o LJ format in hardware modes. I?S or LJ in software modes
o Channel mapping
e S/PDIF

o Stereo 2 Channel auxiliary output
o Channel Pair Select
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

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM 20
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PCM/TDM Encoder

The ES9841 integrates a 4 Channel 4 Line PCM/TDM Encoder output with @ maximum word width of 32-bits (default) and a
maximum bit depth of 32-bit (default). The encoder allows for IS, LJ, and TDM output streams.

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

PCM/TDM Encoder/Decoder Registers

e Register 2[0] ENABLE_TDM_ENCODE

e Register 3[6:4] OUTPUT_SEL = 3'b0

e Register 9[6] AUTO_CH_DETECT

e Register 9[4:0] TDM_CH_NUM

e Register 10[5:4] TDM_WORD_WIDTH

e Register 10[3:2] TDM_BIT_WIDTH

e Register 10[1] TDM_VALID_EDGE

e Register 10[0] TDM_LJ

e Register 10[6] NOISE_FLOOR_SHAPE_16BIT
PCM/TDM Encoder Mapping Registers

e Register 11-14[6:5] TDM_ENC_LINE_SEL_CHx

e Register 11-14[4:0] TDM_ENC_SLOT_SEL_CHx
TDM Daisy Chain Reqgisters

e Register 15[7] TDM_ENC_DAISY_CHAIN

e Register 15[4:0] TDM_ENC_DATA_LATCH_ADJ
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PCM (IS, LJ) Format

The input data is organized into 2 channels per data line, up to 2 data lines. Each encoder data slot can be mapped to any
ADC channel using Registers 11-14[4:0] TDM_ENC_SLOT_SEL_CHx respectively.

Pin Name Function Description
DATA_CLK PCM BCLK PCM Clock (Bit Clock), Master or Slave
DATA1 PCM WS PCM WS (Word Select/Frame Select), Master or Slave
DATA2 PCM ENC DATA1 | PCM Encoder Data Channel 1 & 2 (default)
DATA3 PCM ENC DATA2 | PCM Encoder Data Channel 3 & 4 (default)
Table 15 - PCM Pin Connections
WS ] LEFT | RIGHT ']
BCLK Lﬂﬂﬂm— LELELELFLRLE - [FLALHLELHLE -~ LFLFLFLELALE - Lﬂﬂﬂﬂf
32-Bit %;"3513|30|291 -------------------- [2]1 I%BU 29| -----emmee oo [2]1 nga,EsLGOl
24-Bit 3o - [2[1To 3R -~ e oo [2[1T0]23022)
:MSB SB EE] LSB:MSB
16-Bit 1155|14I13| -------------------- [2]1 Ifﬂ_l1413| -------------------- l2|1|gl1§14l
IMSE LSBI\-‘I B LSBEMSE
WS 1 LEFT | RIGHT i
BCLK LﬂfL‘FL'FLﬂI g EYEIETEETE R LFL‘FLFLFI_FL‘F g EIENEIENE Rl LFLHII_‘F
32-Bit ! 013029 - - ----creeeeneee-e. [2]1 Io BIRORY - -~ -----e-eenentts [2]1 Iugl
. MSB \[SBMSB |LSB MSB
24-Bit __ [0P3RAR e AN (17E e res [2[1]0k23
:LSB MSB :LSB MSB
16-Bit 10 L iF) TR PP e [2[1TOM5[4[3[ - - - - - oo - - ARNE

MSE

ILSB MSB ILSE MSB
I 1

Figure 7 - LJ (top) & I*S (bottom) for 16,24, and 32-bit Word Widths
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TDM Format

The ES9841 supports TDM format, allowing for 2 to 32 channels on a single data line. TDM is supported in both software
and hardware modes with the 4 Channel 4 Line TDM Encoder supporting outputs through DATA2-5.

In software mode, each encoder data slot can be mapped to any ADC channel using Register 11-14[4:0]
TDM_ENC_SLOT_SEL_CHx respectively.

Hardware modes each have their own slots that the four audio channels maps to. For example, in the case of TDM32
(32CH), the hardware mode will be configured so that slots 1 through 4 will map to one device (HW mode #16), slots 5
through 8 will map to a second device (HW mode #17), slots 9 through 12 will map to a third device (HW mode #18), and so
on until slots 29 through 32 mapping to a 8! device respectively (HW mode #23).

Pin Name Function Direction | Description
DATA_CLK TDM BCLK [/0] TDM Clock, Master, or Slave
DATA1 TDM WS (/0] ;Iﬁal://leWS (Word Select/Frame Select), Master or
DATA?2 TDM ENC DATA1 [O] TDM Encoder DATA1 Channel 1 & 2 (default)
DATA3 TDM ENC DATA2 [O] TDM Encoder DATA2 Channel 3 & 4 (default)
TDM ENC DAISY (1] TDM Encoder Daisy Chain Input
DATA4 TDM ENC DATA3 [O] Optional TDM Encoder DATA3 Channel
DATA5 TDM ENC DATA4 [O] Optional TDM Encoder DATA4 Channel
Table 16 - TDM Pin Connections
WS | | |
: PULSE SUBFRAME : I
BCLK ALﬂ_ﬂ_ﬂ_ﬂf 3230LK—>|4— 32BCLK —bld— 32BCLK —>|4— 2BCLK —bll
D ATA | SLOT1 [ SLOT 2 | SLOT 3 [ sLoT4 |
Figure 8 - TDM4 Mode
WS JT L |

! PULSE SUBFRAME !

. ! .
BC LK A I_f_ 32BCLK — |4 328CLK —b|— 32CLK —b]4— 328CLK —b|4— 32BCLK —b|4— 328CLK —]4— 328CLK —b|— 32BCLK — 4
I I

I
DATA | sort | stz | swots | sore ] sors | swote | stot7 | siors ]

Figure 9 - TDM8 Mode

1
WS JT L | |
| PULSE  SUBFRAME : :
B CL K AU_ BIBOLK | 32BCLK — || 32BCLK — s 32BCLK — s 32BCLK — v »|e— 32801k _’:‘
1 1 1
D ATA I SLOT 1 I SLOT2 [ SLOT37 I SLOT8 I SLOT9 I SLOT 10 I SLOT 14-15 I sore |

Figure 10 - TDM16 Mode
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PDM Decoder (PDM Microphone Input)

The ES9841 can receive input audio from a PDM microphone using the integrated PDM decoder. To use the PDM
microphone signal in software mode, ENABLE_PDM_MIC_DECODE must be set. PDM Microphone input is also supported
in hardware mode, see GPIO Functions in Hardware Mode for more information.

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

PDM Decoder (Microphone Input) Registers:
e Register 3[0] ENABLE_PDM_MIC_DECODE
e Register 21[4] PDM_MIC_INPUT_DATA_PHASE
e Register 21[5] PDM_MIC_INPUT_SAMPLE_EDGE
e Register 21[6] PDM_MIC_INPUT_SEL_CH12
e Register 21[7] PDM_MIC_INPUT_SEL_CH34
e Register 22[6:0] PDM_CLK_DIV

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 Reg 21[4] PCM_MIC_INPUT_DATA_PHASE = 1'b1.

Pin Name Function Description

GPIO9 PDM MIC CLK PDM Microphone Clock

DATA4 PDM MIC DATA 1 PDM Microphone Input DATA Channels 1 & 2
DATAS PDM MIC DATA 2 PDM Microphone Input DATA Channels 3 & 4

Table 17 - PDM Decoder (Microphone Input) Pin Connections

CLK t iy it sy sy s
DATA1 i ICH1|CH2|CH1ICH2|CH1ICH2|CHWICHZII::::

D ATA2 . ICH3]CH4|CH3ICH4|CH3|CH4|CH3|CH4|::::

Figure 11 - PDM 4 Channel Format

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM 24



VERSION 0.4

\\ | \ | | |
ES9841 Product Datasheet \ :.‘EL‘E'

S/PDIF Encoder

The ES9841 features a stereo auxiliary S/PDIF Encoder that can directly output a pair of channels (1/2, 3/4) which can be
selected with SPDIF_CH_PAIR_SEL. The S/PDIF encoder can be enabled with ENABLE_SPDIF_ENCODE and output can
be sent over 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. To do this, ensure OUTPUT_SEL is still set to PCM or TDM, and set up the
respective GPIO as the S/PDIF Encoders output.

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 2[4] ENABLE_SPDIF_ENCODE
e Register 3[6:4] OUTPUT_SEL = 3'd5
e Register 23[1] SPDIF_CH_PAIR_SEL
e Register 24[7] SPDIF_CS_WE
e Register 24[2:0] SPDIF_CS_BYTE_ADDR
e Register 25 SPDIF_CS_BYTE_DATA
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SPI Master Interface

The ES9841 features an SPI master interface that can be used 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 # SP| Master Function
GPI07 MISO Master (MISOM)
GPIO8 SS Master (SSM) or Chip Select Master (CSM)
GPIO10 SCLK Master (SCLKM)
GPI011 MOSI Master (MOSIM)
Table 18 - SPI Master Interface GPIO Connections

There are three registers related to using the SPI master interface.

e Register 122 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] SPI_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 123 SPI_MASTER_DATA_OUT contains the data byte to be sent from the SPI master interface.
o Register 247 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 (GPIO8) will be set low by default. When Register 122 [3]
SPI_M_EN is set high, enabling the SPI master interface, the chip select will output high.
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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 multiple bytes of data sequentially, Register 122 [1] SPI_M_SEND_BYTE must remain low
for automatic SPI data output. Each time Register 123 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 122 SPI MASTER CONFIG
[7:4] SPI_M_PULSE_WIDTH sets the SPI clock speed
[3] SPI_M_EN = 1’b1 enables the SPI master
[2] SPI_M_MODE selects between SPI modes 0 and 3
[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 123. This will automatically start the SPI transaction.
o After receiving the write-register command the chip select output (GPIO8) 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 122 [0] SPI_M_START low will end the SPI transaction by setting the chip select high.

o O O O

To write multiple bytes of data in one SPI transaction repeat step 2 for each byte. As an example, the following sequence
will write two sequential bytes to an SPI device like a Serial-In to Parallel-Out (SIPO) Shift Register.

void I2C_WriteByte(uint32_t datal, uintlé_t data2)
{
I2C_WriteReg(122, ©x19); // Start SPI
I2C_WriteReg(123, datal); // Output datal
I2C_WriteReg(123, data2); // Output data2

I2C_WriteReg(122, 0x18); // End SPI
¥
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SPI Read

The data byte received on the SPI master interface is stored in Register 247 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 122 [1] SPI_M_SEND_BYTE bit remains low. In this configuration when Register 247 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 123 SPI_MASTER_DATA_OUT will be output
again for each read-register command on Register 247.

The following example sequence reads two sequential 8-bit values from a Parallel-In to Serial-Out (PISO) Shift Register.

uintl6_t I2C_ReadBytes()

{
I2C_WriteReg(122, 0x19); // Start SPI
I2C_WriteReg(123, 0x00); // Dummy data to load in first byte from Shift Register
uint8_t inl = I2C_ReadReg(247); // Reads first byte from ES9841 and then loads second byte from Shift Register
I2C_WriteReg(122, 0x18); // End SPI
uint8_t in2 = I2C_ReadReg(247); // Reads second byte from ES9841
return (inl << 8 | in2); // 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 I?C or SPI slave
interfaces. 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.
7.

While the SPI master is not currently active, load the first byte of data into Register 123

Enable the SPI output with Register 122 and set bit [1] high to begin the SPI transaction and output the first byte of
data

While Register 122 [1] remains high, the first data byte received can be readback (Register 247) without
automatically triggering another byte sequence

The second byte of data to be transmitted can then be loaded into Register 123, again without automatically
triggering a byte sequence.

Then Register 122 [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 247 and the next byte loaded into Register 123 again.
To end the SPI transaction set Register 122 [0] low and the chip select will immediately be set high.

As long as Register 122 [1] is high, data can be written and read from the SPI master interface without automatically
trigger the SPI master output. Any time the bit is set high the SPI master interface will output the data currently in
Register 123 and replace the data in readback Register 247. 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(123, 0x03); // Load first data byte
I2C_WriteReg(122, ©x1B); // Start SPI
I2C_ReadReg(247); // Read first data byte

I2C_WriteReg(123, 0x12); // Load second data byte
I2C_WriteReg(122, 0x19); // Toggle Send Byte bit
I2C_WriteReg(122, 0x1B);

I2C_ReadReg(247); // Read second data byte

I12C_WriteReg(122, ©x18); // End SPI

29
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SPI Shift Register Control

The ES9841 SPI Master Interface can interact with a multitude of SPI Devices like a Shift Register, effectively adding a
serial to parallel converter to the ES9841. This can be useful for extending the amount of GPIO’s

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

Note.

