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“‘ I‘ | |
/ :.ELED _HiFi 32-bit High performance 2 Channel DAC
Analog Reinvented Product Datasheet

The ESS Sabre® ES9039Q2M is a high performance 32-bit, 2-channel audio D/A converter. It has been designed for professional applications
(mixer consoles, digital audio workstations), audiophile-grade portable applications (headphones, network streamers and digital music players),
and consumer applications (DACs and A/V receivers). The ES9039Q2M uses the newest ESS patented HyperStream® [V Dual DAC™ technology,
and advanced SABRE HiFi® architecture.

The ES9039Q2M delivers a performance level that will satisfy the most demanding audiophile and pro-audio enthusiast.

The ES9039Q2M SABRE® DAC improves on previous designs to include:
e TDM & SPI support for more options in connectively
e  Lower power consumption than previous generations which includes the Hyperstream IV DAC modulator
e New hardware mode (HW) programmability alleviates 12C/SPI programming for ease of use.

The versatile audio input port accepts PCM (TDM/LJ/RJ/12S), DSD, DoP, and S/PDIF formats. The integrated SABRE DAC supports up to 32-bit
768kHz PCM & DSD1024 audio data via master/slave interface in synchronous and asynchronous sampling modes.

The integrated digital regulator reduces PCB area and BOM cost.

FEATURE DESCRIPTION

Patented 32-bit HyperStream® |V Architecture

and Dual DAC™Technology 32-bit audio DAC with very high dynamic range & ultra-low distortion

+130dB Dynamic Range (DNR) High performance 32-bit audio DAC with unprecedented dynamic range and ultra-low
-126dB Total Harmonic Distortion (THD) distortion.

-120dB Total Harmonic Distortion + Noise .

(THD+N) Supports synchronous and asynchronous sampling modes

Integrated low noise digital regulator Reduced BOM cost and improved DNR

32-bit processing Distortion free signal processing

Versatile digital audio input port Supports master/slave PCM (TDM, 12S, LJ, RJ), DSD, DoP, S/PDIF formats.
Customizable digital filter characteristics 8 preset filters and a programmable filter for custom sound signature

FIR & IIR filter bypass To allow full customer ability to add custom filters

APPLICATIONS

e  Professional digital audio workstations and mixer consoles

o Digital music players, Portable multimedia players

e  Consumer and Audiophile DAC headphone amplifiers and A/V receivers
o  Bluetooth stereo devices & Networked Audio

e DJ Equipment
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Figure 1 - ES9039Q2M Block Diagram
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32 QFN Pinout
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Figure 2. ES9039Q2M Pinout*
(Top View)

*Note: ES9039Q2M has an exposed pad (pin 33) that should be connected to ground.
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32 QFN Pin Descriptions

Pin Name Pin Type | Reset State Pin Description

1 AVCC_DAC1 Power Power 3.3V DAC analog output stage reference supply for the Channel 1

2 DAC1B AO Ground Differential Negative Output for Channel 1

3 DAC1 AO Ground Differential Positive Output for Channel 1

4 AGND_DAC1 Ground | Ground DAC analog output stage ground for Channel 1

5 AGND_DAC2 Ground | Ground DAC analog output stage ground for Channel 2

6 DAC2B AO Ground Differential Negative Output for Channel 2

7 DAC2 AO Ground Differential Positive Output for Channel 2

8 AVCC_DAC2 Power Power 3.3V DAC analog output stage reference supply for the Channel 2

9 DVDD Power Power Digital Supply, 1.2V (Internally Supplied)

10 | AVDD Power Power 3.3V digital regulator supply

11 | GND Ground | Ground Device Ground

12 | DATA_CLK /0 HiZ Serial Data Clock pin

13 | DATA1 I/0 HiZ Serial DATA1 pin

14 | DATA2 [ HiZ Serial DATA2 pin

15 | SCLK/SCL/HW1 [ HiZ Serial Clock for SCLK (SPI), SCL (12C), also HW1 controlled by MODE pin

16 | MOSI/SDA/HWO I HiZ Serial communication for SPI/I2C & HWO interface pin, controlled by MODE

17 | RT1 I HiZ Reserved. Must be connected to GND for normal operation.

18 | CHIP_EN [ HiZ Active-high Chip Enable

19 | SS/ADDR1/HW2 I HiZ Serial communication for SPI/I2C & HW?2 interface pin, controlled by MODE

pin

20 | MISO/ADDRO/ I HiZ Serial communication for SPI/12C & MUTE_CTRL interface pin, controlled by
MUTE_CTRL MODE pin

21 | GPIO1 /0 Ground Automute Output, General I/O w/extended functions

22 | GPIO2 /0 Ground Lock Status Output, General I/0 w/extended functions

23 | GPIO3 110 HiZ General I/0 wiextended functions

24 | GPIO4 /0 HiZ General I/0 w/extended functions

25 | GPIO5 I/0 HiZ General I/0 wiextended functions

26 | GPIO6 110 HiZ General I/0 w/extended functions

27 | GPIO7 110 HiZ General I/0 w/extended functions

28 | GPIO8 110 Res. to Ground** | Calibration Resistor & General I/O w/extended functions

29 | MODE I HiZ 12C/SPI Control selection or HW mode

30 | GND Ground Ground Device Ground

31 | VCCA Power Power Analog Supply, 3.3V

32 | MCLK I HiZ Oscillator input

33 | External PAD - External pad, connect to GND

* Note: AO = Analog Output, | = Di

gital Input, 1/0 = Digital Input/Ou

tput,

**Note: Res. to Ground = Resistor to ground, see calibration resistor section for more information.
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Feature List

The ES9039Q2M is a SABRE® 2 channel high performance digital to analog converter (DAC) with features and performance including the new
Hyperstream IV modulator that produces a very high-performance device that is well suited for a variety of applications.

In addition to improved performance, the new ES9039Q2M SABRE DAC now supports the TDM audio interface, SPI (or 12C) control interface and
hardware modes for simplifying device configuration.

TDM, 12S including LJ & RJ, DSD & DoP audio interfaces are supported.

Sample rates up to 768kHz (@ 64 FS) with PCM data with 8 selectable digital filters to choose from and a programmable filter for custom sound
signatures. DSD rates up to DSD1024 (512 x 44.1kHz) are also supported.

Configuration Modes
The ES9039Q2M has 4 control programming modes. They are controlled by the state of the MODE (pin 29):

MODE PIN Configuration
0 [2C interface
Pull Low HW control mode (see Hardware Mode Table)
Pull High HW control mode (see Hardware Mode Table)
1 SPl interface

Table 1 - Mode pin configuration options

Software Mode
ES9039Q2M supports 12C or SPI serial communication to configure registers. There are two types of registers, read/write and read-only registers.

I2C
MODE (Pin 29) - GND
° (Pin 2) 12C Address ADDR1 ADDRO0
o  Connect per I12C standard
- SDA (Pin 16) 0x90 GND GND
= SCL (Pin 15) 0x92 GND AVDD
;Ao 0 o e | aw
= ADDR1 (Pin 19) XJ0 -
Table 2 - 12C addresses
SPI

o Mode (Pin 29) - AVDD
o Connect per SPI standard

= MOSI (Pin 16) SPI command First byte
= SCLK (Pin 15) Write 3

= SS(Pin19) Read 1

= MISO (Pin 20) Table 3 - SPI commands
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Hardware Mode

The ES9039Q2M has pre-configured modes that can be set with external pin configuration. These modes configure the DAC for different input serial
data rates and set the DAC muting. All Synchronous hardware modes have Automatic FS (sample rate) detection enabled.

These modes are set with pins:

MODE (Pin 29)

o HWO (Pin 16)

o HW1 (Pin 15)

o HW2 (Pin 19)

e MUTE_CTRL (Pin 20)

Each hardware mode pin has 4 states:

e 0 - Pindirectly connected to GND

e 1-Pindirectly connected to AVDD

e Pull 0 - Pin pulled to GND through 47kQ resistor
e  Pull1-Pin pulled to AVDD through 47kQ resistor

In Hardware mode, most GPIOs have specific functions:

GPIO # | Input/Output HW mode function
GPIO1 Output Automute Status (AND of both channels)
GPI02 Output SRC Lock (Reg 249[2] register for readback)
GPIO3 Output Daisy chain mode data output
GPIO4 Input S/PDIF input in HW mode (HW modes 16-18)
DoP HW enable

e  1'b0: DoP disabled

GPIOS Input o 1'b1: DoP enabled

Note: Requires a PCM (12S/LJ/TDM) HW mode to be selected
FIR filter selection
e 1'b0: minimum phase (register default)

GPI06 Input e  1'b1: Linear phase fast roll-off
Note: See section on Digital filter for more information
GPIO7 Ground Must be connected to Ground in HW mode (Pin 27)
GPIO8 Input CAL_RES input (Calibration Resistor) See calibration section for more information.

Table 4 — GPIO function in Hardware mode
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VERSION 0.1.3

NN | | | |
ES9030Q2M Datasheet D TR\

Design Information

Each hardware mode pin can be configured with either a pull-up or pull-down resistor. Therefore, it is important that the pin is configured to allow for
the desired hardware modes. Some guidelines include the following:

e  The HWO0 and HW1 pins never require a pull up or pull-down resistor.

Pull-up Pull-down
AVDD or GPIO
47kQ
HW2/ HW2/
MODE MODE
47kQ
GND or GPIO

Figure 2 - Hardware mode pin configurations

Muting
MUTE_CTRL (Pin 20) is used to control the muting of the output and enabling of the Automute feature while in Hardware Mode:

HW MUTE Control (Pin 20) Condition
0 Output Muted, No Automute
1 Output Unmuted, No Automute
Pull 0 Output Muted, Automute Enabled
Pull 1 Output Unmuted, Automute Enabled

Table 5 — Mute Control for HW mode configuration
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Hardware Mode Pin Configurations
The following table shows the available hardware modes for the ES9039Q2M. All Synchronous Hardware (HW) modes have Automatic FS detection

enabled with FS & BCK being detected. See Register 3[7] for more details.

FS (kHz) BCK (MHz) MCLK (MHz) BCKI | vopE | Hw2 | HW1 | Hwo
HW Mode Channel
12S Master Mode
0 MCLK / 128 MCLK /2 (MCLE?@FS) < 32 Pulo | 0 o | o
1 MCLK / 256 MCLK / 4 (MCLESZ@FS) < 32 Pullo | 0 0 1
2 MCLK / 512 MCLK /8 (MCL§;511522FS) < 32 Pulo | 0 1 0
3 MCLK / 1024 MCLK / 16 (MCLK=1024'FS) < 32 Pulo | 0 1 1
49.152
LJ Master Mode
4 MCLK / 128 MCLK /2 (MCLE?@FS) < 32 Pulo | Pulo | 0 0
5 MCLK / 256 MCLK / 4 (MCLESZ@FS) < 32 Pulo | Pulo | o 1
6 MCLK / 512 MCLK /8 (MCLESTSZZFS) < 32 Pulo | Pulo | 1 0
7 MCLK / 1024 MCLK / 16 (MCLK:;?E‘; FS) < 32 Pulo | Pulo | 1 1
12S Slave SYNC, MCLK/1, Auto FS detection enabled
8 Auto (8 < FS < 768) 64FS 64 Fi;:\ggm : 32 Palo | Pul1| o | o
12S Slave SYNC, MCLK/2, Auto FS detection enabled
9 Auto (8 < FS < 192) 64FS PR S LS 32 Palo | Pult | o | 1
12S Slave SYNC, MCLK/4, Auto FS detection enabled
10 Auto (8 < FS < 96) B4FS 256 ngﬁ g"ZCLK : 32 PUlO | Pul1 | 1 0
12S Slave SYNC, Auto Clock Gear (128FS), Auto FS detection enabled
1 Auto (8 < FS < 384) 64FS DR = oL 32 Pulo | Pul1 | 1 1
LJ Slave SYNC, MCLK/1, Auto FS detection enabled
12 Auto (8 < FS < 384) 64FS 64°FS < MCLK < 32 Pulo | 1 o | o
49152
LJ Slave SYNC, MCLK/2, Auto FS detection enabled
13 Auto (8 < FS < 192) 64FS 128°FS < MCLK < 32 Pulo | 1 0 1
49.152
LJ Slave SYNC, MCLK/4, Auto FS detection enabled
14 Auto (8 < FS < 96) 64FS 256°FS < MCLK < 32 PUl0 | 1 1 0
49152
LJ Slave SYNC, Auto Clock Gear (128FS), Auto FS detection enabled
15 Auto (8 < FS < 384) 64FS 64°FS < MCLK < 32 Pulo | 1 1 1
49152
SIPDIF, DoP, or I12S Slave ASYNC, Auto Detect Input Format, MCLK/1
ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 « WWW.ESSTECH.COM 12
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16 Auto (8 <FS<384) | 64FS | 130Fs<mcik<so | 32 Piit | o | o | o
S/IPDIF, DoP, or 12S Slave ASYNC, Auto Detect Input Format*, MCLK/2
17 Auto (8 <FS<384) | 64FS | 130Fs<mcLk<50 | 32 Pt | o | o | 1
S/IPDIF, DoP, or I12S Slave ASYNC, Auto Detect Input Format*, MCLK/4
18 Auto (8<FS<192) | 64FS | 130Fs<mcik<so | 32 Pait | o | 1 | o
12S Slave ASYNC, Auto Clock Gear (>130FS), Auto Detect Input Format*

19 Auto (8 <FS<384) | 64FS | 130Fs<mcLk<s0 | 32 Pt | o | 1 | 1
LJ Slave ASYNC, MCLK/1, Auto Detect Input Format*

20 Auto (8 <FS<384) | 64FS | 130Fs<mcLK<50 | 32 Pult | Pulo | o | o
LJ Slave ASYNC, MCLK/2, Auto Detect Input Format*

21 Auto (8<FS<192) | 64FS | 130Fs<MCLK<50 | 32 Pult [Puto | o | 1
LJ Slave ASYNC, MCLK/4, Auto Detect Input Format*

2 Auto (8 <FS<9) | 64FS | 130Fs<mcLk<50 | 32 Pult | Puo | 1 | o

LJ Slave ASYNC, Auto Clock Gear (>130FS), Auto Detect Input Stream*
23 Auto (8 <FS<384) | 64FS | 130Fs<mcik<so | 32 | purt [Puto | 1 |
DSD Slave SYNC, MCLK/1
24 DSD64 - DSD512 2FS bt . Pul1 [ Pul1 | 0 | o
DSD Slave SYNC, Auto Clock Gear (4FS)
25 DSD64 - DSD512 2FS VROE oK - Pul1 | Pul1 | 0 | 1
DSD Slave ASYNC, MCLK/1
26 DSD64 -DSD512 | 2FS | erssmeiksso [~ [ purt [pat | 1 | o
DSD Slave ASYNC, Auto Clock Gear (>6FS)
27 DSD64 - DSD512 | 2FS | eFssmeksso |~ [ Put [Puit | 1 | 4
TDM LJ Slave SYNC, Auto Detect CH num.
28" Auto (8 < FS < 768) Auégé?sf; 122FE'33FS 64FS4§ %‘;LK : 32 PUl1 | 1 0o | o
1024FS) '

20° Auo B<Fs<384) | AU 2(1FzSSF1302§§68§s 12670 <MLL = 32 PUl1 | 1 0o | 1

30+ Auto 8<FS<192) | AU (ﬁ%g'ﬁ’s‘;”m' 200FS < LK< 32 PUl1 | 1 1 0

31 Auto 8<FS<192) | AU (ﬁ%g'ﬁ’s‘;”m' 200FS = K< 32 PUl1 | 1 1 1

Note:

* Mode 28 = Channel Slots 1,2, Mode 29 = Channel slots 3,4, Mode 30 = Channel slots 5,6, Mode 31 = Channel slots 7,8

Table 6 - Hardware mode pin configurations table

* ACG is auto clock gearing is enabled, it will normally gear the clock down to 128*FS, unless 64*FS is required, or 2*DSDCLK in DSD modes.
* To enable DoP in HW mode, GPIO5 pin must be high

13
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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: It is recommended that MUTE_CTRL is set low until the HW mode is finalized and after CHIP_EN is asserted, then asserted last.

CHIP_EN

HWO

HW1

HW2

€—1ms—P
MUTE_CTRL

ouTt

Figure 3 - Hardware mode startup sequence
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Digital Features

See Recommended Operating Conditions for additional information.