ES9841Q

GPIO10/SCLKM
GPIO11/MOSIM
GPIO8/SSM
GPIO7/MISOM

Shift Register

SRCLK QA

SER QB

RCLK QC
QD
QE
QF
QG
QH

Figure 12 - Example SPI Shift Register Schematic
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Digital Signal Path
;:ilijlzr —» S/PDIF Output
Analog Audio Input — A:glgg 8x FIR |_'
ﬁl]* DC Block —» IR —~|-> 4x FIR ﬂ> 2x FIR T » Volume —» Gain > Er-:-g),\(;ler —» TDM Output
) PDM
PDM Microphone —» ¢

Input

Bypass Bypass

Peak
Detect

Figure 13 - Digital Signal Path

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

DC Blocking Registers
e Register 76[4] DC_BLOCK_EN_CH1
e Register 76[5] DC_BLOCK_EN_CH2
e Register 76[6] DC_BLOCK_EN_CH3
e Register 76[7] DC_BLOCK_EN_CH4
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Peak Detect

If the peak level of the ES9841 input rises above the programmed PEAK_THRESH_CHx value, the corresponding peak flag
will be set. The level will decay at a rate based off the value of PEAK_DECAY_RATE. The peak detection can be toggled on
or off using the PEAK_DETECT_EN_CHx registers. The peak can be read from the PEAK CHx READ registers and a flag
will be set on the PEAK_FLAG_CHx registers. Normal flag registers will unset the flag once it is no longer asserted except
the PEAK_FLAG_LAT_CHx registers which will stay set until it is cleared with CLEAR_PEAK_DET_CHx.

GPIO pins can be configured to output the state of any latched peak flags if MASK_PEAK_DET_CHx is set for the
corresponding channel.

Peak Enable Registers
e Register 98[3:0] PEAK_DETECT_EN_CHx

Peak Decay Rate and Threshold Registers

e Register 99[4.0] PEAK_DECAY_RATE

o Register 100-103[7:0] PEAK_THRESH_CH1

e Register 100-103[15:8] PEAK_THRESH_CH2
o Register 100-103[23:16] PEAK_THRESH_CH3
o Register 100-103[31:24] PEAK_THRESH_CH4

Peak Flag GPIO Registers
e Register 32[3:0] MASK_PEAK_DET_CHx

Peak Flag and Read Registers

o Register 236-237 PEAK_LEVEL_CH1
e Register 238-239 PEAK_LEVEL_CH2

e Register 240-241 PEAK_LEVEL_CH3

o Register 242-243 PEAK_LEVEL_CH4

e Register 235[7:4] PEAK_FLAG_CHx

e Register 235[3:0] PEAK_FLAG_LAT_CHx
e Register 33[3:0] CLEAR_PEAK_DET_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+ MCLK_24M
E == 2decay_rate+9 [ S]

PEAK THRESH CHX) (32))

threshold [dB] = 20 - log10(( 28 _q 30

Ny: Initial Level
N(t): Level at time t
decay_rate = Reg 99[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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Volume Control

The Volume Control is intended for use during audio playback. Each channel can be digitally attenuated from +0dB to
-127dB 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. To mute a channel, set the
respective VOLUME CHx to 8'hFF.

The ES9841 also features the ability to invert the volume control phase as well as control all channel volumes with the CH1
volume control.

Volume Control Registers
e Register 81-84 VOLUME_CHx
e Register 88 VOLUME_UP_RAMP_RATE
e Register 89 VOLUME_DOWN_RAMP_RATE
e Register 87[3:0] VOL_PHASE_INV_CHx
e Register 86-85[15] MONO_VOLUME

Gain Control
The ES9841 has a digital pre-gain of up to +42dB in 6 dB (+6,+12,+18,+24,+30,+36,+42) steps.

Gain Registers
e Register 86-85 DIGITAL GAIN

The digital pre-gain and volume control can be used together for finer resolution. The below figure shows the available
ranges:

+42dB

+36dB

+30dB—+

+24dB ——

+18dB ——

+12dB ——

+6dB ——

+0dB

L —] -85dg—1
-91d8—1

-97dB——

-103dB—

-109dB—

-115dB=—

-121dB=——

-127dB

Figure 14 - ES9841 Volume and Gain Range
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8x FIR Filter

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.

8x FIR Registers
o Register 74[7:5] FILTER_SHAPE
e Register 74[4] BYPASS_FIR2X
e Register 74[3] BYPASS_FIR4X

IIR Filter
The IIR filter can be bypassed using Register 74[2:0] BYPASS_IIR
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GPIO Configuration
GPIO_CONFIG Function /O Direction
0 Analog Outputs Off Shutdown
1 Output 1’00 Output
2 OR of Status Bits Output
3 Clock Valid Output
4 S/PDIF Stream Output
5 PWM1 Output
6 PWM2 Output
7 PWM3 Output
8 Reserved NA
9 Reserved NA
10 Mute ADCs Input
11 BCK WS Fail Flag Output
12 CH1 Detection Flag Output
13 CH2 Detection Flag Output
14 CH3 Detection Flag Output
15 CH4 Detection Flag Output
Table 19 - GPIO Configuration
Analog Outputs Off

The GPIO is shutdown and has no functionality.

Output 1’b0

Outputs a constant 1'bO0.

To output a constant 1’b1, set the respective GPIOx_INV (Reg 57-58) to invert the signal.

OR of Status Bits

Outputs a bitwise OR of all masked status bits.

Relevant Reqisters:

e Register 32[7:4] MASK_ADC_OVERLOAD_CHx
o Register 32[3:0] MASK_PEAK_DET_CHx

e Register 33[7:4] CLEAR_ADC_OVERLOAD_CHx
e Register 33[3:0] CLEAR_PEAK_DET_CHx

35

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



VERSION 0.4

\ I‘ | |
':-ELS’ ES9841 Product Datasheet
Clock Valid

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

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

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:

2] — MCLK
frequency Izl = oo FREQ + 1

PWMx_COUNT
PWMx_FREQ + 1

Duty Cycle [%] = ( ) %X 100
Relevant Registers:

e Registers 64, 67, 70 PWMx_COUNT

e Register 65-66, 68-69, 71-72 PWMx_FREQUENCY

CHx Detection Flags

Outputs a detection flag for a specific channel, either the Peak Detector or ADC Overload flags can be output. The live or
latched version of the flags can be output. By default, the latched peak detect flag is output.

Relevant Reqisters:
e Register 63[7:4] LIVE_DETECT_CHx
e Register 63[3:0] DETECT_FLAG_SEL_CHx
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Pre-Programmed Digital Filters

The ES9841 has 8 pre-programmed digital filters. The latency for each filter reduces (scales) with increasing sample rates.

(See Register 74[7:5] FIR_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 I(_)o5v; II:astency, 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 Prov@es anice bglance of the !ow Iaten(.:y.of m|n|mL.Jmlpha.|se 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.

Note: Minimum phase filters are asymmetric filters that work to minimize the pre-echo of the filter, while still maintaining an

Table 20 - Pre-Programmed Digital Filter Descriptions

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.

37
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PCM Filter Latency

The following tables show the simulated latency of each filter at a sampling rate range of 44.1/48kHz to 352.8/384kHz.
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)

ES9841 Product Datasheet

with sampling rate.

Filter Shape \ Frequency [kHz] 441/48 | 88.2/96 | 176.4/192 | 352.8 /384
Minimum Phase (default) 437/FS | 450/FS | 4.74/FS 5.36/FS
Linear Phase Apodizing Fast Roll-Off 34.25/FS | 3438 /FS | 3462/FS | 35.24/FS
Linear Phase Fast Roll-Off 34.38/FS | 3450/FS | 34.75/FS | 35.36/FS
Linear Phase Fast Roll-Off Low-Ripple 34.00/FS | 3413/FS | 3437/FS | 3499/FS
Linear Phase Slow Roll-Off 700/FS | 712/FS | 7.37/FS 7.98/FS
Minimum Phase Fast Roll-Off 450/FS | 462/FS | 487/FS 548 /FS
Minimum Phase Slow Roll-Off 337/FS | 350/FS | 3.74/FS 436/ FS
Minimum Phase Slow Roll-Off Low Dispersion 525/FS | 537/FS | 562/FS 6.23/FS

Table 21 - PCM Filter Latency
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PCM Filter Properties
Minimum Phase
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.45FS Hz
Stop band -101.2 dB 0.55FS Hz
Group Delay 2.90/FS 9.23/FS S
Flatness (ripple) 0.0017 dB
Linear Phase Apodizing
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.41FS Hz
Stop band -108.6 dB 0.50 FS Hz
Group Delay 33.25/FS S
Flatness (ripple) 0.0022 dB
Linear Phase Fast Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.45FS Hz
Stop band -115.5dB 0.55FS Hz
Group Delay 33.38/FS S
Flatness (ripple) 0.0025 dB
Linear Phase Fast Roll-Off Low Ripple
Parameter Conditions MIN TYP MAX UNIT
Pass band 0.45FS Hz
Stop band -82.57 dB 0.55FS Hz
Group Delay 33.00/FS S
Flatness (ripple) dB
Linear Phase Slow Roll-Off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.26 FS Hz
Stop band -85.15dB 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 0.45FS Hz
Stop band -101.3 dB 0.55FS Hz
Group Delay 2.95/FS 9.42/FS S
Flatness (ripple) 0.0034 dB
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Minimum Phase Slow Roll-Off

Parameter Conditions MIN TYP MAX UNIT

Pass band -3 dB 0.28 FS Hz

Stop band -90.37 dB 0.82 FS 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 -3 dB 0.28 FS Hz
Stop band -98.6 dB 0.82 FS Hz
Group Delay 4.12/FS 4.38/FS S
Flatness (ripple) dB

Table 22 - PCM Filter Properties
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PCM Filter Frequency Response

The following frequency responses were obtained from software simulations of these filters. Simulation sample rate is
44 1kHz.

Filter Frequency Response

Frequency Response at FS = 44.1 kHz
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Linear Phase Fast Roll-Off

Amplitude [dB]
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Frequency Response at F5 = 44.1 kHz
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Frequency Response at FS =44.1 kHz
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Table 23 - PCM Filter Frequency Response
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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
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Amplitude
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Impulse Response
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Linear Phase Slow Roll-Off
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Impulse Response
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Table 24 - PCM Filter Impulse Response
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64FS Mode

When the MCLK/FS ratio is required to be 64, it is necessary for the ES9841 to be in 64FS mode. 64FS Mode can be
enabled by setting:

Software Register

e Register 1[2] ENABLE_64FS_MODE = 1'b1

o Manually enables 64FS mode

o Should be used with high sample rates like 705.6kHz & 768kHz
e Register 1[0] AUTO_FS_DETECT = 1'b1

o Sets the MCLK_128FS divider according the MCLK/FS ratio

o Automatically enables 64FS mode when MCLK/MCLK_128FS ratio is 64
e 64FS mode can be blocked when AUTO_FS_DETECT is enabled by setting:

o Register 1[1] AUTO_FS_DETECT_BLOCK_64FS = 1'b1

Minimum Phase 64FS Mode Latency

The following table shows the simulated latency at 352.8/384 kHz and 705.6/768 kHz sample rate. 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 \ Frequency [kHz] 352.8 /384 705.6 / 768
Minimum Phase Double Rate 3.49/FS 3.721FS
Table 25 - Minimum Phase 64FS Latency

Minimum Phase 64FS Properties

Minimum Phase 64FS Mode
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.44 FS Hz
Stop band -59.13dB 0.68 FS Hz
Group Delay 1.43/FS 3.45/FS S
Flatness (ripple) dB

Table 26 - Minimum Phase 64FS Properties

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



85

VERSION 0.4

ES9841 Product Datasheet

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 15 - Minimum Phase 64FS Frequency Response
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.

Impulse Response
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Figure 16 - Minimum Phase 64FS Impulse Response
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TDM Encoder Daisy Chain

The ES9841 TDM Encoder supports connecting multiple devices together in a daisy chain configuration. This allows the
digital output from one chip to be input to the next, with the last chip on the chain outputting the final data on the serial line.

To enable the TDM Encoders Daisy Chain, set Register 15[7] TDM_ENC_DAISY_CHAIN to 1. This will configure DATA2 as
the output and DATAS as its input. The output pin can be changed to DATAS by setting TDM_DAISYLINE_SEL = 1'b1. The

figure below shows how several ES9841s can be combined in daisy chain mode.

Note: Each TDM Encoder Line must be configured using Register 11-14 to output on the respective pin chosen by
TDM_DAISYLINE_SEL (DATA2 or DATAS).

Note: The input to the first ES9841 (DATA3) must be grounded.

TDM Receiver
Master/Slave

MCLK

BCLK
FRAME CLK
DATA IN

ES9841 Slave/Master #1

TDM Receiver
Master/Slave

A A

TDM_OUT

ACLK

BCLK (DATA_CLK)

»OWS (DATA1)

MCLK

BCLK
FRAME CLK
DATA IN

ES9841 Slave/Master #1

»0O ACLK

A A

ES9841 Slave #2

ACLK

BCLK (DATA_CLK)
WS (DATA1)

TDM Encoder Daisy Chain Reqisters:

e Register 9[4:0] TDM_CH_NUM
e Register 15[7) TDM_ENC_DAISY_CHAIN
o Register 15[5] TDM_DAISYLINE_SEL

o Register 15[4:0] TDM_ENC_DATA_LATCH_ADJ

51

TDM_OUT

Figure 17 - Example Connection for TDM Encoder Daisy Chain Mode

—»0 BCLK (DATA_CLK)

—»0OWS (DATA1)

ES9841 Slave #2

ACLK

BCLK (DATA_CLK)

WS (DATA1)

ES9841 Slave #3

ACLK

—0 BCLK (DATA_CLK)

»O WS (DATA1)

ES9841 Slave #4

ACLK

BCLK (DATA_CLK)
WS (DATA1)
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Clock Distribution

The ES9841 includes features for selection and manipulating the input clock source.

The minimum MCLK frequency is 22.579MHz.

Reg 5[4] MCLK_24M_DIV2

ADC_CLK

Analog ADC (4CH)

ADC_CLK must be 22.5792 or 24.576 MHz

MCLK

ACLK1 K— MCLK
ACLK2 B

MCLK
Reg 5[4] MCLK_24M_DIv2
'

MCLK_24M

Reg 0[4] SEL_MCLK_SRC ‘ L
Reg 0[5] EN_MCLK_IN
PDM_CLK_DIV
] 4
= !
i
|

GPIO9 R L LB CLKDIV +

O
A
Reg 3[0] ENABLE PDM_MIC_DECODE

Decoder

H
¥
Reg 6[7:0] MASTER_DCLK_DIV

Master
DCLK & WS

: A
Generation

H
Reg 4[5:0] MCLK_128FS DIV
Reg 4[6] MCLK_128FS_HALF_DIV

4

Reg 8[1, 0] MASTER_MODE_EN

Reg 2[0] ENABLE_TDM_ENCODE
f

TDM ENCODER

Figure 18 - Clock Distribution

] Back-End Decimation Path
(=ADC_CLK)

A

H H
¢--- Reg 0[3:0] ENABLE_ADC_CHx ---$

H
Front-End Decimation Path
(=128°F8)

MCLK_128FS

Reg 2[4] ENABLE_SPDIF_ENCODE

‘m— S$/PDIF ENCODER

The following list shows the various clocks of the ES9841 and the associated registers for configuration.

ADC_CLK
ADC_CLK must be maintained to be between 22.5893MHz & 24.576MHz
e Register 5[4] MCLK_24M_DIV2

MCLK
o Register 0[4] SEL_MCLK_SRC

MCLK_24M (Back-End Decimation Path)
MCLK_24M is equal to ADC_CLK.

e Register 5[4] MCLK_24M_DIV2

o Register 0[3:0] ENABLE_ADC_CHx
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MCLK_128FS (Front-End Decimation Path)
o Register 4[5:0] MCLK_128FS_DIV
e Register 4[6] MCLK_128FS_HALF_DIV
e Register 0[3:0] ENABLE_ADC_CHx

Master DCLK & WS Generation
e Register 8[0] PCM_MASTER_MODE_EN
e Register 6[7:0] MASTER_DCLK_DIV

TDM Encoder
e Register 2[0] ENABLE_TDM_ENCODE

PDM Decoder (Microphone Input)
e Register 3[0] ENABLE_PDM_MIC_DECODE

SPDIF Encoder
e Register 2[4] ENABLE_SPDIF_ENCODE

THD Compensation

The ES9841 has integrated THD compensation to add or correct second and third harmonics that may be present on the
output signal. The compensation is controlled by two 16-bit coefficients, one for first order and one for second order
harmonics, located in Registers 90-97.

The following equation displays how the second and third harmonics are affected by the C2 and C3 values:
output = x + c2*x%+ 3 xx3

THD Compensation Coefficient Registers

e Registers 90-91: THD COMP C2 CH1/2
e Registers 92-93: THD COMP C3 CH1/2
o This register’s value is internally XORed with OxFFD8
e Registers 94-95: THD COMP C2 CH3/4
e Registers 96-97: THD COMP C3 CH3/4
o This register’s value is internally XORed with 0xFFD8
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Analog Features

APLL

The ES9841 has a built in Analog PLL (APLL) for generating frequencies that are unavailable externally. For an application
note on the APLL, please ask your FAE or distributor for availability.

( Register 0[4] E8984 1

SEL_MCLK_ACLK_SRC
ACLK2 b—> Fin
/r Ffef\ Fvco\ Fout- |
ACLK1 D>, *#;9;@ R *Q*Q’@T%l_
DATA_CLK Dd« > & ¢
)

Register 107[5:4]
SEL_PLL_CLK_IN

( .. A
Digital Core <
N encoter | "
X]« E
DATA3 (¢ neoder

{ ADC ﬂ;” )
‘ ) Register 107[2]

SEL_MCLK_IN_PLL

N

[x]
IN_M2 ]

IN_M1

IN_P1
IN_P3 B
IN_P4 b
IN_M4 B
IN_P2 [

[x]
=
Figure 19 - Functional Block Diagram of ES9841 APLL

The input clock (Fin) source to the APLL is chosen between ACLK or DATA_CLK with Register 107[5:4] SEL_PLL_CLK_IN.
The input MCLK source to the chip is chosen between the APLLs output or the ACLK pin with Register 107[2]
SEL_MCLK_IN_PLL.

For calculation of the PLL frequency output, use the following formulas:

Fo.=(En r = (Fin),y N =£ Fooo.o=(2in)s
Tef Nl vco Nl fb fb FBDIV out Ni NO

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 113-115[8:0], PLL_CLK_IN_DIV
d. No = output divider
e Accessible from Reg 113-115[15:12], PLL_CLK_OUT_DIV
e. Nfb =feedback divider
e Accessible from Reg 110-112[23:0], PLL_CLK_FB_DIV
o Note: Toggle Reg 113-115[9] PLL_FB_DIV_LOAD to load PLL_CLK_FB_DIV value
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44.1kHz Base Rates (SYNC Slave Mode)

FS (kHz) | DATA_CLK (MHz) |Ni| Fref (MHz) | FBDIV | Fvco (MHz) |No| Fout (MHz)

32-Bit Frame
352.8 22.5792 2| 112806 |4194304 | 90.3168 |4 | 225792
176.4 11.2896 11 11.2896 |4194304 | 90.3168 |4 | 22.5792
88.2 5.6448 11 5.6448 |2097152 | 90.3168 |4 | 225792
441 2.8224 1| 2.8224 1048576 | 90.3168 |4 | 22.5792
16-Bit Frame
352.8 11.2896 11 11.2896 |4194304 | 90.3168 |4 | 225792
176.4 5.6448 1| 5.6448 |2097152 | 90.3168 |4 | 22.5792
88.2 2.8224 1| 2.8224 1048576 | 90.3168 |4 | 225792
44 1 1.4112 1 1.4112 524288 90.3168 |4 | 225792

Table 27 - APLL Divider Values for 44.1kHz Base Rates

48kHz Base Rates (SYNC Slave Mode)

FS (kHz) | DATA_CLK (MHz) [Ni| Fref (MHz) | FBDIV | Fvco (MHz) |[No| Fout (MHz)

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 28 - APLL Divider Values for 48kHz Base Rates
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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?
3
m;r%qe‘fgg%lock) MCLK/1024 MCLK/128 | kHz
BCLK Frequency ek TDM_WORD_WIDTH)*
(Bit Clock) (16%2°WS) | rpm_cH NUM+1yws | MCLK MHz
WS Frequency
(Word Select Clock) S Mo 352.8 MCLK/64 768 kHz
BCLK Frequency
(Bit Clock) 22.5792 MCLK 49.152 MHz
TDM Mode
TDM4 MCLK/128 kHz
WS Frequency TDM8 MCLK/256 kHz
(Word Select Clock) TDM16 MCLK/1024 MCLK/512 «Hz
TDM32 - MCLK/1024 kHz
BCLK Frequency ek (TDM_WORD_WIDTH)*
(Bit Clock) (16°2°WS) | 7pm cH NUM+1yws | MCLK MHz

Table 29 - Switching Characteristics

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 ES9841 supports sample rates of 32kHz only if supplied with an external synchronous 45.1584/49.152MHz or
22.5792/24.576MHz ACLK input.
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

Bit-Clock (BCLK) and Word-Select (WS) Timing
Master Mode
For maximum flexibility the generated Master BCK can be inverted with Register 8[2] MASTER_BCK_INV.

// \\_// /w \\

tMFBF
+——IMRER o o tMFBR +——>

ﬁ—/ —\

tMRWF
HYRVR o
ws X

Figure 20 - Bit-Clock to Word-Select Master Mode Timing Diagram

tMFWF
tMFWR >

Parameter Symbol Min. Typ. Max. Unit
MCLK Rising to BCK Rising tMRBR 7.52 - 14.21 ns
MCLK Rising to BCK Falling tMRBF 7.54 - 14.31 ns
MCLK Falling to BCK Rising tMFBR -2.65 - 4.03 ns
MCLK Falling to BCK Falling tMFBF -2.63 - 4.14 ns
MCLK Rising to WS Rising tMRWR 742 - 14.04 ns
MCLK Rising to WS Falling tMRWF 7.39 - 13.98 ns
MCLK Falling to WS Rising tMFWR -2.76 - 3.86 ns
MCLK Falling to WS Falling tMFWF -2.78 - 3.80 ns

Table 30 - Bit-Clock to Word-Select Master Mode Timing Numbers
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Slave Mode

The range of [X] is [2, 5] as DATA1 is for the Word Select signal.
For maximum flexibility the input Slave BCK can be inverted with Register 8[7] SLAVE_BCK_INV.

BCK

DATA[X]_O

tBFDR
tBFDF

Figure 21 - Bit-Clock to Word-Select Slave Mode Timing Diagram

BCK Falling to DATA[X] Output Falling

Parameter Symbol Min. Typ. Max. Unit
BCK Falling to DATA[X] Output Rising tBFDR 3.78 - 6.90 ns
tBFDF 3.73 - 6.99 ns

Table 31 - Bit-Clock to Word-Select Slave Mode Timing Numbers
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I*)C Slave Interface Timing

Start Start Stop  Start
> |

Lo o> <+,

>« PRENDNEN D N

tHp:sTa thooar  thiee Tsussta tsusto

Figure 22 - I?C Slave Control Interface Timing

Standard-Mode .

Parameter Symbol MIN TYP MAX Unit

SCL Clock Frequency fscL - - 1 MHz
START condition hold time tHD:sTA 4 - - ns
LOW period of SCL tLow 96 - - ns
HIGH period of SCL (>10/CLK) tiGH 96 - - ns
START condition setup time (repeat) tsu;sTa 216 - - ns
SDA hold time from SCL falling tHp.DAT 1 - - ns
SDA setup time from SCL rising tsu.par 180 - - ns
Rise time of SDA and SCL tr - 180 - ns
Fall time of SDA and SCL s 18 - - ns
STOP condition setup time tsu:sto 1 - - ns
Bus free time between transmissions tsur 168 - - ns
Capacitive load for each bus line Co - - 80 pF

Table 32 - I°C Slave/Synchronous Slave Interface Timing Definitions
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SPI Slave Interface Timing

657\ . L

<_tLEAD_’ tH_’t‘P‘_tL_’: 4"[TRA| L—N—tDSEQ—*
SCLK / "/ \ _/_\_/_\
ﬂ‘tSETUP"ﬂ—tHOLD—H e T

MOSI—( adsressmse X X X DATALSB )
MISO - ( X DATALSB )

Figure 23 - SPI Slave Interface Timing

Parameter Symbol P:I\ |sr; I[Vrl]as)](
CS Lead Time (SCLK rising edge) tLEAD 2 -
CS Trail Time (SCLK falling edge) trrAIL 2 -
MOSI Data Setup Time tseTup_mosi 5 -
MOSI Data Hold Time tHoLD_mos! 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 8 -
Sequential Transfer Delay tosea 40 -

Table 33 - SPI Slave Interface Timing
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Absolute Maximum Ratings

PARAMETER RATING

Positive Supply Voltage
e AVCC e -0.3Vto +3.7V with respect to ground
e AVDD e -0.3Vto +3.7V with respect to ground
e DVDD o -0.3Vto +1.4V 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 34 - Absolute Maximum Ratings

WARNING: Stresses beyond those listed under 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 35 - 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 V
Low-level input voltage VIL 1.61 \%
High-level output voltage VOH AVDD -0.2 V
Low-level output voltage VOL 0.2 V

Table 36 - I/O Electrical Characteristics
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Recommended Operating Conditions
PARAMETER SYMBOL CONDITIONS
Operating Temperature Ta -20°C to +85°C
AVCC +3.3V £5%
AVDD +3.3V £5%
VREF_BUF_R Internal (+2.85V)
VREF_BUF_L Internal (+2.85V)
DVDD Internal (+1.2V)

Table 37 - Recommended Operating Conditions

Recommended Power Up/Down Sequence

The recommended power up sequence for the ES9841, the AVDD supply is enabled ~200us before AVCC. All supplies
should be stable before CHIP_EN is asserted. There is a ~20ms delay between enabling the ADCs and valid data output.
MCLK must be on before enabling the ADCs.

([
AVDD — fmy
/)

avee | (
CHIP_EN )
MCLK N
|2C ENABLE ADi }CHﬁ W 20ms
DATA OUT ST

Figure 24 - Recommended Power Up Sequence

On power down, the order to shut off is MCLK & CHIP_EN, AVCC which must be before AVDD.

AVCC \
AVDD \

Figure 25 - Recommended Power Down Sequence
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Power Consumption

Test Conditions (unless otherwise noted)

Ta=25°C, AVCC = AVDD = +3.3V, 1kHz sine wave signal. AVDD supply includes DVDD current.