Digital Signal Path

SABRE DAC DIGITAL PATH

DSD FIR with

DSD/DoP P VoL
8x interpolation IR Noise Shaped

TDM/I12S . Oversampling Filter THD Filter SRC —p»  Modulators —f——p-
MQA o Comp (NSMOD)
PCM Volume Bypass
= Control & > 2x FIR 4x FIR
Automute T

SPDIF
(ASYNC)

\J

Bypass Bypass

Volume Control

This volume control is intended for use during audio playback. Each channel can be digitally attenuated from 0dB to —127.5dB 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 DAC VOL UP RATE, DAC VOL DOWN
RATE and DAC VOL DOWN RATE FAST registers.

Muting the DAC output can be accomplished by DAC_MUTE_CHx from Register 86.

Channel volumes, by default, are updated as soon as the volume registers are written. However, the volume control can be updated for both
channels together by using VOLUME_HOLD.

Volume Control Registers

e  Register 74: VOLUME CH1

e  Register 75: VOLUME CH2

e  Register 82: DAC VOL UP RATE

e Register 83: DAC VOL DOWN RATE

o Register 84: DAC VOL DOWN RATE FAST
e  Register 89[4]: VOLUME_HOLD

Volume control is available for PCM (12S, LJ, RJ, TDM), DoP (DSD over PCM), and DSD. There is separate control for each channel.
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Automute
In HW mode automute is controlled by the state of the MUTE_CTRL pin (pin 20), the pin must be “pull 0” or “pull 1” to enable automute.

In SW mode automute is enabled by default and can be disabled on each channel individually through Register 123 AUTOMUTE ENABLE.
The thresholds that engage and disengage automute can be configured through the AUTOMUTE LEVEL and AUTOMUTE OFF LEVEL registers.

If automute is enabled, it will be triggered when any one of the following conditions are met:

Mode Detection Condition Time
Data is lower than automute_level for longer than the 2718
PCM automute_time.

Date is at a constant DC level for longer than automute_time. (automute_time » F5)

DSD data contains a DSD mute pattern (equal number of 1’s and
0’s in 8 consecutive bits of data), for longer than automute_time. 2718

DSD data contains all 1's or 0’s in 8 consecutive bits of data, for (automute_time * FS)
longer than automute_time.

DoP/DSD

Table 7 - Automute Configuration
Automute Configuration Registers

e  Register 123: AUTOMUTE ENABLE

e Register 124-125: AUTOMUTE TIME

e Register 126-127: AUTOMUTE LEVEL

e Register 128-129: AUTOMUTE OFF LEVEL

o Register 62[7]: DISABLE_DSD_DC - Disables the DSD automute condition for 8 consecutive bits of 1'b1 or 1'b0.
e Register 62[6]: DISABLE_DSD_MUTE - Disables the DSD automute condition for the DSD Mute pattern.

o Register 62[0]: DISABLE_PCM_DC - Disables the PCM automute condition for a constant DC level.

8x FIR Interpolation Oversampling Filter

Selection of the 8x interpolation filter is chosen from 8 pre-programmed filter shapes (Register 88[2:0] FILTER_SHAPE) or custom sound signatures
can be programmed.

For more information on filters see Digital filters section
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THD Compensation

The ES9039Q2M has built-in THD compensation to help compensate for system second and third harmonics that may be present on the output
signal. The compensation is controlled through 4 individual signed 16-bit coefficients in the THD Compensation Coefficient Registers.

The following equation displays how the second and third harmonics are affected by the C2 and C3 values:
l THD_C2 . @ output =’x +¢2°%% +¢3%°
. * /
—>
® ® THD_C3
I 3 v
— 0

Figure 4 — THD Compensation Block Diagram

input = x

THD Compensation is always enabled but if register values are zero, it will be bypassed. For best results, the chosen compensation coefficients
should be tuned for each system/device in-situ.

THD Compensation Coefficient Registers
o Registers 94-93: THD_C2_CH2, THD Compensation for C2 for Channel 2
e Registers 92-91: THD_C2_CH1, THD Compensation for C2 for Channel 1
o Registers 110-109: THD_C3_CH2, THD Compensation C3 for Channel 2
e Registers 108-107: THD_C3_CH2, THD Compensation C3 for Channel 1

Note: Coefficients are 16-bit signed values

IIR Filter

The IR filter in the ES9039Q2M can be bypassed by using Register 90: DAC PATH CONFIG bit [2] IIR_bypass.
The bandwidth of the filter is controlled Register 89[2:0] IR_BW.

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



55

VERSION 0.1.3

ES9039Q2M Datasheet

GPIO Software Configuration

Each GPIO from 1 to 8 has 14 configurable modes (mode 8 is reserved). The table below shows the available configurations. See GPIO pin
descriptions for Hardware and Software mode setups.

GPIO#_CFG Function Input / Output | GPIO1 | GPIO2 | GPIO3 | GPIO4 | GPIO5 | GPIO6 | GPIO7 | GPIO8
4'd0 Analog Shutdown Output Shutdown
4'd1 Qutput 0 Output Qutput 0
4d2 Output 1 Output Qutput 1
4'd3 Clocks Output CLKEN_1FS | CLK_BCK [ CLK_DAC [ CLKIDAC [ CLKEN_1FS | CLK_BCK [ CLK_DAC | CLK_IDAC
4'd4 Interrupt Output OR of all interrupts
4'd5 Mute Input Mute all channels
4'd6 System Mode Control Input See System mode control section
4'd7 SRC lock status Output src_locked flag
4'd8 - - Reserved
4'd9 PWM1 signal Output PWM1 signal
4d10 PWM2 signal Output PWM2 signal
4d11 PWM3 signal Output PWM3 signal
4d12 Minimum volume' Output vol_min flag
4d13 Automute status' Output dac_automute flag
4d14 Soft ramp done! Output dac_ss_ramp flag
4d15 - - Reserved

Table 8 - GPIO Configuration function

1 Can be bitwise ANDed, ORed, or a specific channel output; based on the values of registers 46-47[6:0]. See corresponding registers.

GPIO Configuration Descriptions

Analog shutdown

Output shutdown

Output 0

Outputs a constant 1'b0.

Output 1

Outputs a constant 1'b1.

Clocks

e  GPIO1: CLKEN_1FS (1*FS pulse clock)
e GPIO2: CLK_BCK

e GPIO3: CLK_DAC (SYS_CLK)

e  GPIO4: CLK_IDAC (128*FS clock)
e GPIO5: CLKEN_1FS
e GPIO6: CLK_BCK
e GPIO7: CLK_DAC
e GPIO8: CLK_IDAC

Interrupt

Bitwise OR of all masked interrupts. See registers 10-21 for interrupt descriptions.
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Mute
Mute all DAC channels.

System mode control
Works with register 46-47[15] GPIO_DAC_MODE.

When any GPIOx_CFG = 4'd6 (system mode control):

e  1'b0: Disable datapath when GPIOx input is 1'b1
e  1b1: Enable datapath when GPIO input is 1'b1

When GPIOx input is 1'b0, system mode is determined by register 0[1] DAC_MODE_REG.

SRC Lock status

SRC (Sample rate converter) lock status output. If the device is in a synchronous mode, output will be 1°b0.

PWM Signals

Outputs 1 of 3 PWM signals. Frequency and duty cycle on the PWM signals can be calculated with the following equations:
SYS_CLK

frequency IHz] = o+ 1

PWM#_COUNT

Duty Cycle [%] = (WREQH

)><100

Each PWM signal can be controlled by the following registers:

o PWM1: register 48 PWM1_COUNT, register 49-50 PWM1_FREQ
o PWM2: register 51 PWM2_COUNT, register 52-53 PWM2_FREQ
o PWM3: register 54 PWM3_COUNT, register 55-56 PWM3_FREQ

Minimum Volume
vol_min flag output. Is high during normal and abnormal mute conditions.

Normal mute conditions: register mute, gpio mute, override mute, and automute.
Abnormal mute conditions: lock of SRC lock, and bck_ws_fail.

Register 46-47[1] GPIO_AND_VOL_MIN sets the GPIO output to be the logical AND of all channel vol_min flags. Overrides GPIO_OR_VOL_MIN.
Register 46-47[4] GPIO_OR_VOL_MIN sets the GPIO output to be the logical OR of all channel vol_min flags.

Register 46-47[6] GPIO_SEL will output the flag of a specific channel if GPIO_OR_VOL_MIN and GPIO_AND_VOL_MIN are both 1'b0.

Automute status

dac_automute flag output. High when automute is active.

Register 46-47[0] GPIO_AND_AUTOMUTE sets the GPIO output to be the logical AND of all channel dac_automute flags.
Overrides GPIO_OR_AUTOMUTE.

Register 46-47[3] GPIO_OR_AUTOMUTE sets the GPIO output to be the logical OR of all channel dac_automute flags.
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Register 46-47[6] GPIO_SEL will output the flag of a specific channel if GPIO_OR_ AUTOMUTE and GPIO_AND_ AUTOMUTE are both 1'b0.

Soft ramp done

dac_ss_ramp flag output. Is high when the ES9039Q2M is not in the process of ramping either up or down.

Register 46-47[2] GPIO_AND_SS_RAMP sets the GPIO output to be the logical AND of all channel dac_ss_ramp flags.
Overrides GPIO_OR_SS_RAMP.

Register 46-47[5] GPIO_OR_SS_RAMP sets the GPIO output to be the logical OR of all channel dac_ss_ramp flags.

Register 46-47[6] GPIO_SEL will output the flag of a specific channel if GPIO_OR_ SS_RAMP and GPIO_AND_SS_RAMP are both 1'b0.

GPIO Pin Descriptions

GPIOx | Hardware Mode Software mode
GPIO1 Automute status. Regular GPIO
GPIO2 | Lock Status Regular GPIO
GPIO3 is connected to the Reg60[5] TDM_DAISY_CHAIN logic. When
TDM_DAISY_CHAIN = 1'b1, GPIO3 can ONLY be used as an output for daisy
chain delayed data line.
GPIO3 | No hardware mode connection If TDM_DAISY_CHAIN = 1'b0, GPIO3 can then be used as a GPIO.
GPIO4 | S/PDIF input pin, requires HW modes 16-18. Regular GPIO.
GPIO5 | DoP input enable, requires HW modes 0-23, 28-31 | Regular GPIO.
FIR filter selection,
1'00: Filter 0, Minimum phase (register default),
1’b1: Filter 2, Linear phase fast roll-off.
GPIO6 | Requires HW modes 0-23, 28-31. Regular GPIO.
GPIO7 | Connect to Ground* Regular GPIO.
GPIO8 | CAL_RES (calibration resistor) CAL_RES, disable to use as regular GPIO.

Table 9 - GPIO Hardware & Software mode pin descriptions

Note*: In Hardware mode GPIO7 needs to be connected to Ground.
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Audio Input Formats

The ES9039Q2M supports multiple serial input data formats. Input format is selected either through Hardware mode or software mode (Register 1:
SYS MODE CONFIG).

The ES9039Q2M can automatically determine the input data format by enabling Register 57[0] AUTO_INPUT_SEL. When using AUTO_INPUT_SEL
data must be provided on the DATAZ pin, to properly decode the input format. The input data format can also be selected using Reg[2:1]
INPUT_SEL.

For Hardware mode see hardware mode for inputs.
This formats include:

e PCM
o Slave and master mode in 16, 24, and 32 bit widths
o 128, Left Justified (LJ) and Right Justified (RJ)
o TDM up to TDM1024 mode with 32 slots including daisy chain mode
o  Sample rates up to 768kHz (64fs mode)
o  Channel Remapping & Invert
e DoP (DSD Over PCM)
o  Slave and master mode
o  Sample rates up to DoP512 (24bit, 1.4112MHz PCM)
o  Channel Remapping & Invert
e Native DSD
o  Slave and master mode
o  Sample rates from DSD64 (2.8224Mbits/sec, 64 x 44.1kHz) to DSD1024
o  Channel Remapping & Invert
e S/PDIF
o  Selectable input pin and payload information
o S/PDIF inputin HW mode (HW modes 16-18) using GPIO4.
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PCM (128, LJ, RJ)

Data is organized as 2 channels per data line. Any channel on any data line can be mapped to any DAC through the TDM_CHx_CONFIG
channel mapping Registers 64-65. Data is latched on the positive edge of BCLK.

PCM Pin Connections (default configuration)

Pin Name Function Description

DATA_CLK 12S BCLK 12S clock (Bit Clock), Master or Slave

DATAT1 128 WS 12S WS (Word Select/Frame Select), Master or Slave
DATA2 12S DATA 12S DATA

Table 10 - PCM pin connections

ws J‘ | |
BCLK ' | 16BCLK §

DATA 51T

L]

10]15]1413 2/1]0]15]14]13
Ms8 L5B MSB LSB

o r -

BCLK | 16BCLK

DATA \0|151413 2/ 1[0]15/14/13 21]015 1413

‘ MSB LSB MSB LS8
I
ws 4 | |
[ ' :
BCLK | 32BCLK W 32BCLK M 32BCLK
‘ f E
DATA 313029 170[3130]29 1]0[3130[29 |
NSB LSB MSB LSB
DATA [2322 21 1ol-1--1--[-]-]- [23122]21 1]o]-1-1-[-]-]-]-]- [23722]21 |
‘MSB LSB MSB LSB
|
ws ¥ | |
I
BCLK | 32BCLK % 32BCLK %mcm
I
DATA [0[3130]29 170[31730[28 110313028 \
1 M3B LS8 M3B LS8
DATA [0[2322]21 1[0 ]-T-]--T-]-]- [322 21 1ol -[-[-[---T- [23]22]21 |
MSB LSB MSB LSB

Figure 5 - LJ & 12S Input for 16bit and 32bit word depths

Note: RJ is supported but only in software mode.
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TDM (Time-division multiplexing)

The ES9039Q2M supports time-division multiplexing (TDM) format, allowing more than 2 channels (or slots) to be transmitted on each data
line, up to a maximum of 32 channels per data line. Typical formats are TDM128 (4chx32bit), TDM256 (8chx32bit), TDM512 (16chx32bit) and
TDM1024 (32chx32bit). In this mode, Registers 64[4:0] & 65[4:0] PCM_CH#_SLOT_SEL can be used to internally map any TDM slot
(channel) to either DAC. Data is latched on the positive edge of BCLK.

TDM Pin Connections (default configuration)

Pin Name Function Description

DATA_CLK TDM BCLK TDM clock, Master or Slave

DATAT1 TDM WS TDM WS (Word Select/Frame Select), Master or Slave
DATA2 TDM DATA TDM DATA

Table 11 - TDM pin connections

WS

pulse subframe 50/50

BCLK "wmm:zacm»‘.._ mcu(—»‘«— 328CLK )-| < 3BOLK >| - 3zacn<—n—|

DATA [ sat | soz | sa3 [ sets | sett |
DATA [ sett [ sei2 | soz | seta | set1 |

Figure 6 — TDM128 mode

WS JL L ....... | ﬂ_‘

pulse subframe 5050

BCLK + 32BCLK ‘|‘32BCLK “‘ 3ZBCLK“‘ 3ZBELK‘|‘328CLK “‘GZBCLK |+ 32BCLK~ | - GZBCLK“‘SZECLK -

DATA | Slot 1 | Slot2 ‘ Slot 3 | smu‘ Slot 5 ‘ Slot 6 | Slot 7 | Slot 8 ‘ Slot 1

Figure 7 — TDM256 mode

ws || |

pulse subframe 50150

BCLK |‘stcu<~

= 32BCLK = “ 328CLK = |‘ 32BCLK = |= 32BCLK = |‘ 328CLK - “ 32BCLK = “ 32BCLK = |« 32BCLK~ ‘- 32BCLK ~ “ 32BCLK =| = 32BCLK = |‘ 32BCLK=|=328CLK = | = 32BCLK *|‘ 32BCLK ~ | <328CLK = ‘ = 32BCLK -

DATA |Slct1 Slot2 | Slot3 Slol4| Slot§ | Slot6 | Slot7 SIolB‘SIolB Slot 10 | Slot 11 SIOHE‘S\OHS Slot 14 | Slot 15 | Slot 16 | Slot 1 | Slot 2

Figure 8 — TDM512 mode

ws|

pulse  subframe 50/50

—

BCLK T327 T3[R R TRT|TRS|TRT R TR R TR TR TR R TR TR TR R TR TR R R TR TRT|TRT R R TR R 2
BCLK | BCLK | BCLK | BCLK | BCLK | BCLK| BCLK | BCLK ' BCLK | BCLK | BCLK | BCLK | BCLK | BCLK | BCLK ' BCLK| BCLK | BCLK ' BCLK | BCLK | BCLK | BCLK| BCLK | BCLK ' BCLK | BCLK|BCLK | BCLK| BCLK | BCLK | BCLK ' BCLK| BCLK ' BCLK | BCLK

Slot

DATA Lt

Slot Slot

8

Slot | Slot
0f 1

Slot
12

Slot
13

Slot
14

Slot
15

Slot
16

Slot
17

Slot
18

Slot
19

Slot
20

Slot
21

Slot
22

Slot
23

Slot
24

Slot
25

Slot
26

Slot
27

Slot
28

Slot
29

Slot
30

Slot
31

Slot

Slot
2

Slot
4

Slot
5

Slot
6

Slot
7

Slot
9

Slot | Slot | Slot
0 1 2

Figure 9 — TDM1024 mode
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Multiple ES9039Q2M devices in parallel in TDM mode
In TDM modes, several ES9039Q2M can be used in parallel to increase the number of channels. Each ES9039Q2M can be configured in HW or SW

mode to output its data to different slots on the TDM DATA line.
Note: In hardware modes, only Left Justified TDM formats are supported. In software mode, the user can configure it to be 12S TDM format.