63

Parameter ‘ Min ‘ Typ. ‘ Max Unit
Standby (CHIP_EN=0)
AVCC_3V3 <0.1 MA
AVDD <0.3 MA
Total Power Consumption <2 MW
MCLK = 49.152MHz
48kHz 2ch Slave PCM
AVCC_3V3 28 mA
AVDD 19 mA
Total Power Consumption 155 mW
192kHz 2ch Slave PCM
AVCC_3V3 28 mA
AVDD 28 mA
Total Power Consumption 185 mW
MCLK = 24.576MHz
48kHz 2ch Slave PCM
AVCC_3V3 28 mA
AVDD 17 mA
Total Power Consumption 148 mW
192kHz 2ch Slave PCM
AVCC_3V3 28 mA
AVDD 26 mA
Total Power Consumption 178 mW

Table 38 - Power Consumption
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Performance

Test Conditions (unless otherwise noted). Measured on ES9841 2v0 Evaluation Board.

Ta=25°C, AVCC = AVDD = +3.3V, fs = 48kHz, MCLK = 49.152MHz from powered oscillator, PCM output, differential

input.t.
Dynamic Performance
Parameter Min Typ Max | Unit
Resolution | 32 Bit
Fs = 48kHz, BW = AC(<10Hz) - Fs/2
THD+N Ratio 4 ch mode 115 dB
@ 1kHz, -1dBFS output 2 ch mode STEREO_MODE=1 ) dB
Fs = 96kHz, BW = AC(<10Hz) - Fs/2
THD+N Ratio 4 ch mode 112 dB
@ 1kHz, -1dBFS output 2 ch mode STEREO_MODE=1 ) dB
Fs = 192kHz, BW = AC(<10Hz) - Fs/2
THD+N Ratio 4 ch mode 100 dB
@ 1kHz, -1dBFS output 2 ch mode STEREO_MODE=1 dB
True DNR
True DNR A-weighted  ch mode 122 dBFS
r -Wei
e eI 2chmode |  STEREO_MODE-1 125 dBFS
Table 39 - Performance
Analog Input
Parameter Min Typ Max | Unit
Input Impedance Per Input Pin 833 £ 15% Q
VREF_BUF_L/2
Input DC Common Mode VREF_BUF R/2 Vdc
Per Input pin V_REF_BUF_L/ Vrms
Input Amplitude for (2*V2)
Digital Full Scale Output
gital Ful Scale Outpu Differential (IN_Px to IN_Mx) V—REF\—EUF—L/ Vrms

Table 40 - Analog Input Characteristics
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Register Overview

A system clock is not required to access registers.

Read/Write Register Addresses

Registers 0-123 (0x00 - 0x7B) are read and write registers.
Read-Only Register Addresses

Register 224-247 (0xEOQ - 0xF7) 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 | Adar -
(Hex) (Dec) Register 7 6 5 4 3 2 1 0
SELNCLK_ | ENABLEADC_ | ENABLEADC_ | ENABLEADC_ | ENABLE_ADC.
o000 | o SYS CONFIG SOFT_RESET RESERVED EN_MCLK_IN ACLK SRC o o o i
ENABLE.64FS AUTO.FS_ AUTO_FS
oot | 1 FS CONFIG RESERVED STEREO_MODE | MONO_MODE RESERVED _B4FS_ DETECT. FS_
MODE DETECT
BLOCK_64FS
ENABLE_SPDIF ENABLE_TOM_
w02 | 2 ENCODER CONFIG RESERVED NCODE RESERVED e
ENABLE_TOM_ | ENABLE_PDM_
003 | 3 OUTPUT SELECT RESERVED OUTPUT_SEL RESERVED il W6 DECODE
o004 | 4 FRONT-END CLOCK CONTROL RESERVED M%ﬁ—; ZDSII\=/S_ MCLK_128FS_DIV
005 | 5 BACK-END CLOCK CONTROL RESERVED MO 2 RESERVED
G WASTER CLK CONFIG MASTER_DCLK_DIV
ENABLEWS_ | ENABLE.BCK_ | FORCEPLLLO | CLKFAULT.
w07 | 7 MISC CLOCK CONFIG RESERVED MOHTOR v o ber EN
SLAVE_BCK_ VWASTER WS_ | MASTERWS_ | MASTER.WS_ | WASTER BCK_ PCM_MASTER_
00818 MASTER MODE CONFIG INVERT RESERVED CLK_PHASE | PULSE_MODE INVERT INVERT RESERVED MODE_EN
w09 |9 TDM CONFIG 1 RESERVED AuTO-SH- RESERVED TDM_CH_NUM
NOISE_FLOOR._ TDM_VALID_
o0 | 10 TDM CONFIG 2 RESERVED SUngE oo TDM_WORD_WIDTH TDM_BIT_DEPTH v TDM_LJ
o8| 1 TDM ENC CH1 SLOT CONFIG RESERVED TDM_ENC_LINE_SEL_CH{ TDM_ENC_SLOT_SEL CHI
00| 12 TDM ENC CH2 SLOT CONFIG RESERVED TDM_ENC_LINE_SEL CH2 TDM_ENC_SLOT SEL CH2
00D | 13 TDM ENC CH3 SLOT CONFIG RESERVED TDM_ENC_LINE_SEL_CH3 TDM_ENC_SLOT_SEL_CH3
00E_| 14 TDM ENC CH4 SLOT CONFIG RESERVED TDM_ENC_LINE_SEL_CH4 TDM_ENC_SLOT_SEL_CH4
TDM_ENC_ TDM_DAISYLIN
ooF | 15 TDM ENC DAISY CHAIN DAY CLAiN RESERVED e TDM_ENC_DATA_LATCH_ADJ
8;]2 1620 | RESERVED RESERVED
POM_MIC_ PDM_MIC_ PDM_MIC_ POV_MIC_
ots | 21 PDM /0 CONFIG INPUT_SEL_ INPUT_SEL_ | INPUT_SAMPLE | INPUT_DATA_ RESERVED
CH34 CH12 _EDGE PHASE
o6 | 22 PDM CLK DIVIDER RESERVED PDM_CLK DIV
w17 | 23 SIPDIF DATA SELECT RESERVED o -aH- RESERVED
O SIPDIF CS ADDR SPDIF_CS WE_| RESERVED SPDIF_CS_BYTE_ADDR
19| 25 SIPDIF CS DATA SPDIF_CS_BYTE DATA
| 2631 | ReSERVED RESERVED
VASK_ADC_ MASK_ADC_ MASK_ADC_ VASK_ADC_
020 | 32 STATUS BITS MASK OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_ MASK PEAK_ | MASK PEAK_ | MASK PEAK | MASK PEAK_
DET_CH4 DET_CH3 DET_CH2 DET_CH1
Cha CH3 CH2 CH
CLEAR ADC_ | CLEAR ADC. | CLEARADC. | CLEARADC_
o2t | 3 STATUS BITS CLEAR OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_ | CLEARPEAK | CLEAR PEAK | CLEAR PEAK_ | CLEAR PEAK_
DET_CHé DET_CH3 DET_CH2 DET_CH1
Cha CH3 CH2 CH
gigé 3446 | RESERVED RESERVED
02| 47 GPIO12 CONFIG GPIO2_CFG GPIOT_CFG
030_| 48 GPI03/4 CONFIG GPI04_CFG GPI03_CFG
031 | 49 GPIOS6 CONFIG GPIOG_CFG GPIO5_CFG
032__| 50 GPIO7/8 CONFIG GPIO8_CFG GPIO7_CFG
033 | 51 GPI09/10 CONFIG GPIO10_CFG GPI0Y_CFG
034 | 52 GPIO11 CONFIG RESERVED GPIO11_CFG
035 | 53 GPIOBIE__ | GPIOTE | GPOBE | GPIOSE GPIO4_IE GPIO3_E GPIOZ_IE GPIOT_E
036 | 54 GPIO INPUT ENABLE RESERVED GPIO11_IE GPIOT0_E GPI09_IE
037 _| 5 GPIOB OE__ | GPIO7.OE__ | _GPIOB OE | GPIO5 OE | GPIO4 OE GPIO3_OE GPIO2_OE GPIOT_OE
038__| 56 GPIO OUTPUT ENABLE RESERVED GPIO11_OF GPIOT0_OE GPI09_OF
039 | 57 J— GPIOBINV__ | GPIOINV_ | __GPIOs INV.__|__GPIO5 INV.__ | GPIOA_INV GPIO3_INV GPI02_INV GPIOT_INV
oA | 58 RESERVED GPIOT1_INV GPIOT0_INV GPIOY_INV
03B | 59 PO WEAK KEEPER GPIOB_WK_EN | _GPIO7_ WK EN | _GPIO6_WK_EN | _GPIO5_WK_EN | _GPIO4_ WK_EN | GPIO3 WK EN | GPIO2 WK EN | _GPIOT_WK_EN
03C_| 60 RESERVED GPIOT1_WK_EN | GPIOT0_ WK EN | GPIO9_WK_EN
0| 61 PO READ GPIOB_READ | GPIO7 READ | _GPIO6 READ | _GPIO5 READ | GPIOA READ | GPIO3 READ | GPIO2 READ | _ GPIOT_READ
0GE_| 62 RESERVED GPIO11_READ | _GPIOT0_READ | _ GPIOY_READ
[NE_DETECT_ | LIVE_DETECT_ | LIVE_DETECT. | LIVEDETECT. | DETECT FLAG_ | DETECT FLAG_ | DETECT FLAG_ | DETECT FLAG.
OGF | 68 DETECTION FLAG CONFIG CH3 CH2 CH SEL CH4 SEL_CH3 SEL_CH? SEL_CH1
00| o4 PWM1T COUNT PWMT_COUNT
0d1_| 65 PWMT_FREQ
0d2__| 66 PWWM1 FREQUENCY PWM1_FREQ
0d3 | 67 PWM2 COUNT PWM2_COUNT
0d4 | 68 PWM2_FREQ
0d5__| 69 PWWM2 FREQUENCY PWM2_FREQ
0d6__| 70 PWM3 COUNT PWM3_COUNT
o4l | 7N PWM3_FREQ
0ds | 72 PWMS3 FREQUENCY PWM3_FREQ
ADC_NEG_SEL | ADC_NEG_SEL | ADC_NEG_SEL | ADC_NEG_SEL
oy | 73 ADC NEGATION RESERVED g o o g
0dh | 74 ADC FIR FILTER FILTER_SHAPE | BYPASS_FIR2X_| BYPASS_FIRAX BYPASS_IR
EEG RESERVED RESERVED
DC_BLOCK_EN | DC_BLOCKEN | DC_BLOCKEN | DC_BLOCK_EN
odc | 76 DC BLOCKING o o e o RESERVED
8’;200 7780 | RESERVED RESERVED
061 | 81 VOLUME CH1 VOLUME CH]
02| 82 VOLUME CH2 VOLUME_CH2
03| 83 VOLUME CH3 VOLUME_CH3
oG4 | 84 VOLUME CHé VOLUME_CH4
065 | 85 DIGITAL GAIN RESERVED | DIGITAL GAIN_CH2 [ RESERVED | DIGITAL_GAIN_CH1
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056 | 86 o DIGITAL_GAIN_CH4 RESERVED DIGITAL_GAIN_CH3
VOLPHASE_ | VOLPHASE. | VOLPHASE. | VOL_PHASE.
57 | &7 PHASE INVERSION RESERVED N o N o ‘ o ‘ N o
68| 88 VOLUME UP RAMP RATE VOL_RAMP_RATE_UP
069 | 89 VOLUME DOWN RAMP RATE VOL_RAMP_RATE_DOWN
06A [ 90 THD_COMP_C2 CH12
0B | 91 THD COMP C2 CH1/2 THD_COMP_C2_CH12
o6C_ | 92 THD_COMP_C3._CH12
oD | 93 THD COMP C3 CH1/2 THD_COMP_C3_CH12
O6E [ o4 THD_COMP_C2_CH34
o6F [ % THD COMP C2 CH3/4 THD_COMP_C2_CH34
60| 9 THD_COMP_C3_CH34
o6l | o7 THD COMP C3 CH3/4 THD_COMP_C3_CH34
PEAK_DETECT | PEAKDETECT | PEAKDETECT | PEAK DETECT
62 | 98 PEAK DETECT ENABLE RESERVED e Ao Ao Ao
o6 | 99 PEAK DETECT CONFIG RESERVED LO%’E\T_FL’EAK— RESERVED PEAK_DECAY_RATE
064 [ 100 PEAK_THRESH_CH1
065 [ 101 PEAK_THRESH_CH2
066 | f02_| EAKTHRESHOLDS PEAK_THRESH_CH3
67| 103 PEAK_THRESH_CH4
ox68- | 104-
Ok | 10| ReserveD RESERVED
PLL_CLK_ EN_PLL_CLK_ | SELMCLK_IN
068 | 107 | PLLCLOCKSELECT RESERVED e Y SEL_PLL_CLK_IN L e RESERVED
o6C | 108 | pLLvcOscP RESERVED PLL_CP_BIAS_SEL PLL_CP_EN pLvcoen | PHCESYP- oy pig RsTe
06D | 108 | PLLREGULATOR RESERVED PLLREGEN | PLLREG.LN RESERVED
O6E__| 110 PLL_CLK_FB_DV
o6F | 111 PLL FEEDBACK DIV PLL_CLK_FB DIV
070 | 112 PLL CLK_FB DIV
o1 | 113 PLL_CLK_IN_DIV
PLLFBON. | PLLLCLKLN.
072 | 114 | by nsoutoy PLL_CLK_OUT_DIV RESERVED D I o
PLL_CLK_OUT_
w73 | 115 RESERVED ‘ PN inse B RESERVED
O74- | 16| RESERVED RESERVED VCO_IB_AMP_CTRL
o9 | 121
SPLM_SEND_
OA | 122 | SPIMASTER CONFIG SPI_M_PULSE_WIDTH SPI_M_EN SPI_M_MODE et SPI_M_START
0B | 123 | SPIMASTER DATAOUT SPLM_DATA O
OKE0 | 224 | VALIDITYREAD PLL_LOCKED RESERVED TOU. ENC- ‘ AUTO_CH_NUM
OE1_| 225 | CHPD CHIP_ID
0xE2- | 226-
Q€2 | Z& | ReseRvED RESERVED
EN oFS NCLK_128FS._
OKE6 | 230 | AUTOFSREAD _64FS_ HALF_DIV_ MCLK_128FS_DIV_AUTO
MODE_AUTO 0
OE7_| 231 CLOCK VALIDITY RESERVED RATIOVALD | BCKINVALID | WS INVALID
0xE8_ | 232 GPIOE R GPIOTR | GPIO6R | GPIO5R | GPIOAR GPIO3 R GPIO2_R GPIOT_R
0xE9 | 233 | CPIOREADBACK RESERVED GPIOT1_R GPIOTO_R GPIO9_R
ADC_ ADC_ ADC_ ADC_ ADC_ ADC_ ADC._ ADC_
OEA | 234 | ADCOVERLOAD FLAGS OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_ OVERLOAD_
FLAG_CH4 FLAG_CH3 FLAG_CH2 FLAG_CH! FLAG_LAT CH4 | FLAG_LAT CH3 | FLAG_LAT CH2 | FLAG_LAT CH
ots | 25 | Peakriacs PEAK_FLAG. | PEAKFLAG. | PEAKFLAG. | PEAKFLAG. | PEAKFLAG. | PEAKFLAG. | PEAKFLAG. | PEAK FLAG.
Chd CH3 CH2 CH LAT CH4 LAT CH3 LAT CH2 LAT CH1
0XEC__| 236 PEAK_LEVEL CHI
OED | 237 | TEAKCHIREAD PEAK_LEVEL CHI
OEE_| 238 PEAK_LEVEL CH2
OcEF [ 239 | DEAKCHZREAD PEAK_LEVEL CH2
0F0__| 240 PEAK_LEVEL CH3
OF1 | 241 PEAK CH3 READ PEAK_LEVEL CH3
k2| 242 PEAK_LEVEL CH4
03[ 243 | PEAKCHAREAD PEAK_LEVEL CH4
OF4- | 244
Ot | B | ReserveD RESERVED
OxF7__| 247 | SPIMASTERDATAN SPLM_DATA|
Table 41 - Register Map
67 ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM




85

VERSION 0.4

ES9841 Product Datasheet

Register Listing

System Registers
Register 0: SYS CONFIG

Bits [7] [6] [5] 3] 2] [] [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_ACLK_SRC

Selects which ACLK source is used by the digital core and
analog ADC, when EN_MCLK_IN is set.

e 1'b0: ACLK1 (default)

o 1'b1: ACLK2

[3]

ENABLE_ADC_CH4

Enables the ADC CH4 decimation path.
e 1'b0: Clock disabled (default)
e 1'b1: Clock enabled

[2]

ENABLE_ADC_CH3

Enables the ADC CH3 decimation path.
e 1'b0: Clock disabled (default)
e 1'b1: Clock enabled

[1]

ENABLE_ADC_CH2

Enables the ADC CH2 decimation path.
e 1'b0: Clock disabled (default)
e 1'b1: Clock enabled

[0]

ENABLE_ADC_CH1

Enables the ADC CH1 decimation path.
e 1'b0: Clock disabled (default)
e 1'b1: Clock enabled
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Register 1: FS CONFIG
Bits [7:6] [5] [3] 2] (1] [0]
Default | 2'b00 1'b0 1'b0 1'd0 1'00 1'00 1'01
Bits Mnemonic Description
[7:6] RESERVED N/A

[3]

STEREO_MODE

Enables stereo mode, CH1 and CH3 are summed, CH2 and
CH4 are summed.

e 1'b0: Disabled (default)

e 1'b1: Enabled

[4] MONO_MODE Enables mono mode, input of all channels are mixed into CH1.
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)

Register 2: ENCODER CONFIG

Bits [7:5] [3:1] [0]
Default | 3'd0 1'b0 3'd0 1'b1
Bits Mnemonic Description
[7:5] RESERVED N/A
[4] ENABLE_SPDIF_ENCODE Enables the S/PDIF encoding clock.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[3:1] RESERVED N/A
[0] ENABLE_TDM_ENCODE Enables the PCM/TDM encoding clock.
e 1'b0: Disabled
e 1'b1: Enabled (default)
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Register 3: OUTPUT SELECT
Bits [7] [6:4] [3:2] [1] [0]
Default | 1'd0 3'd0 2'd0 1'b0 1'b0
Bits Mnemonic Description
[7] RESERVED
[6:4] OUTPUT_SEL Select which digital output to use.
3'd0: PCM (default)
3'd1: TDM
3'd2-4: Reserved
3'd5: S/PDIF
3'd6-7: Reserved
[3:2] RESERVED
[1] ENABLE_TDM_DECODE Enables TDM decoding clock.
1'00: Disabled (default)
1'1: Enabled
[0] ENABLE_PDM_MIC_DECODE Enables PDM Microphone decoding clock.
1'b0: Disabled (default)
1'v1: Enabled
Register 4: FRONT-END CLOCK CONTROL
Bits [71 [6] [5:0]
Default | 1'd0 1'b0 6'd3
Bits Mnemonic Description
[7] RESERVED
[6] MCLK_128FS_HALF_DIV 1'00: Divide by SELECT_ADC_NUM + 1 (default)
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
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Register 5: BACK-END CLOCK CONTROL
Bits [7:5] [3:0]
Default | 3'b010 1'00 4'b1000
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 MCLK_BCK_WS_GEN
(MCLK/divide_value).
Register 7: MISC CLOCK CONFIG
Bits [7:4] [3] [2] [1] [0]
Default | 4'b0100 1'b1 1'b1 1'00 1'b0
Bits Mnemonic Description
[7:4] 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

4l
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Register 8: MASTER MODE CONFIG

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

Default | 1'b0 1'd0 1'b1 1'b0 1'b0 1'b1 1'd0 1'b0

Bits Mnemonic Description

[7]

SLAVE_BCK_INVERT

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

[6]

RESERVED

N/A

[5]

MASTER_WS_CLK_PHASE

Determines the BCK edge DATA_WS (DATA1) 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]

RESERVED

N/A

[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'b0 1'b0 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 TDM 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 [7] [6] [5:4] [3:2] [1] [0]
Default | 1'd0 1'b0 2'b00 2'b00 1'b0 1'b0
Bits Mnemonic Description
[7] RESERVED N/A
[6] NOISE_FLOOR_SHAPE_16BIT Sets the shape of the 16-bit PCM/TDM noise floor
e 1'b0: 1st order shaping (default)
o 1'b1: Flat 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 2'10: 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)
e 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

73
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Register 11: TDM ENC CH1 SLOT CONFIG
Bits [7] [6:5] [4:0]
Default | 1'd0 2'd0 5'd0
Bits Mnemonic Description
[7] RESERVED N/A
[6:5] TDM_ENC_LINE_SEL_CH1 CH1 data line selection.
e 2'd0: DATAZ2 (default)
o 2'd1: DATA3
o 2'd2: DATA4
o 2'd3: DATA5
[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 [6:5] [4:0]
Default | 1'd0 2'd0 5'd1
Bits Mnemonic Description
[7] RESERVED N/A
[6:5] TDM_ENC_LINE_SEL_CH2 CH2 data line selection.
e 2'd0: DATAZ2 (default)
e 2'd1: DATA3
o 2'd2: DATA4
e 2'd3: DATAS
[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
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Register 13: TDM ENC CH3 SLOT CONFIG
Bits [7] [6:5] [4:0]
Default | 1'd0 2'd1 5'd0
Bits Mnemonic Description
[7] RESERVED N/A
[6:5] TDM_ENC_LINE_SEL_CH3 CH3 data line selection.
o 2'd0: DATA2
e 2'd1: DATAS (default)
o 2'd2: DATA4
o 2'd3: DATAS
[4:0] TDM_ENC_SLOT_SEL_CH3 Selects which TDM channel slot is filled by the CH3 data.
e 5'd0: Slot 1 (default)
e 5'd31: Slot 32
Register 14: TDM ENC CH4 SLOT CONFIG
Bits [7] [6:5] [4:0]
Default | 1'd0 2'd1 5'd1
Bits Mnemonic Description
[7] RESERVED N/A
[6:5] TDM_ENC_LINE_SEL_CH4 CH4 data line selection.
o 2'd0: DATA2
e 2'd1: DATAS (default)
o 2'd2: DATA4
o 2'd3: DATAS
[4:0] TDM_ENC_SLOT_SEL_CH4 Selects which TDM channel slot is filled by the CH4 data.
e 5d0: 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 1'd0 1'b0 5'd0

Bits Mnemonic Description

[7] TDM_ENC_DAISY_CHAIN TDM encoder daisy chain mode.

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

[6] RESERVED N/A
[5] TDM_DAISYLINE_SEL Daisy chain output data line selection, chains the data from
DATA3/GPIO4 onto:

e 1'n0: DATA2 (default)

e 1'b1: DATA5/GPIO6

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

ADC data is placed ahead of the normal position.

e 5'd0: Normal position

e 5'd1-31: Data is placed ADC_TDM_DATA_LATCH_ADJ

BCKs ahead
Register 20-16: RESERVED
Register 21: PDM 1/0 CONFIG
Bits [7] [6] [5] [4] [3:0]
Default | 1'b0 1'b0 1'b1 1'b0 4'd0
Bits Mnemonic Description
[7] PDM_MIC_INPUT_SEL_CH34 Selects the PDM microphone input to the CH3 and CH4
datapaths.

e 1'b0: Analog input to datapath (default)

e 1'b1: PDM microphone input to datapath

[6] PDM_MIC_INPUT_SEL_CH12 Selects the PDM microphone input to the CH1 and CH2

datapaths.

e 1'b0: Analog input to datapath (default)

e 1'b1: PDM microphone input to datapath

[5] PDM_MIC_INPUT_SAMPLE_EDGE Sets the edge of PDM_CLK where the PDM microphone input

sample increments.

o 1'b0: Rising edge

e 1'b1: Falling edge (default)

[4] PDM_MIC_INPUT_DATA_PHASE Selects the CH input edges of the PDM microphone input.

e 1'b0: CH1 on the rising edge of PDM_CLK, CH2 on the
falling edge (default)

e 1'v1: CH2 on the rising edge of PDM_CLK, CH1 on the
falling edge

[3:0] RESERVED N/A
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Register 22: PDM CLK DIVIDER
Bits [7] [6:0]
Default | 1'b0 7'd3
Bits Mnemonic Description
[7] RESERVED N/A
[6:0] PDM_CLK_DIV Frequency divider for the PDM microphone clock, PDM_CLK.
Overidden by AUTO_FS_DETECT, sets PDM_CLK_DIV =
MCLK_128FS_DIV_AUTO[3:0].
e 7'd0:2* (PDM_CLK_DIV + 1) =DIV2
e 7'd3:2* (PDM_CLK_DIV + 1) = DIV8 (default)
PDM_CLK [Hz] = MCLK
KN = S PoM ik DV + 1)
Register 23: S/IPDIF DATA SELECT
Bits [7:2] [1] [0]
Default | 6'd0 1'b0 1'd0
Bits Mnemonic Description
[7:2] RESERVED N/A
1] SPDIF_CH_PAIR_SEL Selects which channel pair is sent to the S/PDIF encoder.
e 1'b0: CH1/2 (default)
o 1'b1: CH3/4
[0] RESERVED N/A
Register 24: S/PDIF CS ADDR
Bits [7] [6:3] [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.
[6:3] RESERVED N/A
[2:0] SPDIF_CS_BYTE_ADDR Byte of the 40-bit S/PDIF Channel Status to write to.
Register 25: 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.
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Register 31-26: RESERVED

Register 32:

STATUS BITS MASK

Bits

[7] [6]

[5]

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

Default

1'b0 1'b0

1'00

1'00 1'00 1'b0 1'b0 1'b0

Bits

Mnemonic

Description

[7]

MASK_ADC_OVERLOAD_CH4

Masks the latched ADC_OVERLOAD status bit on ADC CH4.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled

[6]

MASK_ADC_OVERLOAD_CH3

Masks the latched ADC_OVERLOAD status bit on ADC CH3.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled

[3]

MASK_ADC_OVERLOAD_CH?2

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

[4]