ES9039Q2M #1

—>OMCLK
TDM Transmitter DATA_CLK
DATAL
TDM DATAT DATA2
MCLK
ES9039Q2M #2
DATA_CLK (BIT CLOCK)c¢ MCLK
DATA1 (FRAME CLOCK)c¢ DATA_CLK
>& DaTAl
DATA2

ES9039Q2M #3

O MCLK

DATA_CLK
DATA1

DATA2

ES9039Q2M #4

L MCLK

L——() DATA_CLK
() DATAL

>0 DATA2

Figure 10 — TDM connection of several ES9039Q2M devices in parallel

Applicable Registers

e Register 60[7] TDM_LJ_MODE set to 1'b1.

e Register 60[6] TDM_VALID_EDGE set to 1'b1.

o  Register 59[4:0] TDM_CH_NUM or using Register 57[7] AUTO_CH_DETECT: Sets the # of TDM slots / frame.
o Register 64[4.0] & Register 65[4:0] PCM_CH#_SLOT_SEL: Sets the TDM slots for each device.
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Daisy Chain multiple ES9039Q2M devices in TDM mode

ES9039Q2M #1

—>QMCLK
TDM Transmitter > DATA_CLK
>0 DATAL
TDM DATA oaTay  DATA OUT(GPIO3)
MCLK
ES9039Q2M #2
DATA CLK (BIT CLOCK)o MCLK DATAZ
DATA1 (FRAME CLOCK)o > DATA_CLK
> DATAL

DATA OUT(GPIO3)

ES9039Q2M #3

0O MCLK
DATA2

DATA_CLK
DATAL

DATA OUT(GPIO3)

ES9039Q2M #4

Lo MCLK
DATAZ2

L >() DATA_CLK
L > DATAL

Figure 11 — TDM connection of several ES9039Q2M devices in daisy chain mode

Applicable Registers (Daisy chain mode is only available in software mode)

Register 60[7] TDM_LJ_MODE set to 1'b1
Register 60[6] TDM_VALID_EDGE set to 1'b1
Register 60[5] TDM_DAISY_CHAIN: Enables Daisy Chain mode
o GPIO3 will output data pass-through on DATAZ line delayed by 1 BCLK
Register 59[4:0] TDM_CH_NUM or using Register 57[7] AUTO_CH_DETECT: Sets the # of TDM slots / frame.
Register 61[4:0] TDM_DATA_LATCH_ADJ: Sets the position of the start bit within each TDM slot.
o Value corresponds to the position of the device in the chain (zero-indexed).
Register 64[4:0] & Register 65[4:0] PCM_CH#_SLOT_SEL: Sets the TDM slots for each device.
o Note: the first chip in the chain is required to be in the final 2 slots.

Note: An application note for Daisy chain mode and TDM in general will be available shortly from ESS FAEs or your local distributor.
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DSD

In DSD mode, there is a single DSD clock line, and each channel of data is an additional DSD data line. There is no internal channel
mapping for DSD input, DSD data input to DATA1 is sent to Ch1, DSD data input to DATAZ2 is sent to Ch2.

DSD Pin Connections (default configuration)

Pin Name Function Description
DATA_CLK DSD Clock DSD clock input
DATA1 DSD CH1 DSD DATA channel 1
DATA2 DSD CH2 DSD DATA channel 2

Table 12 - DSD pin connections

Automute is available for DSD once a constant DC level (8 1's or 8 0’s in a row) is detected. The ES9039Q2M will then automute to the
proper DSD mute pattern.

et innnnnnnuhnnnnunnngnnhnnnhEnnhnnnhuinnnunn iR

psp1 pppp4 LI LTI et e et e e e L e L L L L L L LTI
psp2 o IIT LI It A AP I T I LI T I

1bit

DSDFORMAT

Figure 12 — DSD format, 1bit stream

The ES9039Q2M can accept DS data line for multiple pins. The pins can be chosen using:
o  Register 64[7:5] DSD_CH1_SOURCE, DATA1 (default)
e  Register 65[7:5] DSD_CH2_SOURCE, DATA2 (default)

S/PDIF
S/PDIF input
Pin Name Description
GPIO4 HW modes 16-18 S/PDIF stream input
GPIOx or DATA1/2 Input selection from SPDIF_SEL for software mode

Table 13 - S/PDIF pin connections
S/PDIF is transmitted over a single signal line using dual phase encoded data, which allows for clock extraction from the data signal line.
The ES9039Q2M has an integrated S/PDIF decoder that can be accessed in either Asynchronous Hardware or Software modes.

e  For Hardware mode, the S/PDIF input is on GPIO4 using HW modes 16-18.
o  S/PDIF input stream must be disconnected in order to use other input formats.
e  For Software mode, the applicable registers are:
o Register 89[7:4] SPDIF_SEL
= Selects the S/PDIF input pin
= IfaGPIO s selected, GPIO pins also require the GPIOx_SDB input to be enabled.
o Register 136[4:0] SPDIF_DATA_SEL
= Selects the byte of the S/PDIF payload in register 251[7:0] SPDIF_DATA_READ
o Register 251 SPDIF_DATA_READ
= Readback the payload, 24 bytes total
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For decoding the S/PDIF payload see Channel Status Table below:

SPDIF CHANNEL STATUS - Consumer configuration
Address
Offset [7] [6] [5] [4] [3] 2] (1] (0]
(Bytes)
0 Reserved | Reserved | 0:2Channel Reserved 0: No-Preemph | 0: CopyRight 0: Audio | 0: Consumer
1:4Channel 1: Preemph 1: Non-CopyRight | 1: Data | 1: Professional
1 Category Code
0x00: General
0x01: Laser-Optical
0x02: D/D Converter
0x03: Magnetic
0x04: Digital Broadcast
0x05: Musical Instrument
0x06: Present A/D Converter
0x08: Solid State Memory
0x16: Future A/D Converter
0x19: DVD
0x40: Experimental
2 Channel Number Source Number
0x0: Don't Care 0x0: Don't Care
0x1: A (Left) 0x1:1
0x2: B (Right) 0x2: 2
0x3: C 0x3: 3
0x4:D 0x4: 4
0x5: E 0x5: 5
0x6: F 0x6: 6
0x7: G 0x7: G
0x8: H 0x8: 8
0x9: | 0x9: 9
0xA: J 0xA: 10
0xB: K 0xB: 11
0xC: L 0xC: 12
0xD: M 0xD: 13
OxE: N OxE: 14
0xF: O OxF: 15
3 Reserved | Reserved | Clock Accuracy Sample Frequency
0x0: Level 2 £1000ppm 0x0: 44.1k
0x1: Level 1 +50ppm 0x2: 48k
0x2: Level 3 variable pitch shifted | 0x3: 32k
0x4: 22.05k
0x6: 24k
0x8: 88.2k
0xA: 96k
0xC: 176.4k
OxE: 192k
4 Reserved | Reserved | Reserved Reserved Word Length: Word Field Size
If Word Field Size=0 |If Word Field Size = 1 0: Max 20bits
000=Not indicated |000=Not indicated 1: Max 24bits
100 = 23bits [100 = 19bits
010 = 22bits |010 = 18bits
110 = 21bits [110 = 17bits
001 = 20bits |001 = 16bits
101 = 24bits [101 = 20bits
5-23 Reserved

Table 14 — S/PDIF Channel Status — Consumer Configuration
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SPDIF CHANNEL STATUS - Professional configuration
Address
Offset (7] (6] (5] (4] (3] (2] (1] (0]
(Bytes)
0 sampling frequency: lock: emphasis: 0: Audio 0: Consumer
00: not indicated (or see byte 4) | 0: locked 000: Emphasis not indicated 1: Non-audio 1: Professional
10: 48 kHz 1: unlocked 001: No emphasis
01:44.1 kHz 011: CD-type emphasis
11: 32 kHz 111: J-17 emphasis
1 User bit management: Channel mode:
0000: no indication 0000: not indicated (default to 2 ch)
1000: 192-bit block as channel status 1000: 2 channel
0100: As defined in AES18 0100: 1 channel (monophonic)
1100: user-defined 1100: primary / secondary
0010: As in IEC60958-3 (consumer) 0010: stereo
1010: reserved for user applications
0110: reserved for user applications
1110: SCDSR (see byte 3 for ID)
0001: SCDSR (stereo left)
1001: SCDSR (stereo right)
1111: Multichannel (see byte 3 for ID)
2 alignment level: Source Word Length: Use of aux sample word:
00: not indicated If max = 20bits |If max = 24bits 000: not defined, audio max 20 bits
10: —20dB FS 000=Not indicated |000=Not indicated | 100: used for main audio, max 24 bits
01:-18.06dB FS 100 = 23bits [100 = 19bits 010: used for coord, audio max 20 bits
010 = 22bits |010 = 18bits 110: reserved
110 = 21bits [110 = 17bits
001 = 20bits |001 = 16bits
101 = 24bits [101 = 20bits
3 Channel identification:
if bit 7 = 0 then channel number is 1 plus the numeric value of bits 0-6 (bit reversed).
if bit 7 = 1 then bits 4-6 define a multichannel mode and bits 0-3 (bit reversed) give the channel number within that mode.
4 fs scaling: Sample frequency (fs): Reserved DARS (Digital audio reference signal):
0: no scaling 0000: not indicated 00: not a DARS
1: apply factor of 0001: 24kHz 01: DARS grade 2 (+10ppm)
1/1.001 tovalue | 0010: 96kHz 10: DARS grade 1 (+1ppm)
1001: 22.05kHz 11: Reserved
1010: 88.2kHz
1011: 176.4kHz
0011: 192kHz
1111: User defined
5 Reserved
6-9 alphanumerical channel origin: four-character label using 7-bit ASCII with no parity. Bits 55, 63, 71, 79 = 0.
10-13 alphanumerical channel destination: four-character label using 7-bit ASCII with no parity. Bits 87, 95, 103, 111 =0.
14-17 | local sample address code: 32-bit binary number representing the sample count of the first sample of the channel status block.
18-21 | time of day code: 32-bit binary number representing time of source encoding in samples since midnight
22 reliability flags
0: data in byte range is reliable
1: data in byte range is unreliable
23 CRCC
00000000: not implemented
X: error check code for bits 0-183

Table 15 — S/PDIF Channel Status — Professional Configuration

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

28



VERSION 0.1.3

NN | | | |
ES9030Q2M Datasheet D TR\

Digital Filters

The ES9039Q2M has 8 pre-programmed digital filters and a programmable filter to allow for custom filter responses. The latency for each filter
reduces (scales) with increasing sample rates. (See Register 88[2:0] FILTER_SHAPE for configuration).

The pre-programmed filters are:

e  Minimum phase (default)

e Linear phase apodizing fast roll-off

e Linear phase fast roll-off

e Linear phase slow roll-off low-ripple

e Linear phase slow roll-off

e Minimum phase fast roll-off

e Minimum phase slow roll-off

e Minimum phase slow roll-off low dispersion

# | Filter Description

1 | Minimum phase (default) Version 2 of minimum phase fast roll-off (#6) with less ripple and more image rejection

2 | Linear phase apodizing fast roll-off Full image rejection by fs/2 to avoid any aliasing, with smooth roll-off starting before 20k.

3 | Linear phase fast roll-off Sabre legacy filter, optimized for image rejection @ 0.55 fs

4 | Linear phase fast roll-off 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 Low latency, minimal pre ringing and low passband ripple, image rejection @ 0.55fs

7 | Minimum phase slow roll-off Lowest latency at the cost of image rejection
- Provides a nice balance of the low latency of minimum phase filters and the low dispersion

Minimum phase fast roll-off low . , " L . . L

8 |4 : of linear phase filters. Minimal pre-ringing is added to achieve the low dispersion in the

ISpersion audio band.

Table 16 — FIR digital filter properties
Note on Minimum phase filters:
Minimum phase filters are asymmetric filters that work to minimize the pre-echo of the filter, while still maintaining an excellent frequency response

and they peak earlier that linear phase filters, resulting in a lower group delay. Minimum phase filters usually feature zero cycles of pre-echo, which
can result in improved audio quality.
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Customizable programmable FIR filters

The ES9039Q2M has an 8x interpolation oversampling FIR filter in the ES9039Q2M data path that is programmable. It is a combination of 2 filters, a
4x FIR filter and a 2x FIR filter.

These filters can be bypassed using Register 90[1] BYPASS_FIR4X & 90[0] BYPASS_FIR2X, which will source data to the IIR filter. It is
recommended to use an 8xFS input if the bypass is used. For example, an external signal at 44.1kHz can be oversampled externally to 8 x 44.1kHz
= 352.8kHz and then applied to the serial decoder in either I12S, LJ or RJ format.

The addresses for the two filters are:

o 2XFIR, Address 0x00 — 0x7F(0 — 127), 128 coefficients
e 4XFIR, Address 0x80 — 0x9F(128 - 159), 32 coefficients

To program the filters, the following registers are required:

Register 135: PROGRAM RAM CONTROL
o [1]PROG_COEFF_WE
= Enables writing to the programmable coefficient RAM
o [0] PROG_COEFF_EN
= Use the built-in filters or custom filter
Register 137: PROGRAM RAM ADDRESS
o [7]PROG_COEFF_STAGE
=  Choose which FIR stage to write to, either 4x or 2x
o [6:0) PROG_COEFF_ADDR
= Selects the coefficient address when writing custom coefficients for the interpolation oversampling filter.
Register 140-138: PROGRAM RAM DATA
o  24-bit signed filter coefficient to the address defined by PROG_COEFF_ADDR
Register 248-246: PROG COEFF OUT READ
o Used to readback the programmed coefficients

An example sequence of programming a coefficient into RAM:

Write Reg 1370 /I RAM Address = 0, 2x stage

Write Reg 138 32 Il Set data bits [7:0] of 24 bit coefficient
Write Reg 139 255 Il Set data bits [15:8]

Write Reg 140 255 Il Set data bits [23:16]

Write Reg 135 0x02 Il Write 24 bit coefficient to RAM

Write Reg 135 0x00 Il Reset write enable

Repeat for all 4x and 2x coefficient addresses.

An application note the programming sequence and sample code will be available shortly from your ESS distributor or field application engineer
(FAE).
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PCM Filter Properties (44.1kHz Sampling)

Minimum phase

Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 049 xfs Hz
Stop band -96dB 0.55x fs Hz
Group Delay 3.30/fs 9.38/fs s
Flatness (ripple) 0.0004 dB
Linear phase apodizing fast roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.44 x fs Hz
Stop band -107dB 0.50xfs Hz
Group Delay 33.18/fs S
Flatness (ripple) 0.0017 dB
Linear phase fast roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.49xfs Hz
Stop band -115dB 0.55xfs Hz
Group Delay 33.80/fs S
Flatness (ripple) 0.0023 dB
Linear phase fast roll-off low ripple
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.49xfs Hz
Stop band -97dB 0.55x fs Hz
Group Delay 31.62/fs S
Flatness (ripple) 0.0003 dB
Linear phase slow roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.44 xfs Hz
Stop band -90dB 0.75x fs Hz
Group Delay 6.25/fs S
Flatness (ripple) 0.0020 dB
Minimum phase fast roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 0.49xfs Hz
Stop band -99dB 0.55x fs Hz
Group Delay 3.30/fs 9.51/fs S
Flatness (ripple) 0.0016 dB
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Minimum phase slow roll-off
Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 043 xfs Hz
Stop band -91dB 0.80xfs Hz
Group Delay 2.47[fs 2.97/fs S
Flatness (ripple) 0.0035 dB

Minimum phase slow roll-off low dispersion

Parameter Conditions MIN TYP MAX UNIT
Pass band -3dB 043 xfs Hz
Stop band -90dB 0.80xfs Hz
Group Delay 9.6/fs 9.8/fs s
Flatness (ripple) 0.0072 dB

Table 17 — PCM Filter Properties

PCM Filter Latency

The following table shows the simulated latency of each filter at 44.1kHz sampling rate. Measurements were taken from the external impulse
response. The extra sample delay for encoding the data accounts for external processing time to serialize the data stream. Latency delay will reduce
(scale) with sampling rate.

Digital Filter ?:':i‘g(‘:i)f
Minimum phase (default) 174us
Linear phase apodizing fast roll-off 840us
Linear phase fast roll-off 854us
Linear phase fast roll-off low ripple 808us
Linear phase slow roll-off 229us
Minimum phase fast roll-off 174us
Minimum phase slow roll-off 152us
Minimum phase slow roll-off low dispersion 310us

Table 18 - Latency of Pre-Programmed Digital Filters
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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
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Linear phase fast roll-off

Amplitude [dB]
do
(=]

-100

-120

-140

-160

-180

Frequency Response at Fs = 44.1 kHz
L L | T L |

0.01

Amplitude [dB]
o

-0.01

Frequency Response at Fs =44.1 kHz

0.005 -

-0.005

] ’ ’
/\f\/w.wﬁ;‘fu‘w

|

102 10° 10* 10°
Frequency [Hz]

10° 104

Frequency [Hz]

Linear phase fast roll-off low
ripple

Amplitude [dB]

-100

-120

140

-160

-180

Frequency Response at Fs =44.1 kHz
T T T T AL |

0.01

Frequency Response at Fs =44.1 kHz

0.005 -

Amplitude [dB]
o

-0.005

Al

e

-0.01

10? 10° 10* 10°
Frequency [Hz]

10° 104
Frequency [Hz]

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

34



VERSION 0.1.3

ES9039Q2M Datasheet ':".‘ EE;

Frequency Response at Fs =44.1 kHz
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Frequency Response at Fs =44.1 kHz
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Table 19 — PCM Filter Frequency Response
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PCM Filter Impulse Response
The following impulse responses were obtained from software simulations of these filters. Measurements were taken from the external impulse
response. The extra sample delay for encoding the data accounts for external processing time to serialize the data stream.

Simulation sample rate is 44.1kHz.

Filter Impulse Response

Impulse Response at Fs = 44.1 kHz
T T

Minimum phase

Amplitude

05
15 30 45 60 75
Samples of Fs

Impulse Response at Fs = 44.1 kHz

1 T T
III|
1
0.5 [ i
2 N
Linear phase apodizing fast 2 |
roll-off : e
o -.\_/-\\_/‘V-"'-U-'n\“l / II | || | AT SN e -
\ |II ||I
v v
—DS 1 1 1 1
0 15 30 45 60 75

Samples of Fs

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



55

VERSION 0.1.3

ES9039Q2M Datasheet

Impulse Response at Fs = 44.1 kHz
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Impulse Response at Fs = 44.1 kHz
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Table 20 - PCM Filter Impulse Response
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Analog Features
Calibration Resistor

The ES9039Q2M features an integrated resistor that is used for calibration of DAC voltage supplies AVCC_DAC1 and AVCC_DAC2. This calibration
is required to maintain output level from device to device with the process varying DAC output impedance. This calibration resistor is accessible
through GPIO8, it is enabled by default. The ~47.5kQ calibration resistor can be disabled with Register 34[6], CAL_RES_ENB, removing the
pulldown from interacting with the GPIO8 functionality.

To calibrate the AVCC_DAC1 and AVCC_DAC2 voltage supplies, a circuit is required to generate the voltage supply based on the resistor value.
This can be done by generating a constant current and using that current through the internal calibration resistor to generate the reference voltage.
This voltage is then buffered for the AVCC_DACx supply.

By default, the switch is closed (CAL_RES_ENB = 1°'b0) , Register 42[7] = 1°b0 (input disabled), and Register 41[7] GPIO8_OE = 1'b0 (tristated).

AVDD

OE
© | E ZSI ESD

IE.‘—@II

GPIO8

CALIBRATION
ESD RESISTOR

N,
CAL_RES_ENB
GND

GND

R
PU/PD O———A—

Figure 13 — GPIO8 Digital I/0 with Calibration Resistor
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Absolute Maximum Ratings

PARAMETER RATING

Positive Supply Voltage
e AVCC_DAC1 e +3.7V with respect to Ground
e AVCC_DAC2 e +3.7V with respect to Ground
e AVDD e +3.7V with respect to Ground
e VCCA e +3.7V with respect to Ground
e DVDD o +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

ESD Protection

Human Body Model (HBM) 2kV

Charge Device Model (CDM) 500V

Table 21 - 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.

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

I/0 Electrical Characteristics

PARAMETER SYMBOL MINIMUM MAXIMUM UNIT
High-level input voltage VIH (AVDD/2)+0.4 v
Low-level input voltage VIL 0.4 \Y
High-level output voltage VOH AVDD - 0.2 \Y
Low-level output voltage VOL 0.2 \Y

Table 22 - 1/O Electrical Characteristics
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Recommended Operating Conditions

There are the recommended operating conditions for the ES9039Q2M

PARAMETER SYMBOL CONDITIONS
Operating temperature Ta -20°C to +85°C
AVCC_DAC1 3.3V
AVCC_DAC2 3.3V
AVDD 3.3V
VCCA 3.3V
DvDD Internal 1.2V

Table 23 - Recommended Operating Conditions

Note: Supplied power is required to be within +/- 5% of the recommended condition.
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Power Consumption
Power numbers are given when the device is in slave mode.

Test Conditions 1 (unless otherwise noted)
Ta=25°C, AVCC_R = AVCC_L = VCCA = AVDD = +3.3V, DVDD= +1.2V, fs = 48kHz, DAC enabled, 1kHz sine full scale

Parameter [ Min | Typ | Max | Unit
Hardware Mode: 11 (Slave mode with ACG (128*FS), MCLK = 49.152MHz)
AVCC_DAC1 59 mA
AVCC_DAC2 59 mA
VCCA 04 mA
AVDD 4.0 mA
Power Consumption 54 mW

Hardware Mode: 2 (Master mode with MCLK = 24.576MHz, FS=MCLK/512)

AVCC_DAC1 6.8 mA
AVCC_DAC2 6.8 mA
VCCA 0.5 mA
AVDD 9.4 mA
Power Consumption 78 mW

Hardware Mode: 1 (Master mode with MCLK = 12.288MHz, FS=MCLK/256)

AVCC_DAC1 6.2 mA
AVCC_DAC2 6.2 mA
VCCA 0.22 mA
AVDD 6.9 mA
Power Consumption 64 mwW

Table 24 — Power Consumption with test conditions 1
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Test Conditions 2 (unless otherwise noted)
Ta=25°C, AVCC_R = AVCC_L = VCCA = AVDD = +3.3V, DVDD= +1.2V, fs = 48kHz, DAC enabled, streaming zeros, automute enabled

Parameter | Min | Typ | Max [ unit

Hardware Mode: 11 (Slave mode with ACG (128*FS), MCLK = 49.152MHz)

AVCC_DAC1 0.8 mA
AVCC_DAC2 0.8 mA
VCCA 0.4 mA
AVDD 24 mA
Power Consumption 15 mW

Hardware Mode: 2 (MCLK = 24.576MHz)

AVCC_DAC1 1.5 mA
AVCC_DAC2 1.5 mA
VCCA 0.44 mA
AVDD 6.9 mA
Power Consumption 34 mwW

Hardware Mode: 1 (MCLK = 12.288MHz)

AVCC_DAC1 1.0 mA
AVCC_DAC2 1.0 mA
VCCA 0.2 mA
AVDD 5.0 mA
Power Consumption 24 mW

Table 25 — Power Consumption with test conditions 2
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Performance

Test Conditions 1 (unless otherwise noted)
Ta=25°C, AVCC_DAC1 = AVCC_DAC2 = VCCA = AVDD = +3.3V, DVDD= +1.2V, fs = 48kHz, HW mode (12S Master Mode)

Note: Performance numbers were measured using the ESS ES9039Q2M evaluation board v1.0, 10Vrms = 0dBFS input.

Parameter Min Typ Max Unit
Resolution 32 Bit
Max MCLK frequency 50 MHz
THD+N Ratio / THD Ratio
@ fs=48kHz 0dBFS, BW=20Hz-20kHz -120/-126 dB
(differential)
THD+N Ratio / THD Ratio
@ fs=96kHz 0dBFS, BW=20Hz-40kHz -117/-126 dB
(differential)
THD+N Ratio / THD Ratio
@ fs=192kHz 0dBFS, BW=20Hz-80kHz -114/-126 dB
(differential)
THD+N Ratio / THD Ratio
@ fs=384kHz 0dBFS, BW=20Hz-160kHz -108/-126 dB
(differential)
DNR (A-weighted) 130 4B
(2 Channel mode — Single Channel diff)
. -60dBFS
DNR (A-weighted) 133 4B
(Mono mode — 2 channel sum diff)
Voltage output amplitude Full-scale out 0.886*AVCC_DACx Vpp
Voltage output offset Bipolar zero out AVCC/2 V
Current output amplitude Full-scale out 1000 x 0.886*AVCC_DAC / Rpac mApp
Current output offsets Bipolar zero out 1000 x (AVCC/2 - Vg) / Roac mA

Output impedance

0
(Per + or — pin of each DAC output) Roac 390 +15% Q

Table 26 — Performance Data
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Timing Requirements

I2C Slave Interface Timing

S| VD S N 1 ) 4 I
1= e ow ] =t tsu.pAT T[T o i IHD-;TA 1= =T tguF T -
‘ V_\ TR iy ‘
(AN e
D i T susto= =
Start Start Stop Start
Figure 14 — 12C Slave Control Interface Timing
Parameter Symbol CLK Standard-Mode Fast-Mode Unit
Constraint MIN MAX MIN MAX
SCL Clock Frequency fscL < CLK/20 0 100 0 400 kHz
START condition hold time tHD;sTA 4.0 - 0.6 - us
LOW period of SCL tLow >10/CLK 4.7 - 1.3 - us
HIGH period of SCL (>10/CLK) thicH >10/CLK 4.0 - 0.6 - us
START condition setup time (repeat) tsu;sTA 47 - 0.6 - us
SDA hold time from SCL falling 0 .
- Allexcept NACK read ' - - us
- NACK r:ad only oo 2CLK 2CLK s
SDA setup time from SCL rising tsu;pat 250 - 100 - ns
Rise time of SDA and SCL tr - 1000 300 ns
Fall time of SDA and SCL i - 300 300 ns
STOP condition setup time tsu;sto 4 - 0.6 - us
Bus free time between transmissions teur 4.7 - 1.3 - us
Capacitive load for each bus line Co - 400 - 400 pF

Table 27 - 12C slave interface timing definitions

address ' register : data :
(0x41) (OxEA) (0x63)

SCL ~ LLMAULLLLUUL U LLL UL—

SDA~ LI | | i
address ' register ' data
(0x90) (0) (0x02)

Figure 15 - I12C single byte examples of read and write instructions with 12C

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



VERSION 0.1.3

.:-_QE.E, ES9039Q2M Datasheet

SPI Slave Interface

The 4-wire SPI data format is: Command (1 byte) + Address (1 byte) + Data

sS —| 3 |  —
SCLK _J'IJ'IJ'IJ'IJ'IJ'IIUUU'U'U'U'U'LFLFU'I_FLFLFLFLFLFLH_
MISO ; 5 ;
MOSI ] | ML
: write : register data
(0x03) : ) . (0x02)

Figure 16 — SPI single byte write

58 i i —
SCLK W
MISO ; M 11
MOSI | n

| read | register data
(0x01) : (O%E1) (0x63)

Figure 17 — SPI single byte read

sS _| i : ‘ in
SCLK muwmm_
MISO ; |—|_|—|_|—|_|—m__
MOS| __ﬁ— g g g
! read } register byte 1 . byte2
(0x01) \ (0xF0) i (register 0xFO) | (register OxF1)

Figure 18 — SPI multi-byte read
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Audio Interface Timing

Audio data on DATA1-2 are sampled at the rising edges of DATA_CLK and must satisfy the setup and hold time requirements relative to the rising
edge of DATA_CLK.
tocy

DATA CLK —//

tDCH tDCL

tDH tDS

DATA[2:1]  valid ‘(Invalid )tValid

Figure 19 — Audio interface timing

Parameter Symbol Min Max Unit
DATA_CLK pulse width high toch 9.0 ns
DATA_CLK pulse width low toct 9.0 ns
DATA_CLK cycle time tocy 20 ns
DATA_CLK duty cycle 45:55 55:45

DATAX set-up time to DATA_CLK rising edge tos 4.1 ns
DATAX hold time to DATA_CLK rising edge toH 2.0 ns

Table 9 - Audio interface timing definitions
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Register Overview
The ES9039Q2M contains read/write and read-only registers. A system clock must be present to access 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.

Read/Write Register Addresses
Registers 0-142 (0x00 - Ox8E) are read/write registers

Read-only Register Addresses
Registers 224 — 251 (0xEQ — 0xFB) are read only registers.