MASK_ADC_OVERLOAD_CHf1

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

[3]

MASK_PEAK_DET_CH4

Masks the latched PEAK_FLAG status bit on ADC CH4.
e 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled

[2]

MASK_PEAK_DET_CH3

Masks the latched PEAK_FLAG status bit on ADC CH3.
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.
o 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled

[0]

MASK_PEAK_DET_CHf1

Masks the latched PEAK_FLAG status bit on ADC CH1.
o 1'b0: Status bit masked (default)
e 1'b1: Status bit enabled
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Register 33: STATUS BITS CLEAR
Bits [7] [6] [5] [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]

CLEAR_ADC_OVERLOAD_CH4

Clears the latched ADC_OVERLOAD status bit on ADC CH4.
e 1'b0: Status bit held if asserted (default)
o 1'b1: Status bit cleared

[6]

CLEAR_ADC_OVERLOAD_CH3

Clears the latched ADC_OVERLOAD status bit on ADC CH3.
e 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared

[5]

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

[4]

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

[3]

CLEAR_PEAK_DET_CH4

Clears the latched PEAK_FLAG status bit on ADC CH4.
e 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared

[2]

CLEAR_PEAK_DET_CH3

Clears the latched PEAK_FLAG status bit on ADC CH3.
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.
o 1'b0: Status bit held if asserted (default)
e 1'b1: Status bit cleared

[0]

CLEAR_PEAK_DET_CHf1

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

Register 46-34: RESERVED
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GPIO Registers
Register 47: GPI0O1/2 CONFIG

Bits [7:4]

[3:0]

Default | 4'd0

4'd0

Bits Mnemonic

Description

[7:4] GPIO2_CFG

Configure GPIO2 functionality.
4'd0:
4'd1:
4'd2:
4'd3:
4'd4:
4'd5:
4'd6:
4'd7.
4'd8:
4'd9:
4'd10: Mute ADCs - input

4'd11: BCK/WS Fail - output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

Analog outputs off — shutdown (default)
Output 0 — output

OR of Status Bits — output

Clock valid flag — output

S/PDIF stream — output

PWM1 signal — output

PWM2 signal — output

PWM3 signal — output

Reserved

Reserved

[3:0] GPIO1_CFG

Configure GPIO1 functionality.
4'd0:
4'd1:
4'd2:
4'd3:
4'd4:
4'd5:
4'd6:
4'd7:
4'd8:
4'd9:
4'd10: Mute ADCs — input

4'd11: BCK/WS Fail - output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

Analog outputs off — shutdown (default)
Output 0 - output

OR of Status Bits — output

Clock valid flag — output

S/PDIF stream — output

PWM1 signal — output

PWM2 signal — output

PWM3 signal — output

Reserved

Reserved
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Register 48: GP103/4 CONFIG

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

[7:4] GPIO4_CFG

Configure GP104 functionality.

4'd1: Output 0 — output

4'd2: OR of Status Bits — output
4'd3: Clock valid flag — output
4'd4: S/PDIF stream - output
4'd5: PWM1 signal — output

4'd6: PWM2 signal — output

4'd7. PWM3 signal — output

4'd8: Reserved

4'd9: Reserved

4'd10: Mute ADCs - input

4'd11: BCK/WS Fail — output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

4'd0: Analog outputs off — shutdown (default)

[3:0] GPIO3_CFG

Configure GPIO3 functionality.

4'd1: Output 0 — output

4'd2: OR of Status Bits — output
4'd3: Clock valid flag — output
4'd4: S/PDIF stream — output
4'd5: PWM1 signal - output

4'd6: PWM2 signal — output

4'd7. PWMa3 signal — output

4'd8: Reserved

4'd9: Reserved

4'd10: Mute ADCs - input

4'd11: BCK/WS Fail — output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

4'd0: Analog outputs off — shutdown (default)
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Register 49: 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:
4'd1:
4'd2:
4'd3:
4'd4:
4'd5:
4'd6:
4'd7:
4'd8:
4'd9:
4'd10: Mute ADCs - input

4'd11: BCK/WS Fail - output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

Analog outputs off — shutdown (default)
Output 0 - output

OR of Status Bits — output

Clock valid flag — output

S/PDIF stream — output

PWM1 signal — output

PWM2 signal — output

PWM3 signal — output

Reserved

Reserved

[3:0] GPIO5_CFG

Configure GPIO5 functionality.
4'd0:
4'd1:
4'd2:
4'd3:
4'd4:
4'd5:
4'd6:
4'd7:
4'd8:
4'd9:
4'd10: Mute ADCs - input

4'd11: BCK/WS Fail - output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

Analog outputs off — shutdown (default)
Output 0 - output

OR of Status Bits — output

Clock valid flag — output

S/PDIF stream — output

PWM1 signal — output

PWM2 signal — output

PWM3 signal — output

Reserved

Reserved
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Register 50: GP107/8 CONFIG

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

[7:4] GPIO8_CFG

Configure GPIO8 functionality.

4'd1: Output 0 — output

4'd2: OR of Status Bits — output
4'd3: Clock valid flag — output
4'd4: S/PDIF stream - output
4'd5: PWM1 signal — output

4'd6: PWM2 signal — output

4'd7. PWM3 signal — output

4'd8: Reserved

4'd9: Reserved

4'd10: Mute ADCs - input

4'd11: BCK/WS Fail — output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

4'd0: Analog outputs off — shutdown (default)

[3:0] GPIO7_CFG

Configure GPIO7 functionality.

4'd1: Output 0 — output

4'd2: OR of Status Bits — output
4'd3: Clock valid flag — output
4'd4: S/PDIF stream — output
4'd5: PWM1 signal - output

4'd6: PWM2 signal — output

4'd7. PWMa3 signal — output

4'd8: Reserved

4'd9: Reserved

4'd10: Mute ADCs - input

4'd11: BCK/WS Fail — output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

4'd0: Analog outputs off — shutdown (default)
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Register 51: GPI09/10 CONFIG

Bits [7:4]

[3:0]

Default | 4'd0

4'd0

Bits Mnemonic

Description

[7:4] GPIO10_CFG

Configure GP1010 functionality.
4'd0:
4'd1:
4'd2:
4'd3:
4'd4:
4'd5:
4'd6:
4'd7:
4'd8:
4'd9:
4'd10: Mute ADCs - input

4'd11: BCK/WS Fail - output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

Analog outputs off — shutdown (default)
Output 0 - output

OR of Status Bits — output

Clock valid flag — output

S/PDIF stream — output

PWM1 signal — output

PWM2 signal — output

PWM3 signal — output

Reserved

Reserved

[3:0] GPIO9_CFG

Configure GPIO9 functionality.
4'd0:
4'd1:
4'd2:
4'd3:
4'd4:
4'd5:
4'd6:
4'd7:
4'd8:
4'd9:
4'd10: Mute ADCs - input

4'd11: BCK/WS Fail - output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output

Analog outputs off — shutdown (default)
Output 0 - output

OR of Status Bits — output

Clock valid flag — output

S/PDIF stream — output

PWM1 signal — output

PWM2 signal — output

PWM3 signal — output

Reserved

Reserved
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Register 52: GPI011 CONFIG

Bits [7:4] [3:0]

Default | 4'd0 4'd0

Bits Mnemonic Description

[7:4] RESERVED N/A

[3:0] GPIO11_CFG Configure GP1011 functionality.

4'd0: Analog outputs off — shutdown (default)
4'd1: Output 0 — output

4'd2: OR of Status Bits — output
4'd3: Clock valid flag — output
4'd4: S/PDIF stream — output
4'd5: PWM1 signal - output

4'd6: PWM2 signal - output

4'd7: PWM3 signal - output

4'd8: Reserved

4'd9: Reserved

4'd10: Mute ADCs - input

4'd11: BCK/WS Fail - output
4'd12: CH1 Detection flag — output
4'd13: CH2 Detection flag — output
4'd14: CH3 Detection flag — output
4'd15: CH4 Detection flag — output
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Register 54-53: GPIO INPUT ENABLE
Bits [15:11] [10] | [91 |[8 |[71 |[6] |[5] |[4 |[31 |[2] |[1] |I[0]
Default | 5'd0 160 | 1'00 | 10 | 1'b0 | 1'00 | 1'60 | 1'00 | 1’60 | 1'60 | 1'b0 | 1'b0
Bits Mnemonic Description
[15:11] RESERVED N/A
[10] GPIO11_IE e 1'b0: GPIO11 input disabled (default)
e 1'b1: GPIO11 input enabled
[9] GPIO10_IE e 1'b0: GPIO10 input disabled (default)
e 1'b1: GPIO10 input enabled
[8] GPIO9_IE e 1'b0: GPIO9 input disabled (default)
e 1'b1: GPIO9 input enabled
[7] GPIO8_IE e 1'b0: GPIO8 input disabled (default)
e 1'b1: GPIO8 input enabled
[6] GPIO7_IE e 1'b0: GPIO7 input disabled (default)
e 1'b1: GPIO7 input enabled
[5] GPIO6_IE e 1'b0: GPIOG input disabled (default)
e 1'b1: GPIOG input enabled
[4] GPIO5_IE e 1'b0: GPIOS5 input disabled (default)
e 1'b1: GPIO5 input enabled
[3] GPIO4_IE e 1'b0: GPIO4 input disabled (default)
e 1'b1: GPIO4 input enabled
[2] GPIO3_IE e 1'b0: GPIO3 input disabled (default)
e 1'b1: GPIO3 input enabled
[1] GPIO2_IE e 1'b0: GPIOZ2 input disabled (default)
e 1'b1: GPIO2 input enabled
[0] GPIO1_IE e 1'b0: GPIO1 input disabled (default)
e 1'b1: GPIO1 input enabled

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 » WWW.ESSTECH.COM 86



VERSION 0.4

\_\P\_\| ‘ |
ES9841 Product Datasheet ’ :.ELE'
Register 56-55: GPIO OUTPUT ENABLE
Bits [15:11] [10] | [91 |[8 |[71 [[6] |[5] |[4 |[31 |[2] |[1] |I[0]
Default | 5'd0 100 | 100 | 160 | 1'00 | 1'60 | 1'b0 | 1'00 | 1'00 | 1'60 | 1'b0 | 1'b0
Bits Mnemonic Description
[15:11] RESERVED N/A
[10] GPIO11_OE e 1'b0: Tristate GPIO11 output (default)
e 1'b1: GPIO11 output enabled
[9] GPIO10_OE e 1'b0: Tristate GPIO10 output (default)
e 1'b1: GPIO10 output enabled
[8] GPIO9_OE e 1'b0: Tristate GPIO9 output (default)
e 1'01: GPIO9 output enabled
7 GPIO8_OE e 1'b0: Tristate GPIO8 output (default)
e 1'b1: GPIO8 output enabled
[6] GPIO7_OE e 1'b0: Tristate GPIO7 output (default)
e 1'1: GPIO7 output enabled
[5] GPI06_OE e 1'b0: Tristate GPIOG6 output (default)
e 1'b1: GPIO6 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 GPI0O4 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] GPI02_OE e 1'b0: Tristate GPIO2 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 58-57: GPIO INVERT

Bits

[15:11]

[10]

[8

[8]

[7]

[6]

[5]

[4 |81 [[2] [[1] |[0]

Default

5'd0

1'00

1'b0

1'00

1'b0

1'b0

1'00

100 | 1'00 | 160 | 1'00 | 1'b0

Bits

Mnemonic

Description

[15:11]

RESERVED

N/A

[10]

GPIO11_INV

Invert the GPIO11 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[0

GPIO10_INV

Invert the GPIO10 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[8]

GPIO9_INV

Invert the GPIO9 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[7]

GPIO8_INV

Invert the GPIO8 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[6]

GPIO7_INV

Invert the GPIO7 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[3]

GPIO6_INV

Invert the GPIO6 input and output.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[4]

GPIO5_INV

Invert the GPIO5 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)
o 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 60-59: GPIO WEAK KEEPER
Bits [15:11] [10] | [91 |[8 |[71 [[6] |[5] |[4 |[31 |[2] |[1] |I[0]
Default | 5'd0 100 | 100 | 160 | 1'00 | 1'60 | 1'b0 | 1'00 | 1'00 | 1'60 | 1'b0 | 1'b0
Bits Mnemonic Description
[15:11] RESERVED N/A
[10] GPIO11_WK_EN e 1'b0: GPIO11 weak keeper disabled (default)
e 1'b1: GPIO11 weak keeper enabled
[9] GPIO10_WK_EN e 1'b0: GPIO10 weak keeper disabled (default)
o 1'b1: GPIO10 weak keeper enabled
[8] GPIO9_WK_EN e 1'b0: GPIO9 weak keeper disabled (default)
o 1'1: GPIO9 weak keeper enabled
[7]1 GPIO8_WK_EN e 1'b0: GPIO8 weak keeper disabled (default)
e 1'b1: GPIO8 weak keeper enabled
[6] GPIO7_WK_EN e 1'b0: GPIO7 weak keeper disabled (default)
o 1'b1: GPIO7 weak keeper enabled
[5] GPIO6_WK_EN e 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)
o 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)
o 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)
o 1'b1: GPIO1 weak keeper enabled
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Register 62-61: GPIO READ