Multi-Byte Registers

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

Addr | Addr -
(Hex) (Dec) Register 7 6 5 4 I 3 ‘ 2 1 0
ENABLE_
000 | 0 SYSTEM CONFIG SOFT_RESET sng i RESERVED DAC_MODE RESERVED
ENABLE_ - ENABLE_SPDIF_ | ENABLE_DOP_ | ENABLEDSD. | ENABLE_TDM.
o0t | 1 SYS MODE CONFIG DA 6Lk SYNC_MODE RESERVED I ont ‘ s N on e
w02 | 2 RESERVED RESERVED
AUTO_FS_ SELECT_
003 | 3 DAC CLOCK CONFIG DEoes IDAGMALF SELECT_IDAC_NUM
04| 4 CLOCK CONFIG VASTER BCK_DV
AUTo AUTO_FS_
005 | 5 CLK GEAR SELECT RESERVED SEL_CLK_GEAR RESERVED - RESERVED | DETECT BLOCK
CLK_GEAR A
006 | 6- K
st I RESERVED RESERVED
T NTERUPT MASKP BCKWS_FAL_ | DOP.VALD. | SSFULL.RAMP | SS_FULL_RAMP ‘;ﬂg"’ggf— /?:ﬂgMg,I f— VOL_MIN_ VOL_MIN_
X NASKP MASKP CH2MASKP | _CH1_MASKP _CHZ_ CHI_ CH2_MASKP CH1_MASKP
MASKP MASKP
TDM_VALID_
0x0B | 11 INTERUPT MASKP RESERVED INPUT_SELECT_OVERRIDE_MASKP | ML\, RESERVED
ox0C- | 12-
el I RESERVED RESERVED
ook | 15 NTERUPT MASKN BCKWS_FAL_ | DOPVALD. | SS_FULL.RAMP | SS_FULL_RAMP ’,‘:ﬂgMg'_leEf ’;ﬂg"’g 1Ef VOL_MIN_ VOL_MIN_
X MASKN MASKN CH2MASKN | _CH1_MASKN _CH2_ -CH1_ CH2_MASKN CH1_MASKN
MASKN MASKN
TDM_VALID_
ox10 | 16 INTERUPT MASKN RESERVED INPUT_SELECT_OVERRIDE_MASKN | i\ RESERVED
oxi1- | 17-
IS RESERVED RESERVED
s | 2 INTERRUPT CLEAR BCKWS_FAL_ | DOPVALD. | SS_FULL.RAMP | SS_FULL_RAMP ’;ﬂg’%ff ‘}ﬂg”éﬂ 1Ef VOL_MIN_ VOL_MIN_
X CLEAR CLEAR _CH2_CLEAR _CH1_CLEAR _CH2_ _CH1_ CH2_CLEAR CH1_CLEAR
CLEAR CLEAR
TDM_VALID_
oxt5 | 21 INTERRUPT CLEAR RESERVED INPUT_SELECT OVERRIDE_CLEAR | AL (e RESERVED
oxi6- | 22-
ez RESERVED RESERVED
oxiD_| 29 DPLLBW DPLL BW | RESERVED
OxIE- | 30-
E R RESERVED RESERVED
22 | 4 DATA PATH CONFIG CHANSHOP- | caL Res ENB RESERVED
B CH2_PCN_ CHI_PCM_
023 | 35 PCM 4X GAIN RESERVED o o AN
24| 36 RESERVED RESERVED
25| 37 GPIO1/2 CONFIG GPIO2_CFG GPIOT_CFG
026 | 38 GPIO3/4 CONFIG GPIO4_CFG GPI03_CFG
27| 39 GPIO5/6 CONFIG GPIOG_CFG GPIO5_CFG
28| 40 GPI07/8 CONFIG GPIO8_CFG GPIO7_CFG
29 | 4 GPIO OUTPUT ENABLE GPIOB_OF GPIO7_OE GPIO6_OF GPIO5_OF GPIO4_OE GPIO3_OF GPIO2_OF GPIOT_OF
A | 42 GPIOINPUT GPIO8_SDB GPIO7_SDB GPIO6_SDB GPIO5_SDB GPIO4_SDB GPIO3_SDB GPIO2_SDB GPIOT_SDB
2B | 43 GPIOWKEN GPIOB_WK_EN_|_GPIO7 WK EN__|_GPIO6_WK_EN | _GPIO5 WK EN | _GPIOZ WK EN | _GPIO3 WK EN | _GPIO2 WK EN | _GPIOT WK_EN
0x2C_ | 44 INVERT GPIO INVERT GPIO8 | INVERT GPIO7 | INVERT GPIO6_| INVERT GPIO5_| INVERT GPIO4 | INVERT GPIO3 | INVERT GPIO2 | INVERT GPIO1
02D | 45 GPIO READ GPIOB_READ GPIO7_READ GPIO6_READ GPIO5_READ GPIO4_READ GPIO3_READ GPIO2_READ GPIO1_READ
GPIO_OR_ GPIO_OR_ GPIO_OR_ GPIO_AND._ GPIO_AND_ GPIO_AND_
02E ] 46 GPIO OUTPUTLOGIC RESERVED GPIO_SEL SS_RAMP VOL_MIN AUTOMUTE SS_RAMP VOL_MIN AUTOMUTE
0xF | 47 GPIO OUTPUT LOGIC O o RESERVED
30| 48 PWMT COUNT PWMT_COUNT
31| 49 PWMT_FREQ
32| 50 PWWI1 FREQUENCY PWM1_FREQ
0x33__| 51 PWM2 COUNT PWM2_COUNT
34| 52 PWM2_FREQ
0x35__| 53 PWWM2 FREQUENCY PWM2_FREQ
036 | 54 PWM3 COUNT PWM3_COUNT
037 | 55 PWM3_FREQ
038 | 56 PWWMS3 FREQUENCY PWM3_FREQ
AUTO ENABLE_ DSD_MASTER_ | PCM_MASTER AUTO
030 | 57 INPUT SELECTION o DEaECT DSD_FAULT_ WISTER- LMASTER- RESERVED INPUT_SEL NPUT GEL
DETECTION
VASTER_WS_ VASTER_ VASTER_
0x3A | 58 MASTER ENCODER CONFIG TDM_RESYNC BCK_INV RESERVED MASTER_FRAME_LENGTH bULSE 0D e NVERT 8Ok INVRRT
03B | 59 TOM CONFIG RESERVED TDM_CH_NUM
TDM_VALID_
0ac | 60 TOM CONFIGT TDM_LJ_MODE s ‘ RESERVED
30| 61 TOM CONFIG2 RESERVED TDM_BIT_WIDTH TDM_DATA_LATCH_ADJ
DISABLE_ DISABLE_ ENABLEWS_ | ENABLE_BCK_ DISABLE_
03E | 62 BCK/WS MONITOR CONFIG Db DG 08D, MUTE ‘ MONTOR NN bont b6 RESERVED
03F | 63 RESERVED RESERVED
00| 64 CH1SLOT CONFIG DSD_CHT_SOURCE I PCM_CH1_SLOT_SEL
o4l | 65 CH2 SLOT CONFIG DSD_CH2_SOURCE | PCM_CH2_SLOT SEL
0xd2- | 66-
az- | & RESERVED RESERVED
oA | T4 VOLUE CH1 VOLUME_CHI
0B | 75 VOLUME CH2 VOLUME_CH2
0xdC- | 76-
de- | 18 RESERVED RESERVED
52| 82 DAC VOL UP RATE DAC_VOL RATE_UP
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w3 [ 8 DAC VOL DOWN RATE DAC_VOL_RATE_DOWN
0G4 | 84 DAC VOL DOWN RATE FAST DAC_VOL RATE_FAST
055 | 8 RESERVED RESERVED
0x56 | 86 DAC MUTE RESERVED DAC_MUTE_CH2_|_DAC_MUTE_CHI
o5 | &7 DAC INVERT RESERVED DAC_IWERT. | DAC_IVERT
058 | 88 FILTER SHAPE RESERVED FILTER_SHAPE
050 | 89 IIR BANDWIDTH & SIPDIF SEL SPDIF_SEL [ VOLUME_HOLD IR_BW
0GA | 90 DAC PATH CONFIG RESERVED BYPASS IR | BYPASS FIRAX | BYPASS FIRX
0B | o THD_C2_CHI
osC | 92 THD_C2_CH!1
oG | 93 THD C2 THD_C2_CH2
0GE | o4 THD_C2 CH2
Ox5F- | 95-
SR | 35| ReserveD RESERVED
68| 107 THD_C3_CH!
0x6C_ | 108 THD_C3_CH!1
e [ 100 | MPCs THD_C3 CHz
06E__| 110 THD_C3_CH2
0x6F- | 111-
OE- | A1+ | ReseRveD RESERVED
AUTOMUTE_ AUTOMUTE_
0x7B | 123 | AUTOMUTE ENABLE RESERVED o o gl
xic_| 124 AUTOMUTE_TIVE
AUTOMUTE TIME MUTE_RAMP_
o | 125 RESERVED T GROND AUTOMUTE_TIME
IE_ | 126 AUTOMUTE _LEVEL
oqF [ 27| AUTOMUTELEVEL AUTOMUTE LEVEL
0x80__| 128 AUTOMUTE_OFF_LEVEL
081 | 120 | AUTOMUTEOFFLEVEL AUTOMUTE_OFF_LEVEL
0x82__| 130 | SOFT RAMP CONFIG RESERVED | SOFT_RAMP_TIME
0x83- | 131-
s | 1| Reserven RESERVED
PROG_ PROG._
087 | 135 | PROGRAMRAM CONTROL RESERVED conETE O BN
0x88 | 136 | SIPDIF READ CONTROL RESERVED | SPDIF_DATA_SEL
PROG_COEFF_
08 | 137 | PROGRAM RAMADDRESS oAoE PROG_COEFF_ADDR
0eA | 138 PROG_COEFF_IN
0x88__| 139 | PROGRAM RAM DATA PROG_COEFF_IN
0x8C__| 140 PROG_COEFF_IN
0x8D- | 141-
gD~ | M1+ | ReseRvED RESERVED
O0xE0 | 224 | RESERVED RESERVED
OxE1__| 225 | CHIPIDREAD CHIP_D
OxE2- | 226-
SKE2- | 26 | RESERVED RESERVED
O0xE5 | 229 INTERRUPT STATES BCK WS_FAL_ | DOP_VALID_ SS_FULL_RAMP_STATE AUTOMUTE_STATE VOL_MIN_STATE
STATE STATE
OXES | 230 INTERRUPT STATES RESERVED INPUT_SELECT_OVERRIDE_STATE TDM_DATA_ RESERVED
VALID_STATE
OET- | 231-
SET- | 210 | ReserveD RESERVED
BCKWS_FAL_ | DOP_VALID.
OXEA | 234 | INTERRUPT SOURCES e ‘ Py SS_FULL_RAMP_SOURCE AUTOMUTE_SOURCE I VOL_MIN_SOURCE
TOM_DATA.
O0XEB | 235 | INTERRUPT SOURCES RESERVED INPUT_SELECT_OVERRIDE_SOURCE | \ "0t RGE ‘ RESERVED
0XEC | 236-
Oee. | B+ | Reserven RESERVED
OxEF__| 239 | RATIOVALID READ RATIO_VALID RESERVED
0xF0__| 240 | GPIOREAD GPIOS_|_ READ | _GPIO7 | READ | GPIO6 | READ | GPIO5 | READ | GPIO4 | READ | GPIO3 | READ | GPIO2 | READ | GPIOT | READ
0xF1__| 241 | VOL MINRREAD RESERVED VOL_MIN_CH2 | VOL_MIN_CH1
O0xF2 | 242 | AUTOMUTE READ RESERVED AUTgMgTEf AUT(C’mJTE
SS_RAMP_ SS_RAMP_
O0xF3 | 243 | SOFTRAMP UPREAD RESERVED U o %P o
SS_RAVP_ SS_RAMP_
O0xF4 | 244 | SOFTRAMP DOWN READ RESERVED o Do o
O0xF5 | 245 INPUT STREAM READBACK RESERVED SPDIF_VALID TD’i"/;\[L’lADTAf DOP_VALID INPUT_SELECT_OVERRIDE
06| 246 PROG_COEFF_OUT
O0xF7_| 247 | PROG COEFF OUT READ PROG_COEFF_OUT
0xF8_ | 248 PROG_COEFF_OUT
0xF9- | 249-
Sxesr | Ze- | ReserveD RESERVED
0xFB__| 251 | SIPDIF DATAREAD SPDIF_DATA READ
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Register Listings

Some reserved registers values might be asserted in default mode. This is normal and does not need to be changed.

System Registers

Register 0: SYSTEM CONFIG

Bits [7] [6] [5:2] [1] [0]
Default 1'b0 1'b0 4'd0 1'b0 1'b0
Bits Mnemonic Description
[71 SOFT_RESET Performs soft reset to digital core.
e  1'b0: Normal operation
o 1'b1: Reset digital core (all settings are set to default)
[6] ENABLE_64FS_MODE Enables 64FS mode to run the DAC interpolation path at 64FS.
e 1'b0: 64FS mode disabled (default)
e 1'b1: 64FS mode enabled
Note: This mode is used only for PCM high sample rates such as 768kHz
with a 49.152MHz or 384kHz with 24.576MHz clock
[5:2] RESERVED NA
1] DAC_MODE Enables the analog section of the DAC.
o 1'v0: DAC disabled (default)
e 1'b1: DAC enabled
[0] RESERVED NA
Register 1: SYS MODE CONFIG
Bits 7] [6] [5:4] [3] 2] [1] [0]
Default 1'b1 1'b0 2'b11 1'b0 1'b0 1'b0 1'b1
Bits Mnemonic Description
[7 ENABLE_DAC_CLK Enables DAC interpolation path clock.
e 1'b0: Clock disabled
e 1'b1: Clock enabled (default)
[6] SYNC_MODE Enables SYNC mode.
e 1'b0: ASYNC mode enabled (default)
e 1'b1: SYNC mode enabled
[5:4] RESERVED NA
[3] ENABLE_SPDIF_DECODE Enables S/PDIF decoding.
e  1'b0: Disabled (default)
e 1'b1: Enabled
[2] ENABLE_DOP_DECODE Enables DoP decoding.
e 1'b0: Disabled (default)
e 1'b1: Enabled
1] ENABLE_DSD_DECODE Enables DSD decoding.
e  1'b0: Disabled (default)
e 1'b1: Enabled
[0] ENABLE_TDM_DECODE Enables TDM decoding.
e 1'b0: Disabled
e 1'b1: Enabled (default)
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Register 2: RESERVED

Register 3: DAC CLOCK CONFIG

Bits [7] [6] [5:0]
Default 1'b1 1'b0 6'd0
Bits Mnemonic Description
[71 AUTO_FS_DETECT Automatically determine optimal (MCLK/CLK_IDAC ratio) according to
detected FS.
e 1'b0: Disabled, use reg 3[5:0] SELECT_IDAC_NUM to set ratio.
e 1'b1: Enabled, overrides reg 3[5:0] SELECT_IDAC_NUM (default)
Note: Cannot be used in ASYNC mode.
[6] SELECT_IDAC_HALF e 10: Divide by SELECT_IDAC_NUM + 1 (default)
e 1'b1: Divide by half of SELECT_IDAC_NUM + 1
Note: Can only produce half of an odd number divide
[5:0] SELECT_IDAC_NUM CLK_IDAC divider. Whole number divide value + 1 for CLK_IDAC
(SYS_CLK/divide_value).
e  6'd0: Whole number divide value + 1 =1
e  §'d1: Whole number divide value + 1 =2
e  6'd63: Whole number divide value + 1 = 64
Register 4: CLOCK CONFIG
Bits [7:0]
Default 8'd7
Bits Mnemonic Description
[7:0] MASTER_BCK_DIV Master mode clock divider. Whole number divide value + 1 for CLK_Master

(SYS_CLK/divide_value).
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Register 5: CLK GEAR SELECT

Bits [7:6] [5:4] [3] [2] [1] [0]
Default 2'b00 2'd0 1'b0 1'b0 1'b0 1'b0
Bits Mnemonic Description
[7:6] RESERVED NA
[5:4] SEL_CLK_GEAR Clock Gearing
e 2'd0: SYS_CLK/
o 2'd1: SYS_CLK/2
o 2'd2: SYS_CLK/4
o 2'd3: SYS_CLK/8
[3] RESERVED NA
[2] AUTO_CLK_GEAR e 1'b0: Disable automatic clock gearing. SYS_CLK = SEL_CLK_GEAR
e  1'b0: Disabled, SYS_CLK = SEL_CLK_GEAR. (default)
e 1'b1: Enabled, SYS_CLK will decrease by up to SEL_CLK_GEAR.
[1] RESERVED NA
[0] AUTO_FS_DETECT_BLOCK_64FS Block AUTO_FS_DETECT from transitioning to 64FS mode when the
detected CLK_DAC/CLK_IDAC ratio is 64.
e  1'b0: Disabled (default)
e 1'b1: Enabled

Register 9-7: RESERVED
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Register 11-10: INTERUPT MASKP

Bits [15:14] [13:12] [11] | [10:8] [7] [6] [5] [4] [3] [2] [1] [0]
Default 2'b00 2'b00 1'b0 | 3'b000 1b0 [ 10 |10 | 1b0 | 1'b0 | 160 | 10 | 1'b0
Bits Mnemonic Description
[15:14] RESERVED NA
[13:12] INPUT_SELECT_OVERRIDE_MASKP Masks negative to positive interrupt transitions.

e 2'b00: Ignore interrupt (default)

e  2'b11: Service interrupt if flag transitions from negative to positive
[11] TDM_VALID_EDGE_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

e 1'b1: Service interrupt if flag transitions from negative to positive
[10:8] RESERVED NA
71 BCK_WS_FAIL_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from negative to positive
[6] DOP_VALID_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

e 1'b1: Service interrupt if flag transitions from negative to positive
[5] SS_FULL_RAMP_CH2_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

e 1'b1: Service interrupt if flag transitions from negative to positive
[4] SS_FULL_RAMP_CH1_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from negative to positive
[3] AUTOMUTE_FLAG_CH2_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

e 1'b1: Service interrupt if flag transitions from negative to positive
[2] AUTOMUTE_FLAG_CH1_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from negative to positive
1] VOL_MIN_CH2_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from negative to positive
[0] VOL_MIN_CH1_MASKP Masks negative to positive interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from negative to positive

Register 14-12: RESERVED

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 + WWW.ESSTECH.COM 56




VERSION 0.1.3

ES9039Q2M Datasheet

55

Register 16-15: INTERUPT MASKN

Bits [15:14] [13:12] [11] | [10:8] [7] [6] [5] [4] [3] [2] [1] [0]
Default 2'b00 2'b00 1'b0 | 3'b000 1b0 [ 10 |10 | 1b0 | 1'b0 | 160 | 10 | 1'b0
Bits Mnemonic Description
[15:14] RESERVED NA
[13:12] INPUT_SELECT_OVERRIDE_MASKN Masks positive to negative interrupt transitions.

e 2'b00: Ignore interrupt (default)

e  2'b11: Service interrupt if flag transitions from positive to negative
[11] TDM_VALID_EDGE_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

e 1'b1: Service interrupt if flag transitions from positive to negative
[10:8] RESERVED NA
71 BCK_WS_FAIL_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from positive to negative
[6] DOP_VALID_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

e 1'b1: Service interrupt if toggled from positive to negative
[5] SS_FULL_RAMP_CH2_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

e 1'b1: Service interrupt if flag transitions from positive to negative
[4] SS_FULL_RAMP_CH1_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from positive to negative
[3] AUTOMUTE_FLAG_CH2_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from positive to negative
[2] AUTOMUTE_FLAG_CH1_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from positive to negative
1] VOL_MIN_CH2_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from positive to negative
[0] VOL_MIN_CH1_MASKN Masks positive to negative interrupt transitions.

e 1'b0: Ignore interrupt (default)

o 1'b1: Service interrupt if flag transitions from positive to negative

Register 19-17: RESERVED
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Register 21-20: INTERRUPT CLEAR
Bits [15:14] [13:12] [11] | [10:8] [7] [6] [5] [4] [3] [2] [1] [0]
Default 2'b00 2'b00 1'b0 | 3'b000 1b0 [ 10 |10 | 1b0 | 1'b0 | 160 | 10 | 1'b0
Bits Mnemonic Description
[15:14] RESERVED NA
[13:12] INPUT_SELECT_OVERRIDE_CLEAR Toggle high-low to clear and re-arm interrupt.
[11] TDM_VALID_EDGE_CLEAR Toggle high-low to clear and re-arm interrupt.
[10:8] RESERVED NA
[7] BCK_WS_FAIL_CLEAR Toggle high-low to clear and re-arm interrupt.
[6] DOP_VALID_CLEAR Toggle high-low to clear and re-arm interrupt.
[5] SS_FULL_RAMP_CH2_CLEAR Toggle high-low to clear and re-arm interrupt.
[4] SS_FULL_RAMP_CH1_CLEAR Toggle high-low to clear and re-arm interrupt.
[3] AUTOMUTE_FLAG_CH2_CLEAR Toggle high-low to clear and re-arm interrupt.
[2] AUTOMUTE_FLAG_CH1_CLEAR Toggle high-low to clear and re-arm interrupt.
[1] VOL_MIN_CH2_CLEAR Toggle high-low to clear and re-arm interrupt.
[0] VOL_MIN_CH1_CLEAR Toggle high-low to clear and re-arm interrupt.
Register 28-24: RESERVED
Register 29: DPLL BW
Bits [7:4] [3:0]
Default 4'd4 4'd0
Bits Mnemonic Description
[7:4] DPLL_BW Sets the bandwidth of the DPLL.
e  4'd0: Reserved
e  4'd1: Lowest Bandwidth
e  4'd15: Highest Bandwidth
[3:0] RESERVED NA
Register 33-30: RESERVED
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Register 34: DATA PATH CONFIG

Bits [7] [6] [5:0]
Default 1'b0 1'b0 6'b000000
Bits Mnemonic Description
[71 CH2_NSMOD_IN_SEL Selects ch2 nsmod input.
e 1'b0: Input from ch2 interpolation path (default)
e 1'b1: Input from ch1 interpolation path
[6] CAL_RES_ENB Selects the calibration resistor connection on GPIO8.
e 1'b0: DAC calibration resistor enabled (default)
e 1'b1: DAC calibration resistor disabled, normal GPIO
[5:0] RESERVED NA
Register 35: PCM 4X GAIN
Bits [7:2] [1] [0]
Default 6'd0 1'b0 1'b0
Bits Mnemonic Description
[7:2] RESERVED NA
1] CH2_PCM_4X_GAIN Changes the gain on the CH2 interpolation path after the IIR.
o 1'b0: 1x gain
e 1'b1:4xgain
Note: Not Available in DSD mode
[0] CH1_PCM_4X_GAIN Changes the gain on the CH1 interpolation path after the IIR.
e 1'00: 1x gain
o 1'b1:4xgain
Note: Not Available in DSD mode

Register 36: RESERVED
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GPIO Registers

Register 37: GPIO1/2 CONFIG

Bits [7:4]

[3:0]

Default 4'd7

4'd13

Bits Mnemonic

Description

[7:4] GPIO2_CFG

Configures GPI02

4'd0: Analog shutdown - shutdown
4'd1: Output 0 — output

4'd2: Output 1 - output

4'd3: CLK_BCK - output

4'd4: Interrupt — output

4'd5: Mute all channels — input
4'd6: System mode control — input
4'd7: Lock status — output (default)
4'd8: Reserved

4'd9: PWM1 signal — output

4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume - output
4'd13: Automute status — output
4'd14: Soft ramp done — output
4'd15: Reserved

[3:0] GPIOT_CFG

Configures GPIO1

4'd0: Analog shutdown - shutdown
4'd1: Output 0 — output

4'd2: Output 1 — output

4'd3: CLKEN_1FS - output

4'd4: Interrupt — output

4'd5: Mute all channels - input
4'd6: System mode control — input
4'd7: Lock status — output

4'd8: Reserved

4'd9: PWM1 signal — output

4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume - output
4'd13: Automute status — output (default)
4'd14: Soft ramp done - output
4'd15: Reserved
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Register 38: GPIO3/4 CONFIG

Bits [7:4] [3:0]

Default 4'd0 4'd0

Bits Mnemonic Description

[7:4] GPIO4_CFG Configures GP104

e  4'd0: Analog shutdown - shutdown (default)
4'd1: Output 0 — output

4'd2: Output 1 - output

4'd3: CLK_IDAC - output

4'd4: Interrupt — output

4'd5: Mute all channels - input
4'd6: System mode control — input
4'd7: Lock status — output

4'd8: Reserved

4'd9: PWM1 signal — output
4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume - output
4'd13: Automute status — output
4'd14: Soft ramp done — output
4'd15: Reserved

[3:0] GPIO3_CFG Configures GPIO3

e 4'd0: Analog shutdown - shutdown (default)
4'd1: Output 0 — output

4'd2: Output 1 — output

4'd3: CLK_DAC - output

4'd4: Interrupt — output

4'd5: Mute all channels - input
4'd6: System mode control — input
4'd7: Lock status — output

4'd8: Reserved

4'd9: PWM1 signal — output
4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume — output
4'd13: Automute status — output
4'd14: Soft ramp done — output
4'd15: Reserved
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Register 39: GPIO5/6 CONFIG

Bits [7:4]

[3:0]

Default 4'd0

4'd0

Bits Mnemonic

Description

[7:4] GPIO6_CFG

Configures GPIO6

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

4'd2: Output 1 - output

4'd3: CLK_BCK - output

4'd4: Interrupt — output

4'd5: Mute all channels - input
4'd6: System mode control — input
4'd7: Lock status — output

4'd8: Reserved

4'd9: PWM1 signal — output
4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume - output
4'd13: Automute status — output
4'd14: Soft ramp done — output
4'd15: Reserved

[3:0] GPIO5_CFG

Configures GPIO5

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

4'd2: Output 1 — output

4'd3: CLKEN_1FS - output

4'd4: Interrupt — output

4'd5: Mute all channels - input
4'd6: System mode control — input
4'd7: Lock status — output

4'd8: Reserved

4'd9: PWM1 signal — output
4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume — output
4'd13: Automute status — output
4'd14: Soft ramp done — output
4'd15: Reserved
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Register 40: GPIO7/8 CONFIG

Bits [7:4] [3:0]

Default 4'd0 4'd0

Bits Mnemonic Description

[7:4] GPIO8_CFG Configures GPI08

e  4'd0: Analog shutdown - shutdown (default)
4'd1: Output 0 — output

4'd2: Output 1 - output

4'd3: CLK_IDAC - output

4'd4: Interrupt — output

4'd5: Mute all channels - input
4'd6: System mode control — input
4'd7: Lock status — output

4'd8: Reserved

4'd9: PWM1 signal — output
4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume - output
4'd13: Automute status — output
4'd14: Soft ramp done — output
4'd15: Reserved

[3:0] GPIO7_CFG Configures GPIO7

e 4'd0: Analog shutdown - shutdown (default)
4'd1: Output 0 — output

4'd2: Output 1 — output

4'd3: CLK_DAC - output

4'd4: Interrupt — output

4'd5: Mute all channels - input
4'd6: System mode control — input
4'd7: Lock status — output

4'd8: Reserved

4'd9: PWM1 signal — output
4'd10: PWM2 signal — output
4'd11: PWM3 signal — output
4'd12: Minimum volume — output
4'd13: Automute status — output
4'd14: Soft ramp done — output
4'd15: Reserved
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Register 41: GPIO OUTPUT ENABLE
Bits [7] [6] [5] [4] [3] 2] (1] [0]
Default 1'b0 1'b0 1'b0 1'b0 1'b0 1'b0 1'b1 1'b1
Bits Mnemonic Description
[71 GPIO8_OE o 1'b0: Tristate GPIO8 (default)
1'01: GPIO8 Output enabled
[6] GPIO7_OE 1'b0: Tristate GPIO7 (default)
1'b1: GPIO7 Output enabled
[5] GPIO6_OE 1'b0: Tristate GPIO6 (default)
1'b1: GPIO6 Output enabled
[4] GPIO5_OE 1'b0: Tristate GPIO5 (default)
1'b1: GPIO5 Output enabled
[3] GPIO4_OE 1'b0: Tristate GP104 (default)
1'b1: GPIO4 Output enabled
[2] GPIO3_OE 1'b0: Tristate GPIO3 (default)
1'b1: GPIO3 Output enabled
[1] GPIO2_OE 1'b0: Tristate GP102
1'b1: GPIO2 Output enabled (default)
[0] GPIO1_OE 1'b0: Tristate GPIO1
1'b1: GPIO1 Output enabled (default)
Register 42: GPIO INPUT
Bits [7] [6] [5] [4] 3] (2] (1] [0]
Default 1'b0 1'b0 1'b0 1'b0 1'b0 1'b0 1'b0 1'b0
Bits Mnemonic Description
[71 GPIO8_SDB e 1'b0: Disables GPIO8 input (default)
e 1'b1: Enables GPIO8 input
[6] GPIO7_SDB e 1'b0: Disables GPIO7 input
e 1'b1: Enables GPIO7 input (default)
[5] GPI06_SDB e 1'b0: Disables GPIO6 input (default)
e 1'b1: Enables GPIOG input
[4] GPIO5_SDB e 1'b0: Disables GPIO5 input
e 1'b1: Enables GPIOS input (default)
[3] GPIO4_SDB e  1'b0: Disables GPIO4 input
e 1'b1: Enables GPIO4 input (default)
[2] GPIO3_SDB e 1'b0: Disables GPIO3 input (default)
e 1'b1: Enables GPIO3 input
1] GPIO2_SDB e 1'b0: Disables GPIO2 input (default)
e 1'b1: Enables GPIO2 input
[0] GPIO1_SDB e  1'b0: Disables GPIO1 input (default)
e 1'b1: Enables GPIO1 input
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Register 43: GPIO WK EN

Bits [7] [6] [9] [4] 3] [2] (1] [0]
Default 1'b0 1'b0 1'b0 1'b0 1'b0 1'b0 1'00 1'00
Bits Mnemonic Description
[71 GPIO8_WK_EN o 1'v0: GPIO8 weak keeper disabled (default)
e 1'b1: GPIO8 weak keeper enabled
[6] GPIO7_WK_EN e 1'00: GPIO7 weak keeper disabled (default)
e 1'b1: GPIO7 weak keeper enabled
[5] GPIO6_WK_EN e 1'00: GPIO6 weak keeper disabled (default)
e 1'b1: GPIO6 weak keeper enabled
[4] GPIO5_WK_EN o 1'b0: GPIOS5 weak keeper disabled (default)
e 1'b1: GPIOS5 weak keeper enabled
[3] GPIO4_WK_EN o 1'b0: GPIO4 weak keeper disabled (default)
e 1'b1: GPIO4 weak keeper enabled
[2] GPIO3_WK_EN o 1'v0: GPIO3 weak keeper disabled (default)
e 1'b1: GPIO3 weak keeper enabled
[1] GPIO2_WK_EN o 1'v0: GPIO2 weak keeper disabled (default)
e 1'b1: GPIO2 weak keeper enabled
[0] GPIO1_WK_EN o 1'v0: GPIO1 weak keeper disabled (default)
o 1'b1: GPIO1 weak keeper enabled
Register 44: INVERT GPIO
Bits [7] [6] [9] [4] 3] [2] (1] [0]
Default 1'b0 1'b0 1'b0 1'b0 1'b0 1'b0 1'00 1'00
Bits Mnemonic Description
[71 INVERT_GPIO8 e 1'b1: Inverts GPIO8 output.
[6] INVERT_GPIO7 e 1'b1: Inverts GPIO7 output.
[5] INVERT_GPIO6 e 1b1: Inverts GPIO6 output.
[4] INVERT_GPIO5 e 1'b1: Inverts GPIO5 output.
[3] INVERT_GPIO4 e 1'b1: Inverts GPIO4 output.
[2] INVERT_GPIO3 e 1'b1: Inverts GPIO3 output.
[1] INVERT_GPIO2 e 1b1: Inverts GPIO2 output.
[0] INVERT_GPIO1 e 1'b1: Inverts GPIO1 output.
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Register 45: GPIO READ
Bits [7] [6] [9] [4] 3] [2] (1] [0]
Default 1'b0 1'b0 1'b0 1'b0 1'b0 1'b0 1'00 1'00
Bits Mnemonic Description
7 GPIO8_READ e  1'v0: GPIO8 Readback disabled (default)
e 1'b1: Allow readback of GPIO8_|
Note: Requires corresponding GPIOx_SDB to be set.
[6] GPIO7_READ o  1'v0: GPIO7 Readback disabled (default)
e 1'b1: Allow readback of GPIO7_I
Note: Requires corresponding GPIOx_SDB to be set.
[5] GPIO6_READ e 1'b0: GPIO6 Readback disabled (default)
e 1'b1: Allow readback of GPIO6_|
Note: Requires corresponding GPIOx_SDB to be set.
[4] GPIO5_READ e 1'h0: GPIO5 Readback disabled (default)
e 1'b1: Allow readback of GPIO5_|
Note: Requires corresponding GPIOx_SDB to be set.
[3] GPIO4_READ e  1'b0: GPIO4 Readback disabled (default)
o 1'b1: Allow readback of GPIO4_|
Note: Requires corresponding GPIOx_SDB to be set.
[2] GPIO3_READ e 1'b0: GPIO3 Readback disabled (default)
e 1'b1: Allow readback of GPIO3_|
Note: Requires corresponding GPIOx_SDB to be set.
[1] GPIO2_READ e 1'b0: GPIO2 Readback disabled (default)
e 1'b1: Allow readback of GPIO2_|
Note: Requires corresponding GPIOx_SDB to be set.
[0] GPIO1_READ e 1'00: GPIO1 Readback disabled (default)

e 1'b1: Allow readback of GPIO1_|
Note: Requires corresponding GPIOx_SDB to be set.
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Register 47-46: GPIO OUTPUT LOGIC

Bits [15] | [14:7]

6] [[S] |4 [[81 |[2 [[] |[0]

Default 1'b0 | 8'd0

b0 | 1'b0 | 100 | 100 | 1'b1 | 1'b1 | 1'b1

Bits Mnemonic

Description

[15] GPIO_DAC_MODE

When any GPIO_CFG is "System mode control":
e 1'b0: Disable datapath when GPIO input is 1'b1
e 1'b1: Enable datapath when GPIO input is 1

When GPIOx input is 1'b0, system mode is determined by register 0[1]
DAC_MODE.

[14:7] RESERVED

NA

[6] GPIO_SEL

Outputs a specific channel's flag if the corresponding GPIO_AND and
GPIO_OR are not set.

e 1'b0: Outputs status/flag from CH1

e 1'b1: Outputs status/flag from CH2

[5] GPIO_OR_SS_RAMP

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

e  1'b0: Disabled (default)

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

[4] GPIO_OR_VOL_MIN

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

e  1'b0: Disabled (default)

e 1'b1: Enabled, GPIO_CFG output is |(automute[CHXx])

3] GPIO_OR_AUTOMUTE

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

e  1'b0: Disabled (default)

e 1'b1: Enabled, GPIO_CFG output is |(vol_min[CHXx])

[2] GPIO_AND_SS_RAMP

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

e  1'b0: Disabled

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

Note: Overriden by GPIO_OR_SS_RAMP.

1] GPIO_AND_VOL_MIN

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

e 1'b0: Disabled

e 1'b1: Enabled, GPIO_CFG output is &(automute[CHX]) (default)

Note: Overriden by GPIO_OR_AUTOMUTE.