Bits [15:11] [10] | [91 |[8 |[71 |[6] |[5] |[4 |[31 |[2] |[1] |I[0]

Default | 5'd0 160 | 1'00 | 10 | 1'b0 | 1'00 | 1'60 | 1'00 | 1’60 | 1'60 | 1'b0 | 1'b0

Bits Mnemonic Description

[15:11] RESERVED N/A

[10] GPIO11_READ e 1'b0: GPIO11 input readback disabled (default)
o 1'b1: Allows readback of GPIO11 input

[9] GPIO10_READ e 1'b0: GPIO10 input readback disabled (default)
e 1'b1: Allows readback of GPIO10 input

[8] GPIO9_READ e 1'b0: GPIO9 input readback disabled (default)
o 1'b1: Allows readback of GPIQ9 input

[7] GPIO8_READ e 1'b0: GPIO8 input readback disabled (default)
e 1'b1: Allows readback of GPIO8 input

[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: GPIOS5 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)

1'b1: Allows readback of GPIO1 input
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Register 63: DETECTION FLAG CONFIG
Bits [7] [6] [5] [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]

LIVE_DETECT_CH4

Set the CH4 detection flag to use the live value, instead of the
latched value.

e 1'b0: Latched flag (default)

o 1'b1: Live flag

[6]

LIVE_DETECT_CH3

Set the CH3 detection flag to use the live value, instead of the
latched value.

e 1'b0: Latched flag (default)

e 1'b1: Live flag

[3]

LIVE_DETECT_CH2

Set the CH2 detection flag to use the live value, instead of the
latched value.

e 1'b0: Latched flag (default)

e 1'b1: Live flag

[4]

LIVE_DETECT_CH1

Set the CH1 detection flag to use the live value, instead of the
latched value.

e 1'b0: Latched flag (default)

o 1'b1: Live flag

[3]

DETECT_FLAG_SEL_CH4

Selects which CH4 detection flag to output when gpio_cfg is set
to "CH4 Detection Flag".

e 1'b0: Peak Detect Flag (default)

e 1'b1: ADC Overload Flag

[2]

DETECT_FLAG_SEL_CH3

Selects which CH3 detection flag to output when gpio_cfg is set
to "CH3 Detection Flag".

e 1'b0: Peak Detect Flag (default)

e 1'b1: ADC Overload Flag

[1]

DETECT_FLAG_SEL_CH2

Selects which CH2 detection flag to output when gpio_cfg is set
to "CH2 Detection Flag".

e 1'b0: Peak Detect Flag (default)

e 1'b1: ADC Overload Flag

[0]

DETECT_FLAG_SEL_CH1

Selects which CH1 detection flag to output when gpio_cfg is set
to "CH1 Detection Flag".

e 1'b0: Peak Detect Flag (default)

e 1'b1: ADC Overload Flag

9N
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Register 64: PWM1 COUNT

Bits [7:0]

Default | 8'h00

Bits Mnemonic Description

[7:0] PWM1_COUNT 8-bit value for the number of MCLK periods the PWM signal is

high.

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

e 8hFF: Maximum

Register 66-65: PWM1 FREQUENCY

Bits [15:0]
Default 16'h0000
Bits Mnemonic Description
[15:0] PWM1_FREQ 16-bit value for the frequency of the PWM signal.
e 16'h0000: Disabled (default)
e 16'h0001: Minimum
e 16'hFFFF: Maximum
. Hal = MCLK
requency [Nzl = Sy FREQ + 1
Duty Cycle [%] = PWM1_COUNT 100
uty Cycle [l = S FREQ + 1
Register 67: PWM2 COUNT
Bits [7:0]
Default 8'h00
Bits Mnemonic Description
[7:0] PWM2_COUNT 8-bit value for the number of MCLK periods the PWM signal is

high.

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

e 8'hFF: Maximum
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Register 69-68: PWM2 FREQUENCY
Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] PWM2_FREQ 16-bit value for the frequency of the PWM signal.
e 16'h0000: Disabled (default)
e 16'h0001: Minimum
e 16'hFFFF: Maximum
. Hal = MCLK
requency [Mz] = oo FREQ + 1
Duty Cycle [%] = PWM2_COUNT 100
Hy Cycle [ = 5wz FREQ + 1
Register 70: PWM3 COUNT
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] PWM3_COUNT 8-bit value for the number of MCLK periods the PWM signal is
high.
e 8'h00: Disabled (default)
e 8h01: Minimum
e 8hFF: Maximum
Register 72-71: PWM3 FREQUENCY
Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] PWM3_FREQ 16-bit value for the frequency of the PWM signal.
e 16'h0000: Disabled (default)
e 16'h0001: Minimum
e 16'hFFFF: Maximum
. Hal = MCLK
requency [M2] = oyvs_FrREQ + 1
Dutv Cvele [%] — PWM3_COUNT 100
uty Cycle %] = Bz FREQ + 1
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ADC Registers
Register 73: ADC NEGATION
Bits [7:4] [3] [2] [1] [0]
Default | 4'b0000 1'00 1'b0 1'b0 1'b0
Bits Mnemonic Description
[7:4] RESERVED N/A

[3]

ADC_NEG_SEL_CH4

Inverts data input from the CH4 analog ADC.
e 1'b0: No inversion (default)
e 1'b1: Inverts input data

[2]

ADC_NEG_SEL_CH3

Inverts data input from the CH3 analog ADC.
e 1'b0: No inversion (default)
e 1'b1: Inverts input data

[1]

ADC_NEG_SEL_CH2

Inverts data input from the CH2 analog ADC.
e 1'b0: No inversion (default)
e 1'b1: Inverts input data

[0]

ADC_NEG_SEL_CH1

Inverts data input from the CH1 analog ADC.
e 1'b0: No inversion (default)

1'01: Inverts input data

Register 74: ADC FIR FILTER

Bits

[7:5]

[4]

[3]

[2:0]

Default

3'd0

1'b0

1'b0

3'p000

Bits

Mnemonic

Description

[7:5]

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

[4]

BYPASS_FIR2X

1'b0: Non-bypass (default)
1'b1: Bypass DFir_2x

[3]

BYPASS_FIR4X

e 1'b0: Non-bypass (default)
e 1'b1: Bypass DFir_4x

[2:0]

BYPASS_IIR

Bypass IIR Filter.

e 3'b000: Non-bypass (default)
e 3'b111: Bypass IIR

e Others: Reserved
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Register 75: RESERVED

Register 76: DC BLOCKING

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

Default | 1'b1 1'b1 1'b1 1'b1 4'b0010

Bits Mnemonic Description

[7] DC_BLOCK_EN_CH4 Enable the CH2 DC blocking filter on audio datapath.

e 1'b0: Bypass DC blocking filter

e 1'b1: Use DC blocking filter (default)

[6] DC_BLOCK_EN_CH3 Enable the CH1 DC blocking filter on audio datapath.
e 1'b0: Bypass DC blocking filter

e 1'b1: Use DC blocking filter (default)

[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 80-77: RESERVED
Register 81: VOLUME CH1

Bits [7:0]
Default 8'h00

Bits Mnemonic Description

[7:0] VOLUME_CH1 CH1 volume.

0dB to -127dB, 0.5dB steps.
e 8'h00: 0dB (default)

o 8'hFE:-127dB

o 8'hFF: Mute
Register 82: VOLUME CH2
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] VOLUME_CH2 CH2 volume.

0dB to -127dB, 0.5dB steps.
e 8'h00: 0dB (default)

o 8hFE:-127dB

o 8'hFF: Mute
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Register 83: VOLUME CH3

Bits [7:0]
Default | 8'h00

Bits Mnemonic Description

[7:0] VOLUME_CH3 CH3 volume.

0dB to -127dB, 0.5dB steps.
e 8h00: 0dB (default)

e G8hFE:-127dB

e 8hFF: Mute
Register 84: VOLUME CH4
Bits [7:0]
Default | 8'h00
Bits Mnemonic Description
[7:0] VOLUME_CH4 CH4 volume.

0dB to -127dB, 0.5dB steps.
e 8h00: 0dB (default)

e 8hFE:-127dB

e 8'hFF: Mute
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Register 86-85: DIGITAL GAIN

Bits [15] | [14:12] [11] | [10:8] [71 | [6:4] 3] | [2:0]
Default | 1'b0 | 3'd0 190 | 3'd0 10 | 3'd0 10 | 3'd0
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Bits Mnemonic Description
[15] MONO_VOLUME All channel volumes controlled by the CH1 volume control.

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

[14:12]

DIGITAL_GAIN_CH4

ADC CH2 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

[11]

RESERVED

N/A

[10:8]

DIGITAL_GAIN_CH3

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

[7]

RESERVED

N/A

[6:4]

DIGITAL_GAIN_CH2

ADC CH2 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

[3]

RESERVED

N/A

[2:0]

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 87: PHASE INVERSION
Bits [7:4] [3] 2] [1] [0]
Default | 4'd0 1'b0 1'00 1'00 1'00
Bits Mnemonic Description
[7:4] RESERVED N/A

[3]

VOL_PHASE_INV_CH4

Inverts the phase of VOLUME_CH4.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[2]

VOL_PHASE_INV_CH3

Inverts the phase of VOLUME_CH3.
e 1'b0: Non-inverted (default)
e 1'b1: Inverted

[1]

VOL_PHASE_INV_CH2

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

[0]

VOL_PHASE_INV_CH1

Inverts the phase of VOLUME_CH1.
e 1'b0: Non-inverted (default)
o 1'b1: Inverted

Register 88: VOLUME UP RAMP RATE
Bits [7:0]
Default | 8'h04
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_step [inc/sample] =

8'h00: Instant change
8'h01: Slowest change
8'h04: Default

8'hFF: Fastest change
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Register 89: VOLUME DOWN RAMP RATE

Bits [7:0]
Default | 8'h04

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 8h01: Slowest change
e 8'h04: Default
o 8'hFF: Fastest change
Register 91-90: THD COMP C2 CH1/2
Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] THD_COMP_C2_CH12 A 16-bit signed coefficient for correcting for the ADC 2nd

harmonic distortion.
output = x + c2 - x> +c3 - x3

Register 93-92: THD COMP C3 CH1/2

Bits [15:0]
Default | 160000

Bits Mnemonic Description

[15:0] THD_COMP_C3_CH12 output = x +c2-x*+¢3-x3
Register 95-94: THD COMP C2 CH3/4

Bits [15:0]

Default | 16'h0000

Bits Mnemonic Description
[15:0] THD_COMP_C2_CH34 A 16-bit signed coefficient for correcting for the ADC 2nd
harmonic distortion.
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Register 97-96: THD COMP C3 CH3/4

Bits [15:0]
Default | 16'h0000
Bits Mnemonic Description
[15:0] THD_COMP_C3_CH34 A 16-bit signed coefficient for correcting for the ADC 2nd
harmonic distortion.
output = x + c2 - x> +c3 - x3
Register 98: PEAK DETECT ENABLE
Bits [7:4] [3] [2] [1] [0]
Default | 4'd0 1'b0 1'b0 1'b0 1'b0
Bits Mnemonic Description
[7:4] RESERVED N/A

[3]

PEAK_DETECT_EN_CH4

Enables the ADC CH4 peak detector.

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

[2]

PEAK_DETECT_EN_CH3

Enables the ADC CH3 peak detector.

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

[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 99: 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

5'd1: Fastest decay

5'd10: Default value

5'd22: Slowest decay

Others: Reserved
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Register 103-100: PEAK THRESHOLDS
Bits [31:24] [23:16] [15:8] [7:0]
Default | 8'hFF 8'hFF 8'hFF 8'hFF
Bits Mnemonic Description
[31:24] PEAK_THRESH_CH4 Threshold value to trigger the PEAK_FLAG in the CH4 peak
detector.
Triggers if the input signal > PEAK_THRESH_CH4.
e 8'h01:-48dB

e 8'hFF: 0dB (default)
threshold [dB] = 20 - log10<<

PEAK_THRESH_CH4> (32))

28 -1 30
[23:16] PEAK_THRESH_CH3 Threshold value to trigger the PEAK_FLAG in the CH3 peak
detector.
Triggers if the input signal > PEAK_THRESH_CHa3.
e 8h01:-48dB

e 8hFF: 0dB (default)
threshold [dB] = 20 - log10<<

PEAK_THRESH_CHS) <32>)

28 -1 30
[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)
threshold [dB] = 20 - log10<<

PEAK_THRESH_CH2> <32)>

28 —1 30
[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<<

281 30

PEAK_THRESH_CH1> (32))

Register 106-104: RESERVED
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PLL Registers
Register 107: PLL CLOCK SELECT
Bits [7] [6] [5:4] [3] [2] [1:0]
Default | 1'b0 1'b0 2'b10 1'b0 1'b0 2'd0
Bits Mnemonic Description
[7] 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)
e 1'b1: Digital/analog DAC clocks have the same phase
[5:4] SEL_PLL_CLK_IN Selects PLL input clock source when EN_PLL_CLK_IN is set.

e 2'b00: ACLK1

e 2'b01: ACLK2

e 2'b10: DATA_CLK (default)

[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] SEL_MCLK_IN_PLL Selects which ACLK source is used by the digital core and
analog ADC, when EN_MCLK_IN is set.

e 1'b0: ACLK1/2 (default)

e 1b1:PLL_CLK

Note: Overrides SEL_MCLK_ACLK_SRC.