[0] GPIO_AND_AUTOMUTE

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

e  1'b0: Disabled

e 1'b1: Enabled, GPIO_CFG output is &(vol_min[CHx]) (default)

Note: Overriden by GPIO_OR_VOL_MIN.
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Register 48: PWM1 COUNT

Bits [7:0]
Default 8'd0
Bits Mnemonic Description
[7:0] PWM1_COUNT 8-bit value to set the number of SYS_CLK periods the PWM signal is high
for.
o  8'd0: Disabled (default)
e  8'd1: Minimum
8'd255: Maximum
Register 50-49: PWM1 FREQUENCY
Bits [15:0]
Default 16'd0
Bits Mnemonic Description
[15:0] PWM1_FREQ 16-bit value to set the frequency of the PWM signal in terms of SYS_CLK
divisions.
Valid from 16'h0000 to 16'hFFFF
Hal = SYS CLK
frequency [Hz] = pumm—rEo +1
Duty Cycle [%] = (PWM1"_"COUNT)/(PWM1"_"FREQ
+ 1)) x 100
Register 51: PWM2 COUNT
Bits [7:0]
Default 8'd0
Bits Mnemonic Description
[7:0] PWM2_COUNT 8-bit value to set the number of SYS_CLK periods the PWM signal is high
for.
e  8'd0: Disabled (default)
8'd1: Minimum
8'd255: Maximum
Register 53-52: PWM2 FREQUENCY
Bits [15:0]
Default 16'd0
Bits Mnemonic Description
[15:0] PWM2_FREQ 16-bit value to set the frequency of the PWM signal in terms of SYS_CLK
divisions.
Valid from 16'h0000 to 16'hFFFF
Hal = SYS CLK
frequency [Hz] = oo R0 1
Duty Cycle [%] = (PWM?2"_"COUNT)/(PWM2"_"FREQ
+ 1)) X 100
Register 54: PWM3 COUNT
Bits [7:0]
Default 8'd0
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Bits Mnemonic Description
[7:0] PWM3_COUNT 8-bit value to set the number of SYS_CLK periods the PWM signal is high
for.
Valid from 8'd0 to 8'd255

Register 56-55: PWM3 FREQUENCY

Bits [15:0]

Default 16'd0

Bits Mnemonic Description

[15:0] PWM3_FREQ 16-bit value to set the frequency of the PWM signal in terms of SYS_CLK

divisions.
Valid from 16'h0000 to 16'hFFFF
SYS CLK
PWM3_FREQ + 1
Duty Cycle [%] = (PWM3"_"COUNT)/(PWM3"_"FREQ
+ 1)) x 100

frequency [Hz] =
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DAC Registers
Register 57: INPUT SELECTION
Bits [7] [6] [5] [4] [3] [2:1] [0]
Default 1'b0 1'b1 1'b0 1'b0 1'b0 2'd0 1'b0
Bits Mnemonic Description
[71 AUTO_CH_DETECT Auto detect BCK/FRAME ratio to determine the number of TDM channels.
e  1'b0: Disabled (default)
e 1'b1: Enabled
[6] ENABLE_DSD_FAULT_DETECTION Sets a channel to a DSD mute pattern (0x96) if the DSD data has no
changes in 64 DATA_CLKs.
e 1'b0: Disabled
e 1'b1: Enabled (default)
[5] DSD_MASTER_MODE DSD master mode config.
e 1'b0: DSD slave mode (default)
e 1'b1: DSD master mode. DSD_CLK outputs from DATA_CLK
[4] PCM_MASTER_MODE PCM master mode config.
e 1'b0: PCM slave mode (default)
e 1'b1: PCM master mode enabled. Master BCK and WS output from
DATA_CLK and DATA1
[3] RESERVED NA
[2:1] INPUT_SEL Selects input data format when AUTO_INPUT_SEL is disabled.
e 2'd0: PCM (default)
e 2d1:DSD
e 2'd2: DoP
e 2'd3: S/PDIF
[0] AUTO_INPUT_SEL Automatic input data selection config.

e 1'b0: Disables auto input select. Input data format is set by
INPUT_SEL (default)
o 1'b1: Automatically determine the input data format.
Note: When using AUTO_INPUT_SEL & DSD, it is required that DSD data
lines are on DATA1 & DATAZ2.
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Register 58: MASTER ENCODER CONFIG

Bits [7] [6] [5] [4:3] 2] (1] [0]
Default 1'b0 1'b0 1'b0 2'd0 1'b0 1'b0 1'b1
Bits Mnemonic Description
[71 TDM_RESYNC Force TDM decoder to resync.
o 1'b0: Enable TDM decoder synchronization (default)
e 1'b1: Force TDM decoder to desynchronize.
[6] BCK_INV Invert the slave BCK
e 1'00: Normal operation
e 1'b1: Invert slave BCK
[5] RESERVED NA
[4:3] MASTER_FRAME_LENGTH Selects the bit length in each TDM channel in master mode.
o 2'd0: 32-bit (default)
o 2'd1: 24-bit
o 2'd2: 16-bit
e  2'd3: Reserved
[2] MASTER_WS_PULSE_MODE When enabled, master WS is a pulse signal instead of a 50% duty cycle
signal. The pulse width is 1 BCK cycle.
e 1'b0: 50% duty cycle WS signal (default)
e 1'b1: Pulse WS signal
[1] MASTER_WS_INVERT Inverts master WS.
e 1'b0: Non-inverted (default)
e 1b1:Inverted
[0] MASTER_BCK_INVERT Inverts master BCK or DSD_CLK.
e 1'b0: Non-inverted
e 1b1: Inverted (default)
Register 59: TDM CONFIG
Bits [7:5] [4:0]
Default 3'd0 5'd1
Bits Mnemonic Description
[7:5] RESERVED NA
[4:0] TDM_CH_NUM Total number of TDM slots per frame = TDM_CH_NUM + 1.

71
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Register 60: TDM CONFIG1
Bits [7] [6] [5:0]
Default 1'b0 1'b0 6'd0
Bits Mnemonic Description
7 TDM_LJ_MODE TDM LJ mode.
e 1'b0: Standard 12S (default)
o 1'v1:LJ mode
[6] TDM_VALID_EDGE TDM WS valid edge.
e  1'b0: negative edge (default)
e 1'b1: positive edge
[5:0] RESERVED NA
Register 61: TDM CONFIG2
Bits [7] [6:5] [4:0]
Default 1'b1 2'b00 5'd0
Bits Mnemonic Description
7] RESERVED NA
[6:5] TDM_BIT_WIDTH Bit width of each TDM slot.
e 2'b00: 32-bit (default)
o 2'b01: 24-bit
o 2'b10: 16-bit
e 2b11: Reserved
[4:0] TDM_DATA_LATCH_ADJ Sets the position of the start bit within each TDM slot.

Can be moved by TDM_DATA_LATCH_ADJ clock cycles.
e 5'd0: Normal position
e 5'd1-31: Number of clock cycles to wait
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Register 62: BCK/WS MONITOR CONFIG
Bits [7] [6] [9] [4] [3] [2:0]
Default 1'b0 1'b0 1'b1 1'b1 1'b0 3'd0
Bits Mnemonic Description
7 DISABLE_DSD_DC o 1'v0: DSD DC can trigger an automute if automute is enabled
(default)
e 1'b1: DSD DC is ignored.
[6] DISABLE_DSD_MUTE e 1'b0: DSD mute pattern can trigger an automute is automute is
enabled (default)
e 1'b1: DSD mute pattern is ignored.
[5] ENABLE_WS_MONITOR Enable WS monitor.
e 1'b0: Disable
e 1'b1: Enable (default)
[4] ENABLE_BCK_MONITOR Enable BCK monitor.
e 1'b0: Disable (default)
e 1b1: Enable
[3] DISABLE_PCM_DC e 1'00: PCM DC signal can trigger an automute if automute is enabled.
e 1b1: PCMDC is ignored.
[2:0] RESERVED NA

Register 63: RESERVED

Register 64: CH1 SLOT CONFIG

Bits [7:5] [4:0]

Default 3'd0 5'd0

Bits Mnemonic Description

[7:5] DSD_CH1_SOURCE Selects the source for the CH1 DSD data.
o  3'd0: DATA1 (default)
3'd1: DATA2
3'd2: GPIO1
3'd3: GPI02
3'd4: GPIO3
3'd5: GPIO4
3'd6: GPIO5
o 3d7: GPIO6
Note: If AUTO_INPUT_SEL is enabled, DSD data lines must be on DATA1
& DATA2.

[4:0] PCM_CH1_SLOT_SEL CH1 data slot selection. CH1 receives data from Mth slot.
M =TDM_CH1_SLOT_SEL + 1.
Note: Valid for TDM, PCM and DoP.
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Register 65: CH2 SLOT CONFIG
Bits [7:5] [4:0]
Default 3'd1 5'd1
Bits Mnemonic Description
[7:5] DSD_CH2_SOURCE Selects the source for the CH2 DSD data.
e  3'd0: DATA1
o  3'd1: DATA2 (default)
o 3'd2: GPIO1
o 3'd3: GPIO2
e 3'd4: GPIO3
o 3'd5: GPIO4
o 3'd6: GPIO5
e 3'd7: GPIO6
Note: If AUTO_INPUT_SEL is enabled, DSD data lines must be on DATA1
& DATA2.
[4:0] PCM_CH2_SLOT_SEL CH2 data slot selection. CH2 receives data from Mth slot.
M =PCM_CH2_SLOT_SEL +1.
Note: Valid for PCM and DoP.
Register 73-66: RESERVED
Register 74: VOLUME CH1
Bits [7:0]
Default 8'd0
Bits Mnemonic Description
[7:0] VOLUME_CH1 DAC CH1 volume. -0dB to -127.5dB, 0.5dB steps
e 8'd0: 0dB
o  8'd255:-127.5dB
Register 75: VOLUME CH2
Bits [7:0]
Default 8'd0
Bits Mnemonic Description
[7:0] VOLUME_CH2 DAC CH2 volume. -0dB to -127.5dB, 0.5dB steps
e 8d0:0dB
o 8d255:-127.5dB

Register 81-76: RESERVED
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Register 82: DAC VOL UP RATE

Bits [7:0]

Default 8'h04

Bits Mnemonic Description

[7:0] DAC_VOL_RATE_UP Linear step size from the current volume to a target volume, represented as

a fraction of full-scale.
e 8'h00: Instant change
e 8h01: Slowest change
e 8h04: Default
o  8'hFF: Fastest change

inc DAC VOL_RATE_UP *FS
e vol_step_rate =

212

Register 83: DAC VOL DOWN RATE

Bits [7:0]

Default 8'h04

Bits Mnemonic Description

[7:0] DAC_VOL_RATE_DOWN Linear step size from the current volume to a target volume, represented as

a fraction of full-scale.
o 8'h00: Instant change
e 8h01: Slowest change
o 8'h04: Default
o 8hFF: Fastest change

dec DAC_VOL_RATE_DOWN * FS
e vol_step_rate | =

212

Register 84: DAC VOL DOWN RATE FAST

Bits [7:0]

Default 8'hFF

Bits Mnemonic Description

[7:0] DAC_VOL_RATE_FAST Linear step size from the current volume to a target volume, represented as

a fraction of full-scale.

Only used during abnormal mute (PLL unlock or BCK_WS ratio failed)
e  8h00: Instant change
e  8h01: Slowest change
o 8hFF: Fastest change (default)

DAC_VOL_RATE_FAST * FS
212

e vol_step_rate [%] =

Register 85: RESERVED
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Register 86: DAC MUTE
Bits [7:2] [1] [0]
Default 6'd0 1'b0 1'b0
Bits Mnemonic Description
[7:2] RESERVED NA
[1] DAC_MUTE_CH2 e 1'v0: Normal CH2 operation (default)
e 1'b1: Mute CH2
[0] DAC_MUTE_CH1 e 1'b0: Normal CH1 operation (default)
e 1'b1: Mute CH1
Register 87: DAC INVERT
Bits [7:2] [1] [0]
Default 6'd0 1'b0 1'00
Bits Mnemonic Description
[7:2] RESERVED NA
[1] DAC_INVERT_CH2 Invert the output on CH2 at the input to the noise shaped modulator
(NSMOD).
e 1'b0: Uninverted CH2 DAC output (default)
e 1b1: Inverted CH2 DAC output
[0] DAC_INVERT_CH1 Invert the output on CH1 at the input to the noise shaped modulator
(NSMOD).
e 1'v0: Uninverted CH1 DAC output (default)
e 1b1: Inverted CH1 DAC output
Register 88: FILTER SHAPE
Bits [7:3] [2:0]
Default 5'd12 3'd0
Bits Mnemonic Description
[7:3] RESERVED NA
[2:0] FILTER_SHAPE Selects the 8x interpolation FIR filter shape.

e 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
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Register 89: IR BANDWIDTH & S/PDIF SEL

Bits [7:4]

3] [2:0]

Default 4'd0

1'b0 3'd4

Bits Mnemonic

Description

[7:4] SPDIF_SEL

Selects the S/PDIF data input pin
e  4'd0: Disconnected
4'd1: DATA1
4'd2: DATA2
4'd3: GPIO1
4'd4: GPI02
4'd5: GPIO3
4'd6: GPI04
4'd7: GPIO5
4'd8: GPI06
4'd9: GPIO7
4'd10: GPI08
e  Others: Reserved

Note: GPIOx pins also require the GPIOx_SDB to be enabled.

3] VOLUME_HOLD

Hold volume coefficients to allow for all channels to update at same time.
e 1'b0: Channel volume will update with changes to reg 74-75.

e 1'b1: Channel volumes will not update.

[2:0] IR_BW

Controls the IIR bandwidth in the digital datapath.
e 3'd0: Reserved

3d1:BW*8

3'd2: BW* 4

3'd3: BW* 2

3'd4: BW (default)

3'd5: BW/2

3'd6: BW /4

3d7:BW/8

Register 90: DAC PATH CONFIG

Bits [7:3]

2] (1]

[0]

Default 5'000000

1'b0 1'b0

1'00

Bits Mnemonic

Description

[7:3] RESERVED

NA

2] BYPASS_IIR

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

[1] BYPASS_FIR4X

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

[0] BYPASS_FIR2X

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

Register 94-91: THD C2

Bits [31:16]

[15:0]

Default 16'd0

16'd0
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Bits Mnemonic Description
[31:16] THD_C2_CH2 A 16-bit signed coefficient for correcting for the CH2 second harmonic
distortion.
output = x + c2*xx*>+ 3 xx3
[15:0] THD_C2_CH1 A 16-bit signed coefficient for correcting for the CH1 second harmonic
distortion.
output = x + c2*x*>+ c3*x3
Register 106-95: RESERVED
Register 110-107: THD C3
Bits [31:16] [15:0]
Default 16'd0 16'd0
Bits Mnemonic Description
[31:16] THD_C3_CH2 A 16-bit signed coefficient for correcting for the CH2 third harmonic
distortion.
output = x + c2*x*+ c3*x°3
[15:0] THD_C3_CH1 A 16-bit signed coefficient for correcting for the CH1 third harmonic
distortion.
output = x + c2*x*+ c3*x°3
Register 122-111: RESERVED
Register 123: AUTOMUTE ENABLE
Bits [7:2] [1] [0]
Default 6'd0 1'b1 1'b1
Bits Mnemonic Description
[7:2] RESERVED NA
1] AUTOMUTE_EN_CH2 e  1'v0: Disables ch2 automute
e 1'b1: Enables ch2 automute (default)
Note: Automute is available for PCM only
[0] AUTOMUTE_EN_CH1 e 1'b0: Disables ch1 automute

e 1'b1: Enables ch1 automute (default)
Note: Automute is available for PCM only
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Register 125-124: AUTOMUTE TIME

Bits [15:12] [11] | [10:0]
Default 4'b0000 1'b1 | 11'h0O0F
Bits Mnemonic Description
[15:12] RESERVED NA
[11] MUTE_RAMP_TO_GROUND o 1'0: When ramped to min volume during normal mute, do not soft
ramp to ground
e 1'b1: When ramped to min volume during normal mute, soft ramp to
ground for power saving (default)
normal mute includes: automute, mute by register, mute by GPIO
[10:0] AUTOMUTE_TIME Configures the amount of time in seconds the audio must remain below
AUTOMUTE_LEVEL before an automute condition is flagged.
¢ 11'h000: Disabled
e 11'h001: Slowest
e 11'h00F: Default
o 11'h7FF; Fastest
218
e Timel[s]=———"—
AUTOMUTE_TIME*FS
Register 127-126: AUTOMUTE LEVEL
Bits [15:0]
Default 16'0008
Bits Mnemonic Description
[15:0] AUTOMUTE_LEVEL The threshold which the audio must be below before an automute condition
is flagged.
Shift right 1 bit corresponds to -6dB
e 16'h0001: -132dB
e 16'h0008: -119dB (default)
e 16'hFFFF: -42dB
Note: Only applies to PCM automute conditions.
Register 129-128: AUTOMUTE OFF LEVEL
Bits [15:0]
Default 16'000A
Bits Mnemonic Description
[15:0] AUTOMUTE_OFF_LEVEL The threshold which the audio must be above before the automute condition
is immediately cleared.
Shift right 1 bit corresponds to -6dB
e 16'h0001: -132dB
o 16'h000A: -117.5dB (default)
e 16'hFFFF: -42dB
Note: Only applies to PCM automute conditions.
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Register 130: SOFT RAMP CONFIG

Bits [7:5] [4:0]
Default 3'b000 5'd3
Bits Mnemonic Description
[7:5] RESERVED NA
[4:0] SOFT_RAMP_TIME Sets the amount of time that it takes to perform a soft start ramp.
This time affects both ramp to ground and ramp to AVCC/2.
Valid from 0 to 20 (inclusive).
SOFT_RAMP_TIME+1
Time [s] = 4096 x*
CLKpac(uz]
Register 134-131: RESERVED
Register 135: PROGRAM RAM CONTROL
Bits [7:2] [1] [0]
Default 6'd0 1'b0 1'b0
Bits Mnemonic Description
[7:2] RESERVED NA
1] PROG_COEFF_WE Enables writing to the programmable coefficient RAM.
e 1'b0: Disables write signal to the coefficient RAM (default).
o 1'b1: Enables write signal to the coefficient RAM.
[0] PROG_COEFF_EN Enables the custom oversampling filter coefficients.
e 1'b0: Uses a built-in filter selected by filter_shape (default).
e 1'b1: Uses the coefficients programmed via prog_coeff_data.
Register 136: S/PDIF READ CONTROL
Bits [7:5] [4:0]
Default 3'b000 5'd0
Bits Mnemonic Description
[7:5] RESERVED NA
[4:0] SPDIF_DATA_SEL Selects the byte of the S/PDIF payload in register 251 spdif_payload_read
o 24 bytes total
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Register 137: PROGRAM RAM ADDRESS

Bits [7] [6:0]
Default 1'b0 7'd0
Bits Mnemonic Description
[71 PROG_COEFF_STAGE Selects which stage of the filter to write.
o 1'00: Selects the 2x stage of the oversampling filter (default).
e 1'b1: Selects the 4x stage of the oversampling filter.
[6:0] PROG_COEFF_ADDR Selects the coefficient address when writing custom coefficients for the
oversampling filter.
Register 140-138: PROGRAM RAM DATA
Bits [23:0]
Default 24'd0
Bits Mnemonic Description
[23:0] PROG_COEFF_IN A 24-hit signed filter coefficient that will be written to the address defined in
prog_coeff_addr.