[1:0] RESERVED N/A
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Register 108: PLL VCO & CP

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

Default | 1'b0 3'b011 1'b0 1'00 1'00 1'b0

Bits Mnemonic Description

[7] RESERVED N/A

[6:4] PLL_CP_BIAS_SEL Sets the Charge Pump bias Current:

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

[3] PLL_CP_EN Enables/disables the PLL charge pump.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[2] PLL_VCO_EN Enables/disables the PLL voltage-controlled oscillator (VCO).

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

[1]

PLL_CLKSMP_EN

Power Down the PLL circuitry.
e 1'b0: PLL Block disabled (default)
e 1'b1: PLL Block enabled

[0] PLL_DIG_RSTB Resets the Digital core of the PLL.
Register 109: PLL REGULATOR
Bits [7:4] [3] [2] [1:0]
Default | 4'd0 1'00 1'b1 2'b10
Bits Mnemonic Description
[7:4] RESERVED N/A
[3] PLL_REG_EN Power down the PLL regulator.
e 1'b0: Disable the PLL regulator (default)
e 1'b1: Enable the PLL regulator
[2] PLL_REG_LN Select low noise reference for HV regulator.
e 1'b0: Disabled (default)
e 1'b1: Enabled
[1:0] RESERVED N/A
Register 112-110: PLL FEEDBACK DIV
Bits [23:0]
Default | 24'h100000
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 2A25/n
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e 4'd0: Reserved
e 4'd3: Divide by 4. (default)
e 4'dn: Divide by (n + 1).
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Register 115-113: PLL IN & OUT DIV
Bits [23:21] [20] | [19:16] [15:12] [11:10] | [9] | [8:0]
Default | 3'd0 1'b1 | 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'b0: Dynamic Tuning of Phase
¢ 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).

[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 116: 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 121-117: RESERVED
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SPI Master Registers
Register 122: 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)
e 1'b1: Transactions started
Register 123: 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: VALIDITY READ

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

Default | - - - -

Bits Mnemonic Description

[7] PLL_LOCKED PLL locked flag.

[6] RESERVED N/A

[5] TDM_ENC_VALID TDM encoder valid flag.

[4:0] AUTO_CH_NUM Automatic TDM channel number tuning result.
Register 225: CHIP ID

Bits [7:0]

Default | 8'h91

Bits Mnemonic Description

[7:0] CHIP_ID e [ES9841: 0x91

Register 229-226: RESERVED
Register 230: AUTO FS READ

Bits [7] [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.
e 1'b1: 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
X+1)- (%)
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Register 231: CLOCK VALIDITY

Bits [7:3] [2] [1] [0]
Default - - -
Bits Mnemonic Description
[7:3] RESERVED N/A
[2] RATIO_VALID Validity of the MCLK/MCLK_128FS ratio.
e 1'b0: Invalid ratio
e 1'b1: Valid ratio
[1] BCK_INVALID Validity of the BCK signal, requires BCK_MONITOR to be
enabled.
[0] WS_INVALID Validity of the WS signal, requires WS_MONITOR to be

enabled.

Register 233-232: GPIO READBACK

Bits | [15:1] (o1 [191 [i8 [t [t61 |51 [[41 [131 [12 [0 0]
Default | - - - - - - - - - - - -
Bits Mnemonic Description

[15:11] RESERVED N/A

[10] GPIO11_R GPI011 input readback.

[9] GPIO10_R GPI1010 input readback.

[8] GPIO9_R GPIQO9 input readback.

[7] GPIO8_R GPIO8 input readback.

[6] GPIO7_R GPIO7 input readback.

[5] GPIO6_R GPIO6 input readback.

[4] GPIO5_R GPIO5 input readback.

[3] GPIO4_R GPI104 input readback.

[2] GPIO3_R GPIO3 input readback.

[1] GPIO2_R GPIO2 input readback.

[0] GPIO1_R GPIO1 input readback.
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Register 234: ADC OVERLOAD FLAGS

ES9841 Product Datasheet

Bits

[4]

Default

[7] [6] [5]

[3] [2] [1]

[0]

Bits

Mnemonic

Description

[7]

ADC_OVERLOAD_FLAG_CH4

CH4 ADC modulator overload flag.
e 1'b0: No overload
e 1'b1: ADC modulator overloaded

[6]

ADC_OVERLOAD_FLAG_CH3

CH3 ADC modulator overload flag.
e 1'b0: No overload
e 1'b1: ADC modulator overloaded

[3]

ADC_OVERLOAD_FLAG_CH2

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

[4]

ADC_OVERLOAD_FLAG_CH1

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

[3]

ADC_OVERLOAD_FLAG_LAT_CH4

Latched CH4 ADC modulator overload flag.

e 1'b0: No overload
e 1'b1: ADC modulator overloaded
Note: Requires Reg 33[7] to clear flag.

[2]

ADC_OVERLOAD_FLAG_LAT_CH3

Latched CH3 ADC modulator overload flag.

e 1'b0: No overload
e 1'b1: ADC modulator overloaded
Note: Requires Reg 33[6] to clear flag.

[1]

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.

[0]

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.
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Register 235: PEAK FLAGS
Bits [7] [6] [5] [4] [3] 2] [1] [0]
Default | - - - - - - - -
Bits Mnemonic Description
[7] PEAK_FLAG_CH4 ADC CH4 live peak detector flag.

e 1'b0: CH4 input signal < PEAK_THRESH_CH4
o 1'b1: CH4 input signal > PEAK_THRESH_CH4
[6] PEAK_FLAG_CH3 ADC CH3 live peak detector flag.

e 1'b0: CH3 input signal < PEAK_THRESH_CH3
e 1'b1: CH3 input signal > PEAK_THRESH_CH3
[5] PEAK_FLAG_CH2 ADC CH2 live peak detector flag.

e 1'b0: CH2 input signal < PEAK_THRESH_CH2
e 1'b1: CH2 input signal > PEAK_THRESH_CH?2
[4] PEAK_FLAG_CH1 ADC CH1 live peak detector flag.

e 1'b0: CH1 input signal < PEAK_THRESH_CH1
e 1'b1: CH1 input signal > PEAK_THRESH_CH1
[3] PEAK_FLAG_LAT_CH4 ADC CH4 latched peak detector flag.

e 1'b0: CH4 input signal < PEAK_THRESH_CH4
e 1'b1: CH4 input signal > PEAK_THRESH_CH4
Note: Requires Reg33[3] to clear flag.

[2] PEAK_FLAG_LAT_CH3 ADC CH3 latched peak detector flag.

e 1'b0: CH3 input signal < PEAK_THRESH_CH3
e 1'b1: CH3 input signal > PEAK_THRESH_CH3
Note: Requires Reg33[2] to clear flag.

[1] PEAK_FLAG_LAT_CH2 ADC CH2 latched peak detector flag.

e 1'b0: CH2 input signal < PEAK_THRESH_CH2
e 1'b1: CH2 input signal > PEAK_THRESH_CH?2
Note: Requires Reg33[1] to clear flag.

[0] PEAK_FLAG_LAT_CH1 ADC CH1 latched peak detector flag.

e 1'b0: CH1 input signal < PEAK_THRESH_CH1
e 1'b1: CH1 input signal > PEAK_THRESH_CH1
Note: Requires Reg33[0] to clear flag.

Register 237-236: PEAK CH1 READ

Bits [15:0]

Default | -

Bits Mnemonic Description

[15:0] PEAK_LEVEL_CH1 ADC CH1 peak detector value readback.

216 _ 1 %

PEAK_LEVEL CH1\ /(32
Peak [dB] = 20 - log10 ( )
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Register 239-238: PEAK CH2 READ
Bits [15:0]
Default | -
Bits Mnemonic Description
[15:0] PEAK_LEVEL_CH2 ADC CH2 peak detector value readback.
Peak [dB1 = 20 - logl0 PEAK_LEVEL_CH2 (32)
eak [dB] = og 6 1 30
Register 241-240: PEAK CH3 READ
Bits [15:0]
Default | -
Bits Mnemonic Description
[15:0] PEAK_LEVEL_CH3 ADC CH3 peak detector value readback.
Peak I4B] = 20 - log10 PEAK_LEVEL_CH3 <32>
eak [dB] = og 161 30

Register 243-242: PEAK CH4 READ

Bits [15:0]
Default |-
Bits Mnemonic Description
[15:0] PEAK_LEVEL_CH4 ADC CH4 peak detector value readback.
PEAK_LEVEL_CH4 32
Peak [dB] = 20 - log10<< e > - <%)>

Register 246-244: RESERVED
Register 247: SPI MASTER DATA IN

Bits [7:0]

Default | -

Bits Mnemonic Description

[7:0] SPI_M_DATA_| Byte of data read from the SPI slave device.
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ES9841Q Reference Schematic

Figure 26 - ES9841Q Hardware Mode Reference Schematic

Note: The ES9841Q 40QFN package has an exposed pad (Pin 41) that should be connected to ground.
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Software (SW) Mode
Serial Data Outputs
4Ch 125 Shown
* Used for PDM Microphone Decoder
< BCK »
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SDO
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*DATAL »
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SPIl Master
< 55M
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o
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ACLK1 2 [=RCRCRCRTRT 29 SPI / 12¢
mreadl 5|6Pio1t = DvDD =2 Via MODE Pin
[ACLK2) | MODE © MISOS,/ADDR2 T MISOS / ADDR2 »
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Note: The ES9841Q 40QFN package has an exposed pad (Pin 41) that should be connected to ground.

Figure 27 - ES9841Q Software Mode Reference Schematic
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Differential Input Stage
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100nF
GND
c10

10007

.

470nF

o 1o
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(OPEN)

C15 Cci6

»—J0ut2

Figure 28 - Recommended Differential Input Stage

Single-Ended Input Stage

1.2nF (SHORT)

?\?\1& T <10ut2

Figure 29 - Recommended Single-Ended Input Stage
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ES9841 PCB Layout Guidelines

To maximize performance of the ES9841, ESS Technology makes the following PCB Layout recommendations:

1. 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.

2. 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.

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

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

5. Ensure the package pad is connected to ground plane on the back side of the PCB with multiple vias for heat

dissipation.
N T M -
O U U 0O
0O o a a
<< << <€ <
. . . [ a . ' .

Figure 30 - ES9841 Recommended PCB Layout Guidelines
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40 QFN Package Dimensions

|
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— - + — R — [
(0]
|
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D A3
A
Sy
JEDEC QUTLINE MO—-220 % 5
PKG CODE|  WQFN(X540) ==
[}
SYMBOLS | MIN. | NOM. | MAX. 2|z
=
A 0.70 |1 0.75 | 0.80 Gﬁ
A1 | 0.00 002|005 v
A3 0.203 REF.
b |0.15[020]0.25
D 5.00 BSC
E 5.00 BSC
e 0.40 BSC
L 0.35 1 0.40 | 0.45
L1 0.33 1 0.38 | 0.43
K 020 - -
PAD SIZE Dz £2 LEAD FINISHI jepec coe
MIN. | NOM. | MAX. | MIN. | NOM. | MAX. |Pure Tin| PPF
AT50X15R MIL| 3.40 | 5.50 | 3.60 | 3.40 | 3.50 | 3.60 X W(V)HHE71

D2

K C0.35X45
|
Juuduuuduy
™
- N -
) -
™ -

S == I N (= N
) = !
™ ]

- -
D) (=
T -
AEARRNANANANARANREN
| |
L(32X) L1(8X%)

NOTES :

1. ALL DIMENSIONS ARE IN MILLIMETERS.

2. DIMENSION b APPLIES TO METALLIZED TERMINAL
AND IS MEASURED BETWEEN 0.15mm AND 0.30mm
FROM THE TERMINAL TIP. IF THE TERMINAL HAS
THE OPTIONAL RADIUS ON THE OTHER END OF THE
TERMINAL, THE DIMENSION b SHOULD NOT BE
MEASURED IN THAT RADIUS AREA.

3. BILATERAL COPLANARITY ZONE APPLIES TO THE
EXPOSED HEAT SINK SLUG AS WELL AS THE
TERMINALS.

Figure 31 - ES9841 40 QFN Package Dimensions
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40 QFN Top View Marking
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IO MEEEEEEE
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Dimension in mm
Package Type A B C D E F G
QFN 5mm x 5mm 4.0 1.6 0.2 04 0.2 0.1 0.3

T Tracking number
w Work week

Y Last digit of year
L Lot number

R

Silicon Revision
Marking is subject to change. This drawing is not to scale.

Figure 32 - ES9841 40 QFN Top View Marking
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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.

- [+ .*
e
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-
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T - Tc -5C
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e +
= T |
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g Tsmax Przheat Area \
ﬂ_ b - l\.
E — b
& . I
- \
L ‘._‘.
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Figure 33 - 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 42 - 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-25mm 260°C 250°C 245°C
>2.5mm 250°C 245°C 245°C

Table 43 - 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

ES9841Q

SABRE 4 Channel High Performance 4 Channel ADC

5mm x 5mm 40 QFN

Revision History

Current Version 0.4

Table 44 - Ordering Information

Rev. | Date

Notes

04 November, 2025 | Production release

© 2025 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.
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