Register 145-141: RESERVED
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Readback Registers

Register 224: RESERVED

Register 225: CHIP ID READ

Bits [7:0]

Default -

Bits Mnemonic Description

[7:0] CHIP_ID Chip ID for ES9039Q2M is 0x63 (99d)

Register 228-227: RESERVED
Register 230-229: INTERRUPT STATES

Bits [15:14] [13:12] [11] | [10:8] [7] [6] [5:4] [3:2] [1:0]

Default - - - - - - - - -

Bits Mnemonic Description

[15:14] RESERVED NA

[13:12] INPUT_SELECT_OVERRIDE_STATE State of the INPUT_SELECT_OVERRIDE interrupt.
Note: Interrupt clear bits are required to reset value.

[11] TDM_DATA_VALID_STATE State of the TDM_DATA_VALID interrupt.
Note: Interrupt clear bit is required to reset value.

[10:8] RESERVED NA

[71 BCK_WS_FAIL_STATE State of the BCK_WS_FAIL interrupt.
Note: Interrupt clear bit is required to reset value.

[6] DOP_VALID_STATE State of the DOP_VALID interrupt.
Note: Interrupt clear bit is required to reset value.

[5:4] SS_FULL_RAMP_STATE State of each channel's SS_FULL_RAMP interrupt.
Note: Interrupt clear bit is required to reset value.

[3:2] AUTOMUTE_STATE State of each channel's AUTOMUTE_STATE interrupt.
Note: Interrupt clear bit is required to reset value.

[1:0] VOL_MIN_STATE State of each channel's VOL_MIN_STATE interrupt.

Note: Interrupt clear bit is required to reset value.

Register 233-231: RESERVED
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Register 235-234: INTERRUPT SOURCES

Bits [15:14] [13:12] [11] | [10:8] [7] [6] [5:4] [3:2] [1:0]
Default - - - - - - - - -
Bits Mnemonic Description
[15:14] RESERVED NA
[13:12] INPUT_SELECT_OVERRIDE_SOURCE Output of the AUTO_INPUT_SELECT logic.
[11] TDM_DATA_VALID_SOURCE TDM data valid flag.
[10:8] RESERVED NA
7 BCK_WS_FAIL_SOURCE Validity of BCK, WS, and ASYNC_LOCK flag.
Requires respective monitor bits to be set.

[6] DOP_VALID_SOURCE Valid DoP flag for Channels 1 and 2.
[5:4] SS_FULL_RAMP_SOURCE Channel flag for whether it is automute is active.
[3:2] AUTOMUTE_SOURCE Channel flag for whether it is automute is active.
[1:0] VOL_MIN_SOURCE Channel flag for whether the corresponding volume register = 0x00

Register 238-236: RESERVED

Register 239: RATIO VALID READ
Bits [7] [6:0]
Default - -
Bits Mnemonic Description
[71 RATIO_VALID Indicates validity of the CLK_DAC/CLK_IDAC ratio

e 1'b0: Invalid
o 1'b1: Valid

[6:0] RESERVED NA

Register 240: GPIO READ
Bits [7] [6] [5] [4] [3] (2] (1] [0]
Default - - - - - - - -
Bits Mnemonic Description
[7] GPIO8_I_READ GPIO8 input readback.
[6] GPIO7_|_READ GPIO7 input readback.
[5] GPIO6_|_READ GPIO6 input readback.
[4] GPIO5_|_READ GPIO5 input readback.
[3] GPIO4_|_READ GPI04 input readback.
[2] GPIO3_|_READ GPI03 input readback.
[1] GPIO2_|_READ GPI02 input readback.
[0] GPIO1_I_READ GPIO1 input readback.
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Register 241: VOL MIN READ
Bits [7:2] [1] [0]
Default - - -
Bits Mnemonic Description
[7:2] RESERVED NA
1] VOL_MIN_CH2 Volume min flag ch2
[0] VOL_MIN_CH1 Volume min flag ch1

Register 242: AUTOMUTE READ
Bits [7:2] [1] [0]
Default - - -
Bits Mnemonic Description
[7:2] RESERVED NA
[1] AUTOMUTE_CH2 Automute status ch2
[0] AUTOMUTE_CH1 Automute status ch1

Register 243: SOFT RAMP UP READ
Bits [7:2] [1] [0]
Default - - .
Bits Mnemonic Description
[7:2] RESERVED NA
[1] SS_RAMP_UP_CH2 Soft ramped up flag ch2
[0] SS_RAMP_UP_CH1 Soft ramped up flag ch1

Register 244: SOFT RAMP DOWN READ
Bits [7:2] [1] [0]
Default - - -
Bits Mnemonic Description
[7:2] RESERVED NA
[1] SS_RAMP_DOWN_CH2 Soft ramped down flag ch2
[0] SS_RAMP_DOWN_CH1 Soft ramped down flag ch1
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Register 245: INPUT STREAM READBACK

Bits [7:5] [4] [3] [2] [1:0]
Default - - - - .
Bits Mnemonic Description

[7:5] RESERVED NA

[4] SPDIF_VALID S/PDIF valid flag

[3] TDM_DATA_VALID TDM valid data flag

[2] DOP_VALID DoP valid flag

[1:0] INPUT_SELECT_OVERRIDE AUTO_INPUT_SEL value
e 2'd0: PCM (default)
e 2'd1:DSD
o 2'd2: DoP
e 2'd3: S/PDIF

Register 248-246: PROG COEFF OUT READ

Bits [23:0]

Default -

Bits Mnemonic Description

[23:0] PROG_COEFF_OUT Programmable FIR coefficient readback

Register 250-249: RESERVED

Register 251: S/PDIF DATA READ

Bits [7:0]
Default -
Bits Mnemonic Description
[7:0] SPDIF_DATA_READ Contains a byte of the S/PDIF payload.
Controlled by register 136[4:0] spdif_data_sel
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ES9039Q2M Reference Schematics

il

AVCC_DAC2 AVCC_DAC1 VCCA AVDD

Typical Application Schematic

CLK Input ——aMCLK

Hi/Lo (SPI/1*C) Mode (SW)

DVDD .__l_
I

CHIP_EN

s ES9039Q2M
— )

SDA/MOSI DAC1 |

SCL/SCLK DAC1B=

DATA_CLK -
vy S
DAC2B b

ADDRO/MISO
ADDR1/SS

1°C/SPI

Application
Processor

PCM/DSD/DoP/MQA

A4

RT1 AGND_DAC2 AGND_DAC1 G

ND
I(a Iso Exposed pad)

I
I

Figure 20. Typical ES9039Q2M Software Mode Application Diagram

*Note: See GPIO section for configuration of GPIOs including GPIO8.

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



VERSION 0.1.3

ES9039Q2M Datasheet ':".‘ EE;

Hardware (HW) mode

Serial Data Input
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JF c3

u

—
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*See datasheet for configuration* © —
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HWA
HWe —
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= 9wz DAC2B [© 05_v-<—| V-
L—28wute  ES9039Q2M  AGND_DAC2 5:+_| 12 DACb
Enable . 2 GrIo1 U1 AGND_DACT 44@,— DAC
3.3V - Active 22] GPI02 DACH|? os_v-<—| v+
@V - Standby 23] GPI03 DAC1B 2—‘$ v-
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onD<—33| EPAD
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I

GPIO8 —= MCLK Clock Input
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-- * AVCC_DAC1/AVCC_DAC2 pins must be powered with an ultra-low-noise regulator --

()

Zl

o
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Figure 21 — Hardware (HW) mode reference schematic for ES9039Q2M

Note: ES9039Q2M has an exposed pad (EPAD, pin 33) and should be connected to ground.

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



55

VERSION 0.1.3

ES9039Q2M Datasheet

Software (SW) mode

12C/SPI

12C requires external
pull ups on SDA SCL

SCL/SCLK &

PCM/TDM shown

Serial Data Inputs

SDA/MOSI

ADDRQ/MISO

ADDR1/SS

|||—

GND

Enable

3.3V - Active
@V - Standby

Digital 170

GPIO1 &
GPI02

GPIO3

GPIO4 1

L 28lGpO6

| C5
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GPIO6
GPIO7

GND

Q
Z1
o

o SDO
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—e
8:1:3
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GND D
52
9[ 9 292N o
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2 gpio1 U1 AGND_DAC1 [* & DAC
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EENEEEEERE <
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&
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-- % All AVCC_DAC1/AVCC_DAC2 pins must be powered with an ultra-low-noise regulator --

Note: ES9039Q2M has an exposed pad (EPAD, pin 33) and should be connected to ground.

Figure 22 — Software mode reference schematic for ES9039Q2M
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Recommended Output Stage

3.6k (THIN FILM)
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R1
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DAC ‘J||r2 o 1 2 y——Joute__]
Ccé R3 =
OPA1612 ~ - 2.
> % () = £ ~
[fe} o ~ = P (&)
(2] 4 L 3 o
:T_ Bj ® rd O—I/_
L L& & =
E -8 §T‘ o x E N g
© a . x o~ ) J4
g R ~ o GND<
: h 3 z7 1S —>cnp
> ] N 2
ﬂ >
- XLR Male
s, 3
A &
s £33
2 Lot
o OPA1612 5
=
5+ < 140 (THN FILM)
z . 1 2 > ouT
DACb 8 — R6 ’Sl Blue
2 o~
u2.2 B = 5 2l g6 :Ir:g
33ep (COG/NP@) ST _ eno<—' GND =
1 2 o = un
[ y - g NQ
e & S/E
3.6k (THIN FILM) o
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Figure 15 — Output stage schematic for ES9039Q2M

Note 1: Schematic is representative of ES9039Q2M EVB v2.0

Note 2: A 3 opamp output stage schematic with slightly improved THD+N performance with a slight increase in noise is available, see distributor or
FAE for more information if required.

Note 3: C6, C10 & C11 values are chosen specifically for OPA1612, change depending on desired frequency response.
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Internal Pad Circuitry

Pin Type Pin Name Equivalent Circuit
Power Pad
AVCC_DAC1 1
AVCC_DAC2 Power 8
AVDD 10 ESD
VCCA 31
GND
VDD
AGND_DAC1 4
AGND_DAC2 Ground 5
GND 1 ESD
GND 30 Ground Pad
VDD
ESD
! Digital |
CHIP_EN Reset 18
R
PU/PD O——AA— ESD
GND
DATA_CLK 12
DATA1 13
DATA2 14
SCLK/SCL/HWA1 15 VDD
MOSI/SDA/HWO 16 OE
RT1 17 o
SS/ADDR1/HW2 19 ESD
MISO/ADDRO/MUTE_CTRL Diaital 1/0 20 Digital /0
GPIO1 9 o1 I u_@_
GPIO2 22
GPIO3 23 R ESD
GPI04 24 PD O——WV—
GPIO5 25 oND
GPIO6 26
GPIO7 27
MODE 29
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(o))
AVDD
OE
o)
ESD
GPIO8
GPI0 8 Digital /0 2 | O /Y&I
Cal_Res \I
CALIBRATION
R ESD RESISTOR
PU/PD  Ci———AAA—— L
CAL_RES_ENB
GND
GND
(o] i T Analog 11O
DAC1B 2
DACT 3 R D
DAC2B Analog 10 DAC 6 | O——WW——
DAC2 7
MCLK 32 ? ESD
GND
VDD
ESD Power Pad
DVDD 10 Power 9
ESD
GND

Table 28 — Internal Pad Circuitry
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32 QFN Package Dimensions

C0.35X45
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[ [
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24 1
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. —] » . N g
D) -
D) - «
— - + - —4— w — -3 —E - + - 49— o
e D) -
~ D) -
Nl o
l ol A D) ! (-
\Y| \ Y
17 18
i
. NANANNN
§ 16 | 9
A1
D A3 L K
A
PACKAGE TYPE olw
JEDEC OUTLINE MO—220 MO—220 %[3 NOTES -
[«
PKG CODE| WQFN(X532) VQFN(Y532) io 1. ALL DIMENSIONS ARE IN MILLIMETERS.
SYMBOLS | MIN. | NOM.[ MAX.| MIN. | NOM.| MAX. S| 2. DIMENSION b APPLIES TO METALLIZED TERMINAL
A 0.70 [ 0.75 [ 0.80 | 0.80 | 0.85 | 0.90 OQ AND IS MEASURED BETWEEN 0.15mm AND 0.30mm
A1 [0.00]0.02]0.05 | 0.00 | 0.02 | 0.05 d FROM THE TERMINAL TIP. IF THE TERMINAL HAS
A3 0.203 REF. 0.203 REF. THE OPTIONAL RADIUS ON THE OTHER END OF THE
b 0.18 [ 0.25 [ 0.30 | 0.18 [ 0.25 | 0.30 TERMINAL, THE DIMENSION b SHOULD NOT BE
D 4,90 [ 5.00 [ 5.10 | 4.90 [ 5.00 [ 5.10 MEASURED IN THAT RADIUS AREA.
E 490 15.00 15.10 | 490 1 5.00 [5.10 3. BILATERAL COPLANARITY ZONE APPLIES TO THE
R 0.50 BSC 0.50 BSC _II-%(RPSIS,\ER_SHEAT SINK SLUG AS WELL AS THE
L 0.35 | 0.40 [ 0.45 | 0.35 | 0.40 | 0.45 :
K 020 — | — [o20] — | —
PAD SIZE D2 E2 LEAD FINISH jepec cope
MIN. | NoM. [ max. | MIN. | NoM. | MAX. |pure Tin| PPF
13413 ML| 3.15 [3.20 [3.25 [3.15 [3.20 [3.25 | v v | W(V)HHD-2

Figure 23 — ES9039Q2M 32 QFN package dimensions
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32 QFN Top View Marking
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Figure 24 - ES9039Q2M 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.

Tp T Te -5:C

Mex. Ramp Up Rate = 3iC/s
Mex. Ramp Down Rate = 6;50s

Temperature —
_|
=
ml
ik
\r
=
ey

25

Fi'irrezs C o Pleak
Time c—>

Figure 25 — IR/Convection Reflow Profile (IPC/JEDEC J-STD-020D.1)

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.

ESS TECHNOLOGY, INC. 109 Bonaventura Drive, San Jose, CA 95134, USA Tel (408) 643-8800 + WWW.ESSTECH.COM 94



VERSION 0.1.3

NN | | | |
ES9030Q2M Datasheet D TR\

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 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) 30* seconds

Ramp-down rate (Tp to TL) 6°C / second maximum

Time 25°C to peak temperature 8 minutes maximum

* Tolerance for peak profile temperature (Tp) is defined as a supplier minimum and a user maximum.

Table 29 — 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.

RPC-2 Pb-Free Process - Classification Temperatures (Tc)

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

Table 30 - 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

ES9039Q2M

SABRE 32-bit high performance 2 Channel DAC

5mm x 5mm 32 QFN

Revision History

Current Version 0.1.3

Rev. Date Notes
0.1.2 March, 2023 Initial release
e  Updated output stage schematic
e Updated S/PDIF section
0.1.3 March 14, 2023
o Updated Reg 57[0], Reg64[7:5], Reg65[7:5]
o  Corrected Reg 137 heading

© 2023 ESS Technology, Inc.

ESS IC’s 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 IC’s 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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